
A Leading Provider of Smart, Connected and Secure Embedded Control Solutions 

SAM9X60 ARM926EJ-S
Microprocessor & Embedded Linux

LNX1001-Buildroot v1.00

September 11, 2025

Kevin Lu
CAE Taiwan

Microchip Technology Inc.



11 September 2025 Microchip Technology Inc. and its subsidiaries©

Course Outline

• Embedded Linux Startup Process
• Components of Embedded Linux System for MPU

• AT91Bootstrap 
• U-Boot
• Device-Tree
• Linux Kernel
• Root Filesystem

• Build System and Buildroot
➢ Lab1 – Prepare Buildroot and First Build

• Modify the Configuration of Buildroot for Hobby Kit
➢ Lab2 – Modify the Configuration of Buildroot and Rebuild

• Customize External Tree Project for Buildroot
➢ Lab3 - Modify br2-external-tree and Rebuild the Buildroot

• Use MPIO to Test Peripherals
➢ Lab4 – Use MPIO to Control Peripherals 
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Embedded Linux Startup Process

• Embedded Linux is a powerful operating system. When running on an MPU, the boot 
process is a complex and orderly process.
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Embedded Linux Startup Process

1. Power-On and Self Test (ROM boot)
• When the system powers on, the ROM-Code starts executing.

• Check hardware components.

• The ROM-Code loads the Bootloader from an external storage device. (e.g., SD card, NAND Flash).

• Transferring control to the Bootstrap.
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Embedded Linux Startup Process
Power-On and Self Test (ROM boot)
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Embedded Linux Startup Process

2. Second-stage Bootloader Startup (bootloader for Microchip SoC, AT91Bootstrap)
• Initializing the CPU, Memory, Clock, and other basic hardware.

• The Bootstrap loads the U-Boot from an external storage device to DRAM.

• Transferring control to the U-Boot.
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Embedded Linux Startup Process
Second-stage Bootloader Startup (AT91Bootstrap)
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Embedded Linux Startup Process

3. Third-stage Bootloader Startup (U-Boot)
• Loading the Device-Tree and Linux kernel image into memory.

• Passing boot parameters to the Linux kernel.

• Transferring control to the Linux kernel.
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Embedded Linux Startup Process
Third-stage Bootloader Startup (U-Boot)
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Embedded Linux Startup Process

4. Linux Kernel Startup
• Initializing Kernel functionalities. 

(e.g., memory management, process management, and device drivers).

• Mounting Root Filesystem.

• Starting init Process.
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Embedded Linux Startup Process
Linux Kernel Startup
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Linux Distribution at Runtime
5. System initialization (Init Process)

• Executing Initialization Scripts.

• Starting User Interface.

Embedded Linux Startup Process
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Embedded Linux Startup Process

6. System Enters Running State
• Users can interact with the system through the command line.

ROM boot

AT91Bootstrap

U-Boot
Linux Kernel 

Startup
Init Process

System 
Running



Components of 
Embedded Linux System for MPU



11 September 2025 Microchip Technology Inc. and its subsidiaries©

Components of Embedded Linux System for MPU

• We need to obtain components suitable for MPU to complete the startup process and 
launch the Embedded Linux System.

• To do this, we need to understand how to obtain these components of Embedded 
Linux System . We can obtain the source code of each component from the GitHub 
Repository from Microchip (linux4microchip and  linux4sam) and compile it to get the 
required parts.

AT91Bootstrap U-Boot Device Tree Linux Kernel
Root 

Filesystem

Cross-compiler

https://github.com/linux4microchip
https://github.com/linux4sam
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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.

• apt : Advanced Package Tool, automating the retrieval, configuration and  
  installation of software packages.

• git clone : Clone repository.

• git checkout : Switch branches.
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Setup Required Packages
Prepare

• Download and install essential host packages on your build host.

user@VM:~$ sudo apt update
user@VM:~$ sudo apt install -y build-essential flex bison git perl-base libssl-dev 
libncurses-dev libncursesw-dev ncurses-dev

VM
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Setup ARM Cross Compiler
Prepare

• 1. Download and extract the ARM GNU Toolchain.

user@VM:~$ wget -c https://developer.arm.com/-/media/Files/downloads/gnu/13.2.rel1/binrel/arm-
gnu-toolchain-13.2.rel1-x86_64-arm-none-linux-gnueabihf.tar.xz
user@VM:~$ tar -xf arm-gnu-toolchain-13.2.rel1-x86_64-arm-none-linux-gnueabihf.tar.xz

