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e Components of Embedded Linux System for MPU
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Device-Tree
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e Build System and Buildroot

> Lab1 — Prepare Buildroot and First Build
e Modify the Configuration of Buildroot for Hobby Kit

> Lab2 — Modify the Configuration of Buildroot and Rebuild
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> 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
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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.

AT91Bootstrap

Linux Kernel . System
Init Process :
Startup Running
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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.

.
Init NVIM

" rom | N Loading
| Code Bootloader
NVM

MPU
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© 2025 Microchip Technology Inc. and its subsidiaries

@ MICROCHIP



Embedded Linux Startup Process
Power-On and Self Test (ROM boot)

¥ COM1E - Tera Term VT = O >

File Edit Setup Control Window KanjiCode Help
omBOOT

2 00:17:46)

ormation ...
d] | YendorMame
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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.

SRAM Bootstrap

|

© 2025 Microchip Technology Inc. and its subsidiaries

Loading
U-Boot

Bootstrap

U-Boot

MPU NVM

Init DRAM

AT91Bootstrap

—

@ MICROCHIP



Embedded Linux Startup Process

Second-stage Bootloader Startup (AT91Bootstrap)

¥ COM1E - Tera Term VT = O >

File Edit Setup Control Window KanjiCode Help
2omBO0T

ootstrap 4.0.11 (2025-05-28 00:17:46)
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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.

Loading
Device-Tree
& Kernel

E .
Device Device
Kernel

\_ J

|
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Embedded Linux Startup Process

Third-stage Bootloader Startup (U-Boot)

¥T| COM18 - Tera Term VT

File Edit Setup  Control  Window KanjiCode  Help

|-Boot 2024.07-lirnwdmicrochip-2025.04 (May 28 2025 - 00:16:57 +0000)

CPU:  SAMSXE0 128MiE DDRZ SiF
Crvstal frequency: 24 MHz
R cloclk : GO0 MHz
bMazter clock : 200 MHz

DRAM: 128 MIB
Core: 152 devices, 70 uclasses, devicetree: separate
MAMD:  atmel-rand-cont rol ler nand-cont rol ler: NAND scan failed: -19
Eaﬁ!gd to probe nand driver (err = -19)

|

sdhci -host@30000000: 0, sdhci-host@3I0000000: 1

| cading Ereirorment from FAT... Ok
In: serial
Out: =serial
Frr:  =erial
EDf THa000 detected
et :
Frror: ethermet@f 8022000 Mo valid MAC address found.

Mo ethernet found.

Hit arv kev to stop autchoot: D
B31560 bvtes read in 250 ms (21.5 MiB/s)

it Loading kernel from FIT Imasze at 21000000 ...
Uzing "kermel _dth’ confizuration
Trving kermel’ kernel subimage
UDescription: LinwdSEM Linux kernel
Type: kernel Image
Compression:  uncompressed
Data Start:  0x210000dc
Data Size: hhE5416 Bytes = 5.3 MIB
Arohitecture: ARM
05: Linux
Load Address: 0x=22000000
Ertry Point: 022000000
Hash alzo: crcd?
Hash walue:  df013el1d
Hash alzo: shal
Hash walue:  7h7clleaal?eal??hd?bb2001001435d4f5530203
Verifving Hash [ntegrity ... crcd?+ shal+ CK

i Loading fdt from FIT Image at 21000000 ...
U=ing "kermel _dth’ confizuration
Trving "base fdt’ fdt subimage
Uescription: SAMIKBD-Curiosity Flattened Device Tree bilch
Type: Flat Device Tree
Compression:  uncompressed
Data Start:  0x215%53c24
Uata Size: 37072 Butes = 36.2 KIB
Arohitecture: ARM
Load Address: 0x23000000
Hash alzo: crc3?
Hash walue:  aZaldced
Hash alzo: chal
Hash walue:  e415c89905714561 1eelehdddcdb] 4addb1 8960 de
Verifwing Hash Intezrity ... crc3?+ shal+ OK
Loading fdt from 0x21553c24 to 0x23000000
Boot ing using the fdt blokh at 0x23000000
orking FOT ==t to 23000000
Loading Kernel Imasge to 22000000
Loading Device Tree to 27ef0000, end 27efclct ... 0K

orking FOT set to 270000

Starting kernel ...
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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.