VM

Cross-compiler
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Setup ARM Cross Compiler
Prepare

• 2. Add the ARM GNU Toolchain into your system.

user@VM:~$ export CROSS_COMPILE=`pwd`/arm-gnu-toolchain-13.2.Rel1-x86_64-arm-none-linux-
gnueabihf/bin/arm-none-linux-gnueabihf-

VM

Cross-compiler
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Build AT91Bootstrap

• 1. Get AT91Bootstrap Source Code and Switch branch to "v4.0.9" tag.

user@VM:~$ git clone https://github.com/linux4sam/at91bootstrap.git
user@VM:~$ cd at91bootstrap/
user@VM:~$ git tag
user@VM:~$ git checkout v4.0.9 -b at91bootstrap3-v4.0.9

VM

Cross-compiler AT91Bootstrap
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Build AT91Bootstrap

• 2. Configure AT91Bootstrap to load U-Boot binary from SD Card.

user@VM:~$ make mrproper
user@VM:~$ make sam9x60_curiositysd_uboot_defconfig

VM

Cross-compiler AT91Bootstrap
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Build AT91Bootstrap

• 3. Build the AT91Bootstrap.

user@VM:~$ make

VM

Cross-compiler AT91Bootstrap
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U-BootBuild U-Boot

• 1. Get U-Boot sources and Switch branch to "linux4microchip-2024.04" tag.

user@VM:~$ git clone https://github.com/linux4microchip/u-boot-mchp.git
user@VM:~$ cd u-boot-mchp/
user@VM:~$ git tag | grep linux4microchip
user@VM:~$ git checkout linux4microchip-2024.04 -b mchp-2024.04

VM

Cross-compiler
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Build U-Boot

• 2. Configure U-Boot to boot from SD Card.

user@VM:~$ make sam9x60_curiosity_mmc_defconfig

VM

U-BootCross-compiler
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Build U-Boot

• 1. Build the U-Boot.

user@VM:~$ make

VM

U-BootCross-compiler



11 September 2025 Microchip Technology Inc. and its subsidiaries©

Build Kernel

• 2. Get Kernel sources and Switch branch to "linux4microchip-2024.04" tag.

user@VM:~$ git clone https://github.com/linux4microchip/linux.git
user@VM:~$ cd linux
user@VM:~$ git tag | grep linux4microchip
user@VM:~$ git checkout linux4microchip-2024.04 -b mchp-2024.04

VM

Linux Kernel &
Device Tree

Cross-compiler
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Build Kernel

• 3. Build the Linux kernel.

user@VM:~$ make ARCH=arm at91_dt_defconfig
user@VM:~$ make ARCH=arm

VM

Linux Kernel &
Device Tree

Cross-compiler
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Build Root File System

• Root File System (rootfs) is the foundation of Linux System. It contains the minimal set 
of files required to boot and run a system, such as the kernel, init scripts, libraries, 
and basic user utilities. 

• There are several ways to create a rootfs:

• Building from scratch : 
This is a flexible but also the most time-consuming method.

• Based on an existing system : 
Copy an existing Linux distribution's rootfs and customize it.

• Using Build System tools :
Use tools to automatically create embedded Linux system rootfs.



Build System and Buildroot
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Build System

• Embedded Linux systems often contain more than hundreds of files. Manually 
compiling each file and managing dependencies is very time-consuming and error-
prone, build system can simplify these processes.

• Build System is a collection of tools and processes that automates the compilation, 
linking, and packaging of source code into programs, is essential for creating a system 
image by combining the Linux kernel, device drivers, applications, and other 
components.

• Common Build Systems for Embedded Linux : 

• Buildroot : One of the most widely used build systems for embedded Linux, it provides a highly 
configurable environment that allows users to easily select packages, configure the kernel, and 
generate custom Linux distributions.

• Yocto Project : The Yocto Project is a more complex and powerful build system that offers finer-
grained control and is suitable for large and complex embedded systems.
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• Buildroot is a versatile and efficient build system designed for Embedded Linux 
Systems. It provides a comprehensive set of tools and features to simplify the process 
of creating customized Linux distributions for various embedded devices.

• It uses the Linux Kconfig configuration system, allowing easy selection of system 
content, and manage the compilation process through Makefile.