Bootstrap

4 )

) ) ww [[575

( \

- _J . Mounting

s ~ Root
Linux Kernel Filesystem

Startup
\ _/
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Embedded Linux Startup Process

Linux Kernel Startup

¥ COM18 - Tera Term VT = O it
File Edit 5Setup Control Window KanjiCode Help

Starting kernel ...

| irear)
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Embedded Linux Startup Process

5. System initialization (Init Process)

_ . , Linux Distribution at Runtime
*  Executing Initialization Scripts.

e Starting User Interface. Linux )
&
(]
=
wn
©
GNU C Library (glibc) g
- ] (]
4 ™\ System Call Interface (Kernel Interface)
A
)
=
g Kernel
\. J ;
5
4 ) o Architecture-dependent
(Board Support Package)
= Hardware
\. J
4 )
\. J
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Embedded Linux Startup Process

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

¥ COMIB - Tera Term VT = O >

File Edit 5etup Control Window KanjiCode Help

ing Yirtual Console Setup. ..
Enable Persistent Storase in systemd-networkd.
d ¥irtual Console Setup.
reet System Initialization.
scard uwsed filesystem blocks once a week.
ily Clearup of Temporary Directories.
Timer Units.
-Bus Svstem Messasge Bus Socket.
on OpenSSH Server Socket---temd-ssh-generator, AF_INIX Local).
on Hostrame Service Sodket.
; Socket Units.
Basic Swstem.

reet Login Promets.
b OpenSSH server daemon. . .
d D-Bus System Wessage Bus.
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Components of
Embedded Linux System for MPU
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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.

. . R
AT91Bootstrap U-Boot Device Tree Linux Kernel | noot
Filesystem
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https://github.com/linux4microchip
https://github.com/linux4sam

Linux common commands

Hints
° Is . 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.

gitclone : 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@LNX1001: ~

user@LNX1001:~$ |

: $ sudo apt update
: $ sudo apt install -y build-essential flex bison git perl-base libssl-dev
libncurses-dev libncursesw-dev ncurses-dev
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Setup ARM Cross Compiler

Prepare

1. Download and extract the ARM GNU Toolchain.

user@LNX1001: ~

user@LNX1001:~$ |

: $ wget -c https://developer.arm.com/-/media/Files/downloads/gnu/13.2.rell/binrel/arm-
gnu-toolchain-13.2.rell-x86_64-arm-none-linux-gnueabihf.tar.xz
: $ tar -xf arm-gnu-toolchain-13.2.rell-x86_64-arm-none-linux-gnueabihf.tar.xz
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Setup ARM Cross Compiler

Prepare

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

user@LNX1001: ~

user@LNX1001:~$ |

: $ export CROSS COMPILE="pwd" /arm-gnu-toolchain-13.2.Rell-x86_64-arm-none-linux-
gnhueabihf/bin/arm-none-1linux-gnueabihf-
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Build AT91Bootstrap [ ]

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

user@LNX1001: ~

user@LNX1001:~$ |

: $ git clone https://github.com/linux4sam/at91bootstrap.git
: $ cd at91bootstrap/

: $ git tag

: $ git checkout v4.0.9 -b at91bootstrap3-v4.0.9
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Build AT91Bootstrap [ ]

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

user@LNX1001: ~

user@LNX1001:~$ |

: $ make mrproper
. $ make sam9x60 curiositysd uboot_defconfig
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Build AT91Bootstrap [ ]

* 3. Build the AT91Bootstrap.

user@LNX1001: ~

user@LNX1001:~$ |

@ MICROCHIP



Build U-Boot vt

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

user@LNX1001: ~

user@LNX1001:~$ |

: $ git clone https://github.com/linux4microchip/u-boot-mchp.git
: $ cd u-boot-mchp/

. $ git tag | grep linuxdmicrochip

: $ git checkout linux4microchip-2024.04 -b mchp-2024.04
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Build U-Boot vt

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

user@LNX1001: ~

user@LNX1001:~$ |

: $ make sam9x60 curiosity mmc_defconfig
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Build U-Boot vt

e 1. Build the U-Boot.

user@LNX1001: ~

user@LNX1001:~$ |
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Device Tree

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

user@LNX1001: ~

user@LNX1001:~$ |

: $ git clone https://github.com/linux4microchip/linux.git
: $ cd linux

. $ git tag | grep linuxdmicrochip

: $ git checkout linux4microchip-2024.04 -b mchp-2024.04
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Device Tree

e 3. Build the Linux kernel.

user@LNX1001: ~

user@LNX1001:~$ |

: $ make ARCH=arm at91_dt_defconfig
: $ make ARCH=arm
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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.

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

* 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.