• Part of components currently the buildroot-mchp for Microchip can build:
• Toolchain

• Bootloader for Microchip SoC (AT91Bootstrap)

• U-Boot

• Linux

• Device-Tree

• Root File System 

• Embedded Linux OS Image

Buildroot
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Buildroot vs Legacy

Download Buildroot

Configure Buildroot

Build Buildroot

Buildroot

VS

Download Compiler

Build Compiler

Download Bootstarp

Configure Bootstarp

Build Bootstarp

Download U-Boot

Configure U-Boot

Build U-Boot

Download Kernel

Configure Kernel

Build Kernel

Build RootFs

Build Image

Legacy

Image

RootFs

Kernel

U-Boot
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Build Buildroot

• We can use Buildroot to automatically build the required components according to 
the configuration.

• How to build Buildroot for Microchip SoC :

1. Install the dependencies for Host Linux system.

2. Get Buildroot sources. (e.g., git clone)

3. Configure what you need. (e.g., make menuconfig)

4. Execute the command and start automatic build Buildroot. (e.g., make)

a. Download required resources.

b. Compile and Linking.

c. Merge and output.

5. Get something of what you need in Buildroot.
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Makefile

• When you execute the make command, Buildroot will start analyzing the Makefile 
and execute the corresponding rules one by one according to the specified target. 

• The entire construction process will be completed automatically. You only need to 
modify the configuration in the Makefile to customize the embedded system that 
meets your needs.

• Basic Buildroot instructions : 
• make help   : Display all available targets. 

• make menuconfig : Configure toolchain, packages and kernel.

• make or make all  : Begin the build process.

• Package-specific for Buildroot :
• make <pkg>  : Build and install <pkg> and all its dependencies.

• make <pkg>-dirclean : Remove <pkg> build directory.

• make <pkg>-extract : Extract <pkg> sources.

• make <pkg>-rebuild : Restart the build from the build step.
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Configure Menu

• Buildroot provides a graphical configuration interface to configure and customize your 
embedded Linux system.

• We can execute the "make menuconfig" command to open the Buildroot Configure 
Menu, and then we can view the current configuration or modify.



Lab1 – Prepare Buildroot 
and First Build
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Lab1 – Prepare Buildroot and First Build

• We will prepare the Linux OS on the computer to create an Embedded Linux OS 
image, then try to build an environment suitable for developing SAM9X60 and an 
image of the Curiosity Board.

• Follow the steps below to complete the above requirements :
(The process requires the Internet !!)

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

2. Install the dependencies of Buildroot.

3. Clone Buildroot source from GitHub repository.

4. Switch Buildroot source branch.

5. Modify the configuration. 

6. To start the build process.

7. Check the output files.

8. Flash OS images to SD card and boot.
Let’s go!
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Lab1 – Prepare Buildroot and First Build
Step 1

• 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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Lab1 – Prepare Buildroot and First Build
Step 2

• Install the dependencies of Buildroot for Host Linux system.

user@VM:~$ sudo apt update
user@VM:~$ sudo apt -y install build-essential gcc-arm-linux-gnueabi libssl-dev libncurses-dev git
user@VM:~$ sudo apt -y install subversion build-essential bison flex gettext \

libncurses5-dev texinfo autoconf automake libtool mercurial git-core \
gperf gawk expat curl cvs libexpat-dev bzr unzip bc python3-dev \
wget cpio rsync xxd bmap-tools 

VM
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Lab1 – Prepare Buildroot and First Build
Step 3

• Clone Buildroot source from GitHub repository.

user@VM:~$ mkdir ~/Linux4MCHP
user@VM:~$ cd ~/Linux4MCHP/
user@VM:~$ git clone https://github.com/linux4microchip/buildroot-mchp.git 
user@VM:~$ git clone https://github.com/linux4microchip/buildroot-external-microchip.git 

VM
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Lab1 – Prepare Buildroot and First Build
Step 4

• Switch Buildroot source branch. (buildroot and buildroot-external)

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp/
user@VM:~$ git tag | grep linux4microchip
user@VM:~$ git checkout linux4microchip-2025.04 -b buildroot-at91-linux4microchip-2025.04
 
user@VM:~$ cd ~/Linux4MCHP/buildroot-external-microchip/ 
user@VM:~$ git tag | grep linux4microchip 
user@VM:~$ git checkout linux4microchip-2025.04 -b buildroot-external-microchip-linux4microchip-2025.04 

VM
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Lab1 – Prepare Buildroot and First Build
Step 5

user@VM:~$ ls ~/Linux4MCHP/buildroot-external-microchip/configs/ | grep sam9x60_curiosity
user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp/
user@VM:~$ BR2_EXTERNAL=../buildroot-external-microchip/ make sam9x60_curiosity_graphics_defconfig