* Toolchain

* Bootloader for Microchip SoC (AT91Bootstrap)
* U-Boot

* Linux

* Device-Tree

* Root File System

* Embedded Linux OS Image

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

user@VmM: ~/Linux4MCHP/buildroot-mchp

Buildroot linux4microchip-2024.04 Configuration
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty }
submenus ----). Highlighted letters are hotkeys. Pressing <¥Y=

selects a feature, while <N> excludes a feature. Press <Esc»<Esc> tr
exit, <?> for Help, </> for Search. Legend: [*] feature is select

|| Target options --->)

Toolchain --->

Build options ---»

System configuration --->

Kernel --->

Target packages ---= )

Filesystem images ---=> 1
Bootloaders --->

Host utilities --->

Legacy config options --->

1(+)

<Select> < Exit > < Help > < Save >
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Buildroot vs Legacy

Legacy

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

Buildroot [

VS

Compiler
Bootstarp

U-Boot
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[ Configure Buildroot ]

[ Build Buildroot ]
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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.

user@VM: ~/Linux4MCHP/buildroot-mchp

Buildroot linux4microchip-2024.04 Configuration
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=
selects a feature, while <N> excludes a feature. Press <Esc><Esc> to
exit, <?> for Help, </> for Search. Legend: [*] feature is selected

|| Target options --->|

Toolchain --->

Build options ---=

System configuration ---=
Kernel ---=>

Target packages ---=
Filesystem images ---=
Bootloaders --->

Host utilities ---=>

Legacy config options ---=

L(+)

<Select> < Help > < Save > < Load >
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Labl — Prepare Buildroot
and First Build
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Labl — 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.
Install the dependencies of Buildroot.

Clone Buildroot source from GitHub repository.

Switch Buildroot source branch.

Modify the configuration.

To start the build process.

Check the output files. Let's go '
[

Flash OS images to SD card and boot.

0 NO U A WD
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Labl — Prepare Buildroot and First Build
Step 1

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

user@LNX1001: ~

Welcome to Ubuntu 24.84.2 LTS (GNU/Linux 6.6.87.2-microsoft-standard-WSL2 x86_64)

* Documentation: https://help.ubuntu.com
* Management: https://landscape.canonical.com
* Support: https://ubuntu.com/pro

’. System information as of Wed Aug 6 1U:37:86 CST 2825
System load: 6.0 Processes:

Usage of /: 3.2% of 1006.85GB  Users logged in:

Memory usage:

Swap usage:

* Strictly confined Kubernetes makes edge and IoT secure. Learn how MicroK8s

just raised the bar for easy, resilient and secure K8s cluster deployment.

https://ubuntu.com/engage/secure-kubernetes-at-the-edge

\o

Ubuntu-24.04

This message is shown once a day. To disable it please create the
/home/user/.hushlogin file.
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https://learn.microsoft.com/en-us/windows/wsl/install

Labl — Prepare Buildroot and First Build

Step 2

* |Install the dependencies of Buildroot for Host Linux system.

user@LNX1001: ~

user@LNX1001:~$ |

: $ sudo apt update
: $ sudo apt -y install build-essential gcc-arm-linux-gnueabi libssl-dev libncurses-dev git

: % sudo apt -y install subversion build-essential bison flex gettext \
libncurses5-dev texinfo autoconf automake libtool mercurial git-core \
gperft gawk expat curl cvs libexpat-dev bzr unzip bc python3-dev \

wget cpio rsync xxd bmap-tools
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Labl — Prepare Buildroot and First Build
Step 3

* Clone Buildroot source from GitHub repository.

user@LNX1001: ~

user@LNX1001:~$ |

: $ mkdir ~/Linux4MCHP

: $ cd ~/Linux4MCHP/

: $ git clone https://github.com/linux4microchip/buildroot-mchp.git

: $ git clone https://github.com/linux4microchip/buildroot-external-microchip.git
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Labl — Prepare Buildroot and First Build
Step 4

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

user@LNX1001: ~

user@LNX1001:~$ |

: $ cd ~/Linux4MCHP/buildroot-mchp/
: $ git tag | grep linuxdmicrochip
: $ git checkout linux4microchip- -b buildroot-at91-linux4microchip-

: $ cd ~/Linux4MCHP/buildroot-external-microchip/
: $ git tag | grep linuxdmicrochip
: $ git checkout linux4microchip- -b buildroot-external-microchip-linux4microchip-
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Labl — Prepare Buildroot and First Build
Step 5

* Modify the configuration with BR2-External Project.
(Default configuration for SAM9X60 Curiosity Board with graphics)

user@LNX1001: ~

user@LNX1001:~$ |

: $ 1s ~/Linux4MCHP/buildroot-external-microchip/configs/ | grep sam9x60 curiosity
: $ cd ~/Linux4MCHP/buildroot-mchp/
:$ BR2_EXTERNAL=. ./buildroot-external-microchip/ make sam9x60_curiosity graphics_defconfig

@ MICROCHIP



Labl — Prepare Buildroot and First Build
Step 6

e To start the build process.

user@LNX1001: ~

user@LNX1001:~$ |
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Labl — Prepare Buildroot and First Build
Step 7

* Check the output files in the BuildRoot directory.

user@LNX1001: ~

user@LNX1001:~$ |

: $ 1s ~/Linux4MCHP/buildroot-mchp/output
: $1s -1 ~/Linux4MCHP/buildroot-mchp/output/images
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Labl — 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)

- a
sdcard.img @ balenaktche

=)

~/Linux4VICHP/buildreoot-mchp/output/images/sdcard.img I
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Tera Term: Additional settings

[ [ [
La b I - P re a re B u I I d ro ot a n d F I rst B u I I d General Control Sequence Copy and Paste Visual Log Cygwin
Font Theme Keyboard Mouse TCP/IP Terminal Serial port

Step 9

Port: COMB84: USB Ser
Data: 8 bit v
Parity: none

* Connect the Debug port of EVB and Tera Term. ( Baud Rat€’/ Spéed : 115200 )

Hobby Kit

(Select the COM Port that appears after the connection)

T Tera Term - [disconnected] VT — a X
File Edit Setup Centrol Window KanjiCode Help

Tera Term: New connection

(ITCR/P

Histary
Telnet
S5H 55H2
Other

AUTO

O&erial Port: COM3: USB Serial Device (COM3)

oK l Cancel Help

Ve

Encoding
Window

X
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Labl — Prepare Development Tools
Step 10 (Embedded Linux OS of EVB will be used later)

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

Welcome to the Microchip SAMSX66 CURIOSITY
Demo

sam9x60curiosity Llogin: root (automatic Login)

[root@sam9x60curiosity ~]$
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Labl — 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.

user@LNX1001: ~/LinuxkdMCH X + [
& o i ¥ COM1B - Tera Term VT — O >

$IS Ol.ltpl.ltf File Edit Setup Control Window KanjiCode Help

Yirtual Conscle Setup.

target System Initialization.

Discard unused filesystem blocks once a week.
Daily Clearnup of Temporary Directories.

1z Timer Units.

staging

$ 1ls -1 output/images/

total 1318552

=rwxr-xr-x 1 user 37072
—CWXI—XI—X user 18929
—I'WXI—XIr—Xx user 18929
-I'N-r——r—-— user 16777216 boot.vfat

i ) e user 9U3713U80 rootfs.ext2

Lrwxrwxrwx user 11 rootfs.extld -> rootfs.ext2
-rN-r——r—— user U25656320

—I'WXI—XIr—Xx user 18929

-ri-r-—r-- user 563166l sam9x60_curiosity.itb
-rw-r-—-r-- user 2853 sam9x60_curiosity.its
—-Iri-r--r—- user 1868 sam9x60@_curiosity_pda5.dtbo
-rN-r——I— user 1534 sam9x60_curiosity_wilc3000.dtbo
-ri—-r——r-- user 961544192 sdcard.img

-I'N-r——r—-— user 158952 u-boot.bin

—CWXI—XI—X user 16384

-rw-r——r—— user 5585520 zImage

OpenSSH Server Socket--temd-ssh-generator, AF INIX Local).
Hostname Service Socket.
Socket Units.
Basic Swstem.
: Bus System Message Bus
‘ted Hardware RNG Fnt ropy Gatherer Daemon.

Serlal Getty on tt¥30,
target Login Prompts.

RFRRRRRRRERRRERRRBERR
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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.

arch/
linux/
fs/
package/
di/
configs/
board/
output/
others

Key Directories in the Source Tree:

: configuration scripts for various CPU architectures such as ARM, MIPS, etc.
: automated build scripts for the Linux kernel.

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

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

: downloaded source code packages and application archives.

: configuration parameters for development boards.

: board-specific configuration.

: output files from the build process.
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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 "dI/" 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.
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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 e
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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@LNX1001: ~

user@LNX1001:~$ |

: $ cd ~/Linux4MCHP/buildroot-mchp
: $ make menuconfig

@ MICROCHIP

© 2025 Microchip Technology Inc. and its subsidiaries



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 K|t) Welcome to the Microchip SAMIX6@ Hobby Kit

sam9x60hobby login:

System banner -
user@VM: ~/Linux4MCHP/buildroot-mchp a x ?}eizetenzﬁr 2 izringbv?lue:tUse the <TAB> key to move from the input
ie o the buttons below it.