VM

• Modify the configuration with BR2-External Project. 
(Default configuration for SAM9X60 Curiosity Board with graphics)
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Lab1 – Prepare Buildroot and First Build
Step 6

• To start the build process.

user@VM:~$ make 

VM
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Lab1 – Prepare Buildroot and First Build
Step 7

• Check the output files in the BuildRoot directory.

user@VM:~$ ls ~/Linux4MCHP/buildroot-mchp/output
user@VM:~$ ls -l ~/Linux4MCHP/buildroot-mchp/output/images 
 

VM
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Lab1 – Prepare Buildroot and First Build
Step 8

• Prepare a SD Card with Embedded Linux OS and mount it to EVB.
(Refer to the appendix to complete the Flash SD Card)

Curiosity Board

Hobby Kit

~/Linux4MCHP/buildroot-mchp/output/images/sdcard.img
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Lab1 – Prepare Buildroot and First Build
Step 9

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

Lab1 – Prepare Development Tools
Step 10 (Embedded Linux OS of EVB will be used later)

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

[root@sam9x60curiosity ~]$

EVB
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Lab1 – Prepare Buildroot and First Build
Result

• Buildroot output is stored in a single directory, "output/". This directory contains 
several subdirectories.

• After mount the OS image and boot it, you will see the login screen of the Embedded 
Linux system running on the SAM9X60 MPU.



Modify the Configuration 
of Buildroot for Hobby Kit
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Buildroot Source Tree

• Buildroot Source Tree us a well-organized directory structure that contains all the 
source code, scripts, and configuration files necessary to construct a complete 
embedded system.

• Key Directories in the Source Tree:
• arch/  : configuration scripts for various CPU architectures such as ARM, MIPS, etc.

• linux/  : automated build scripts for the Linux kernel.

• fs/  : source code for various file systems such as ubi, ext2, etc.

• package/ : configuration files for all the software packages supported by Buildroot.

• dl/  : downloaded source code packages and application archives.

• configs/ : configuration parameters for development boards.

• board/ : board-specific configuration.

• output/ : output files from the build process.

• others
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Buildroot Source Tree

• In the course, we will build Buildroot and obtain resources suitable for the evaluation 
board, such as a Linux OS image.

• We can find the output files in the "output/images/" directory from the build process 
which we needs.

• During the build process, source code packages and application archives based on 
your configuration will be downloaded through the Internet. These files will be stored 
in the "dl/" folder, and the source code will be extract to the "output/build/" folder.

• Directory during build process and output : 
• output/build/  : Source code for source code packages and application archives.

• output/images/  : Output files during build process.



Lab2 – Modify the Configuration of 
Buildroot and Rebuild
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Lab2 – Modify the Configuration of Buildroot and Rebuild

• Before starting this Lab, you need to complete the previous Lab. 
• The image we compiled previously was suitable for the SAM9X60 Curiosity Board. 

In this Lab we will try to create an image suitable for the Hobby Kit, we need to 
modify some configurations to complete it.

• Follow the steps below to complete the above requirements : 
1. Modify the configuration of Buildroot for SAM9X60 Hobby Kit.
2. Open the Device-Tree-Source file.

a. Modify the default LED heartbeat color to Green.
b. Modify the User-Button pin for Hobby Kit.
c. Modify the Device-Tree-Source to create SPI node.
d. Modify the Device-Tree-Source for SD Card Detect.

3. Rebuild the Buildroot for Hobby Kit.
4. Flash OS images to SD card.
5. Check the modified part in the Embedded Linux System. Let’s go!



Modify the configuration of Buildroot
for SAM9X60 Hobby Kit

Lab2 – Modify the Configuration of Buildroot and Rebuild
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 1.1

• Use the menu to configure Buildroot.

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

VM
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 1.2

• Modify the Login Welcome Message for SAM9X60 Hobby Kit.
(SAM9X60 CURIOSITY Demo → SAM9X60 Hobby Kit)

1

3

4

2 Select and Press "Enter" key
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 1.3

• Modify the System Hostname for SAM9X60 Hobby Kit.
(sam9x60_curiosity → sam9x60_hobby)

1

3

4

2 Select and Press "Enter" key
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 1.4

• Exit the menu of configure and Save new configuration to Buildroot.

1 Select and Press "Enter" key, until 
the next step interface appears.

2 Select and Press "Enter" key



Open and Modify the Device-Tree-Source file
for SAM9X60 Hobby Kit

Lab2 – Modify the Configuration of Buildroot and Rebuild
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 2.1

• Open the Device-Tree-Source file. 
(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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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 2.2

• Modify the default LED heartbeat color to Green.
(Blue → Green)
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 2.3

• Modify the User-Button pin for Hobby Kit.
(PA29 → PD3) Hobby Kit
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 2.4

• Modify the Device-Tree-Source to create SPI node.
(Create the nodes for Flexcom 5, SPI 5 and SPI Device 0)
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 2.5

• Modify the Device-Tree-Source for SD Card Detect.
(PA25 → PD2)

Hobby Kit



Rebuild the Buildroot and Prepare a SD Card 
with Embedded Linux OS 

Lab2 – Modify the Configuration of Buildroot and Rebuild
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 3

• Rebuild the Buildroot for Hobby Kit.

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make linux-rebuild
user@VM:~$ make dt-overlay-mchp-rebuild
user@VM:~$ make
user@VM:~$ ls -l ./output/images 

VM
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 4

• Prepare a SD Card with Embedded Linux OS and mount it to EVB.
(Refer to the appendix to complete the Flash SD Card)

Curiosity Board

Hobby Kit

~/Linux4MCHP/buildroot-mchp/output/images/sdcard.img
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• Check the modified part in the Embedded Linux System.

Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 5.1

# ls /proc/device-tree/leds/led-blue/
gpios  label  name
# ls /proc/device-tree/leds/led-green/
gpios                  linux,default-trigger
label                  name
# cat /proc/device-tree/leds/led-green/linux,default-trigger
heartbeat#

EVB
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• Check the modified part in the Embedded Linux System.

Lab2 – Modify the Configuration of Buildroot and Rebuild
Step 5.2

# reboot
…

EVB
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Lab2 – Modify the Configuration of Buildroot and Rebuild
Result

• Buildroot output is stored in a single directory, "output/". This directory contains 
several subdirectories, you can find newly modified files in here.

• After login the Embedded Linux system, you can find the modified information in the 
system and see the green led blinking.



Customize External Tree Project 
for Buildroot
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Buildroot External Tree

• Buildroot External Tree refers to a separate directory structure that contains custom 
packages, configurations, or patches that you want to incorporate into your main 
Buildroot project.

• This provides a flexible way to manage and maintain additional components outside 
of the standard Buildroot package structure.

• This method has the advantage of keeping project-specific files separated from the 
main Buildroot source tree while integrating them seamlessly into the build process. 
This method is called the br2_external mechanism.

Buildroot Source

Config

Buildroot External

Expand Config+
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Microchip Buildroot External

• Microchip Buildroot External includes Microchip packages, patches, setup, and 
configuration to work with Microchip provided software that is not included in 
mainline buildroot.

• We can find Buildroot External for Microchip SoC at "linux4microchip/buildroot-
external-microchip" from the GitHub Repository.

• We can use simple command to build Buildroot Source with Microchip Buildroot 
External :

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp/
user@VM:~$ BR2_EXTERNAL=../buildroot-external-microchip/ make sam9x60_curiosity_graphics_defconfig
user@VM:~$ make

https://github.com/linux4microchip/buildroot-external-microchip
https://github.com/linux4microchip/buildroot-external-microchip
https://github.com/linux4microchip/buildroot-external-microchip
https://github.com/linux4microchip/buildroot-external-microchip
https://github.com/linux4microchip/buildroot-external-microchip


Lab3 – Modify br2-external-tree and 
Rebuild the Buildroot
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot

• In this Lab we will try to create an image suitable for the Hobby Kit, we will modify the BR2-External Project 
to complete it.

• In this way, we can build a Linux OS image suitable for Hobby Kit without modify the Buildroot source, and 
easily built again.

• Follow the steps below to complete the above requirements :
1. Create configurations for Hobby Kit in BR2-External Project. 
2. Modify the configuration of BR2-External Project. 

a. Change the name of OS Image and Image-Tree-Blob for Hobby Kit. (Modify the genimage.cfg)
b. Change the uboot-env.txt content to Image-Tree-Blob for Hobby Kit.

3. Create a Device-Tree-Source for Hobby Kit in BR2-External Project. 
4. Modify the configuration of Buildroot. (make menuconfig)
5. Save the configuration to the BR2-External Project.
6. Make a difference patch of Image-Tree-Blob (.itb) for Hobby Kit.

a. Reset the dt-overlay-mchp in Buildroot.
b. Prepared the materials in a Patches directory.
c. Modify the Image-Tree-Source (.its) in dt-overlay-mchp directory.
d. Modify "Makefile" for Hobby Kit in dt-overlay-mchp directory.
e. Make a difference patch for BR2-External Project.

7. Rebuild the Buildroot with BR2-External Project for Hobby Kit.
8. Flash OS images to SD card.
9. Check the modified part in the Embedded Linux System. 

Let’s go!



Create configurations for Hobby Kit 
in BR2-External Project

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 1

user@VM:~$ cd ~/Linux4MCHP/buildroot-external-microchip/
user@VM:~$ cp -r board/microchip/sam9x60_curiosity/ board/microchip/sam9x60_hobby/

VM

• Create a SAM9X60 Hobby Kit directory in Buildroot External for Microchip SoC.
(based on Curiosity Board's archives)



Modify the configuration 
of BR2-External Project 

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
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• Modify "genimage.cfg" to create an image for Hobby Kit. (Prepare to generate sdcard-hobby.img) 

(Use GUI or Command to open the file with Visual Studio Code) 

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 2.1

user@VM:~$ code ~/Linux4MCHP/buildroot-external-microchip/board/microchip/sam9x60_hobby/genimage.cfg
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• Change the "uboot-env.txt" content for Hobby Kit. 
(Use GUI or Command to open the file with Visual Studio Code) 

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 2.2

user@VM:~$ code ~/Linux4MCHP/buildroot-external-microchip/board/microchip/sam9x60_hobby/uboot-env.txt
 



Create a Device-Tree-Source for Hobby Kit 
in BR2-External Project

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 3.1

user@VM:~$ cd ~/Linux4MCHP/buildroot-external-microchip/board/microchip/sam9x60_hobby
user@VM:~$ mkdir -p dts/linux/microchip/
user@VM:~$ cp ~/Linux4MCHP/buildroot-mchp/output/build/linux-custom/arch/arm/boot/dts/microchip/at91-
sam9x60_curiosity.dts dts/linux/microchip/at91-sam9x60_hobby.dts

VM

• Create a new Device-Tree-Source for Hobby Kit in Buildroot External. 
(based on Curiosity Board's archives)



Modify the configuration of Buildroot

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 4.1

• Use the menu to configure Buildroot.

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

VM
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 4.2

• Check the Login Welcome Message for SAM9X60 Hobby Kit.
(SAM9X60 CURIOSITY Demo → SAM9X60 Hobby Kit)

1

3

4

2 Select and Press "Enter" key
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 4.3

• Check the System Hostname for SAM9X60 Hobby Kit.
(sam9x60_curiosity → sam9x60_hobby)

1

3

4

2 Select and Press "Enter" key
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• Modify the Generate Image Scripts Location for SAM9X60 Hobby Kit.
(-c $(BR2_EXTERNAL_MCHP_PATH)/board/microchip/sam9x60_hobby/genimage.cfg)

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 4.4

1

3

4

2 Select and Press "Enter" key
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• Modify the U-boot Environment Variables Source Location for SAM9X60 Hobby Kit.
($(BR2_EXTERNAL_MCHP_PATH)/board/microchip/sam9x60_hobby/uboot-env.txt)

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 4.5

1

3

4

2 Select and Press "Enter" key
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• Modify the Device-Tree-Source File Name for SAM9X60 Hobby Kit for Next Step.
(microchip/at91-sam9x60_curiosity → microchip/at91-sam9x60_hobby)

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 4.6

1

4

2 Select and Press "Enter" key

microchip/at91-sam9x60_hobby
3
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 4.7

• Modify the Out-of-tree Device Tree Source overlay directories for SAM9X60 Hobby Kit.
($(BR2_EXTERNAL_MCHP_PATH)/board/microchip/sam9x60_hobby/dts/linux)

3

4

1

2 Select and Press "Enter" key
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• Modify the Platform Name of dt-overlay-mchp for SAM9X60 Hobby Kit.
(sam9x60_curiosity → sam9x60_hobby)

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 4.8

1

3

4

2 Select and Press "Enter" key
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• Modify the Patches Location in Buildroot External.
($(BR2_EXTERNAL_MCHP_PATH)/patches $(BR2_EXTERNAL_MCHP_PATH)/board/microchip/sam9x60_hobby/patches)

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 4.9

1

3

4

2 Select and Press "Enter" key
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 4.10

• Exit the menu of configure and Save new configuration to Buildroot.

1 Select and Press "Enter" key, until 
the next step interface appears.

2 Select and Press "Enter" key



Save the Buildroot configuration 
to the BR2-External Project

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 5

• Save the configuration of SAM9X60 Hobby Kit to Buildroot External.

user@VM:~$ mkdir -p ~/Linux4MCHP/buildroot-external-microchip/board/microchip/sam9x60_hobby/patches/dt-
overlay-mchp/linux4microchip-2025.04

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make savedefconfig BR2_DEFCONFIG=~/Linux4MCHP/buildroot-external-
microchip/configs/sam9x60_hobby_graphics_defconfig

VM

← Must be done before executing 'make savedefconfig'



Make a difference patch 
for BR2-External Project

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 6.1

• Reset the dt-overlay-mchp in Buildroot.

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make dt-overlay-mchp-dirclean
user@VM:~$ make dt-overlay-mchp-extract

VM
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 6.2

• Prepared the materials in a Patches directory, we will need to modify the "Makefile" 
and "sam9x60_hobby.its" of dt-overlay-mchp.

user@VM:~$ mkdir -p ~/Linux4MCHP/Projects/Patches/
user@VM:~$ mv ./output/build/dt-overlay-mchp-linux4microchip-2025.04/ 
~/Linux4MCHP/Projects/Patches/dt-overlay-mchp/

user@VM:~$ cd ~/Linux4MCHP/Projects/Patches/dt-overlay-mchp/
user@VM:~$ git config --global user.email "you@example.com"
user@VM:~$ git config --global user.name "Your Name"
user@VM:~$ git init
user@VM:~$ git add Makefile
user@VM:~$ git add sam9x60_hobby.its
user@VM:~$ git commit -m "original"
user@VM:~$ git log

user@VM:~$ cp sam9x60_curiosity.its sam9x60_hobby.its VM
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• Modify "sam9x60_hobby.its" to create an image for Hobby Kit.
(Use GUI or Command to open the file with Visual Studio Code) 

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 6.3

user@VM:~$ code ~/Linux4MCHP/Projects/Patches/dt-overlay-mchp/sam9x60_hobby.its
 

/ {
    description = "Microchip SAM9X60-Hobby FIT Image";
    #address-cells = <1>;

    images {
        …
        base_fdt {
            description = "SAM9X60-Hobby Flattened Device Tree blob";
            data = /incbin/("./at91-sam9x60_hobby.dtb");
            …
        };
    };

    configurations {
        default = "kernel_dtb";

        kernel_dtb {
            description = "Linux kernel and base FDT blob for SAM9X60-Hobby board";
            kernel = "kernel";
            fdt = "base_fdt";
        };

        base_dtb {
            description = "Base FDT blob for SAM9X60-Hobby board ";
            fdt = "base_fdt";
        };
    };
};

←Remove fdt_pda5 and fdt_wilc3000 nodes

←Remove pda5 and wilc3000 nodes
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• Modify "Makefile" to create an image for Hobby Kit. 
(Use GUI or Command to open the file with Visual Studio Code) 

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 6.4

user@VM:~$ code ~/Linux4MCHP/Projects/Patches/dt-overlay-mchp/Makefile
 

...

BDIR?= sam9x60_hobby ... sam9x60_curiosity ...

...

SAM9X60_CURIOSITY_DTBO_OBJECTS:= $(patsubst %.dtso,%.dtbo,$(wildcard 
sam9x60_curiosity/*.dtso))
SAM9X60_HOBBY_DTBO_OBJECTS:= $(patsubst %.dtso,%.dtbo,$(wildcard sam9x60_hobby/*.dtso))

...

sam9x60_curiosity_dtbos: $(SAM9X60_CURIOSITY_DTBO_OBJECTS)

sam9x60_hobby_dtbos: $(SAM9X60_HOBBY_DTBO_OBJECTS)

...
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 6.5

• Make a difference patch after modifying dt-overlay-mchp and place it in the Buildroot 
External directory of the SAM9X60 Hobby Kit.

user@VM:~$ cd ~/Linux4MCHP/Projects/Patches/dt-overlay-mchp
user@VM:~$ git add Makefile
user@VM:~$ git add sam9x60_hobby.its
user@VM:~$ git commit -m "hobby"
user@VM:~$ git log
user@VM:~$ git format-patch -1
user@VM:~$ cp ./0001-hobby.patch ~/Linux4MCHP/buildroot-external-
microchip/board/microchip/sam9x60_hobby/patches/dt-overlay-mchp/linux4microchip-
2025.04/

VM



Rebuild the Buildroot and Prepare a SD Card 
with Embedded Linux OS 

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 7

• Rebuild the Buildroot of the configuration and Buildroot External for SAM9X60 Hobby 
Kit.

user@VM:~$ cd ~/Linux4MCHP/buildroot-mchp
user@VM:~$ make at91bootstrap3-dirclean
user@VM:~$ make host-uboot-tools-dirclean
user@VM:~$ make uboot-dirclean
user@VM:~$ make linux-dirclean
user@VM:~$ make dt-overlay-mchp-dirclean
user@VM:~$ make BR2_EXTERNAL=../buildroot-external-microchip/ make sam9x60_hobby_graphics_defconfig
user@VM:~$ make
user@VM:~$ ls -l ./output/images 

VM
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 8

• Prepare a SD Card with Embedded Linux OS and mount it to EVB.
(Refer to the appendix to complete the Flash SD Card)

Curiosity Board

Hobby Kit

sdcard-hobby.img

~/Linux4MCHP/buildroot-mchp/output/images/sdcard-hobby.img
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 9.1

• Check the modified part in the Embedded Linux System.

# ls /proc/device-tree/leds/led-blue/
gpios  label  name
# ls /proc/device-tree/leds/led-green/
gpios                  linux,default-trigger
label                  name
# cat /proc/device-tree/leds/led-green/linux,default-trigger
heartbeat#

EVB
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Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Step 9.2

• Check the modified part in the Embedded Linux System.

# reboot
…

EVB
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• We can find newly modified files containing Hobby Kit related archives in the 
"output/" directory.

• After login the Embedded Linux system, you can find the modified information in the 
system and see the green led blinking.

Lab3 – Modify br2-external-tree and Rebuild the Buildroot
Result



Use MPIO to Test Peripherals
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Microchip Peripheral I/O Python Package (MPIO)

• After we have built an Embedded Linux system suitable for a specific evaluation 
board, we can use some simple methods to test the peripherals are work normally.

• The Microchip Peripheral I/O Python Package (MPIO) provides a Python API, MPIO 
allows you to read and write to these hardware peripherals in an easy and consistent 
manner from Python. 

• This package provides easy access to various hardware peripherals : 
• Input
• LED
• ADC
• PWM
• Serial
• I2C
• SPI
• GPIO
• Others

# python
Python 3.11.8 (main, Aug 13 2024, 15:05:30) [GCC 12.3.0] on linux
Type "help", "copyright", "credits" or "license" for more information.
>>> from mpio import LED
>>> green = LED("green", True)
>>> green.brightness = False
>>> green.brightness = True

https://mpio.readthedocs.io/en/latest/


Lab4 – Use MPIO to Control 
Peripherals 

Microchip Peripheral I/O Python Package
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Lab4 – Use MPIO to Control Peripherals 

• Refer to the following instructions and examples to try using Microchip Peripheral I/O 
Python Package (MPIO) to control peripherals.

• linux4sam/mpio 

• mpio.readthedocs.io

Let’s go!

github.com/linux4sam/mpio
github.com/linux4sam/mpio
github.com/linux4sam/mpio
https://mpio.readthedocs.io/en/latest/
https://mpio.readthedocs.io/en/latest/


11 September 2025 Microchip Technology Inc. and its subsidiaries©

Lab4 – Use MPIO to Control Peripherals 
Step 9

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

Lab1 – Prepare Development Tools
Step 2

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

[root@sam9x60curiosity ~]$

EVB
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Lab4 – Use MPIO to Control Peripherals 
Step 3

• Execute the python with MPIO in the Embedded Linux OS.

# python
Python 3.12.9 (main, Sep  9 2025, 02:28:28) 
[GCC 13.3.0] on linux
Type "help", "copyright", "credits" or 
"license" for more information.
>>> import time
>>> from mpio import LED
>>> green = LED("green", True)
>>> green.brightness = True
>>> time.sleep(3)
>>> green.brightness = False
>>> from mpio import ADC
>>> print("ADC:", ADC(0).value(3))
>>> exit()

EVB
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Lab4 – Use MPIO to Control Peripherals 
Result

• Using the MPIO, you can quickly test peripheral hardware.
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Microchip Trademarks
https://www.microchip.com/en-us/about/legal-information/microchip-trademarks
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