-
>)
|we1come to the Microchip SAM9X60 Hobby KitDI ]

System configuration
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=
selects a feature, while <N> excludes a feature. Press <Esc=<Esc> to
exit, <?> for Help, </= for Search. Legend: [*] feature is selected

Root FS skeleton (default target skeleton) ---= System configuration 7
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=>

Passwords encodilng selects a feature, while <N> excludes a feature. Press <Esc><Esc> to

Init system (systemd) ---> exit, <?> for Help, </> for Search. Legend: [*] feature is selected

[*] trigger systemd-tmpfiles during build
(multi-user.target) The default unit systemd starts at bootup Root FS skeleton (default target skeleton) --->

**%% [dev management using udev (from systemd) ***
(S(BR2_EXTERNAL MCHP_PATH)/system/device table.txt) Path to the p
[ ] support extended attributes in device tables

Passwords encoding

1(+) - c ; R AT Init system (systemd) --->
4 Blect anad Press [e 2\
= ‘ Selectiana BressEknter 252 [*] trigger systemd-tmpfiles during build
I < Exit > < Help > < Save > < Load > (multi-user.target) The default unit systemd starts at bootup
***% [dev management using udev (from systemd) **%*

(S(BR2_EXTERNAL_MCHP_PATH)/system/device table.txt) Path to the p
[ ] support extended attributes in device tables

- H(#)
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Lab2 — Modify the Configuration of Buildroot and Rebuild

Step 1.3

* Modify the System Hostname for SAM9X60 Hobby Kit.
(SamQXGO_CuriOSity 9 sam9x60_hobby) Welcome to the Microchip SAM9X60 Hobby Kit

sam9x60hobby login:
System hostname

Please enter a string value. Use the <TAB> key to move from the input

user@VM: ~/Linux4MCHP/buildroot-mchp
field to the buttons below it.

-2

—
Isam9x60_h0bbﬂ]l

System configuration
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=
selects a feature, while <N> excludes a feature. Press <Esc=<Esc> to
exit, <?> for Help, </= for Search. Legend: [*] feature is selected

Root FS skeleton (default target skeleton) ---= System configuration .
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
o the M RIOSITY Demo) System banner submenus ----). Highlighted letters are hotkeys. Pressing <Y>
Passwords encoding (sha-256) ---= selects a feature, while <N> excludes a feature. Press <Esc><Esc> to
Init system (systemd) ---> exit, <?> for Help, </> for Search. Legend: [*] feature is selected

[*] trigger systemd-tmpfiles during build
(multi-user.target) The default unit systemd starts at bootup

**%% [dev management using udev (from systemd) ***
(S(BR2_EXTERNAL MCHP_PATH)/system/device table.txt) Path to the p

grget skeleton) --->

(sEn9x60_hobby) ystem hostname

Welcome to the Microchip SAM9X6® CURIOSITY Demo) System banner

[ ] support extended attributes in device tables Passwords encoding (sha-256) --->
1(+) - c ; R AT Init system (systemd) ---=
4 Blect ana Press [E 2\
— ‘ Selectiand bressEEnter REY [*] trigger systemd-tmpfiles during build
I < Exit > < Help > < Save > < Load > (multi-user.target) The default unit systemd starts at bootup
*%% [dev management using udev (from systemd) ***

($(BR2_EXTERNAL_MCHP_PATH)/system/device table.txt) Path to the p
[ ] support extended attributes in device tables
5 1(+)
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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.

user@VM: ~/Linux4MCHP/buildroot-mchp

Buildroot linuxd4microchip-2024.04 Configuration

Arrow keys navigate the menu.

<Enter> selects submenus ---> (or empty

submenus ----). Highlighted letters are hotkeys. Pressing <Y=
selects a feature, while <N> excludes a feature. Press <Esc=<Esc> to
exit, <?> for Help, </= for Search. Legend: [*] feature is selected

|| Target options --->)

Toolchain --->

Build options ---=
System configuration
Kernel ---=>

Target packages ---=>

Bootloaders ---=
Host utilities ---=
Legacy config options

()

-

Filesystem images ---=

-

user@VM: ~/Linux4MCHP/buildroot-mchp

Do you wish to save your new configuration?

(Press <ESC><ESC> to continue Buildroot configuration.)
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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)

at91-sam9x60_curiosity.dts - Visual Studio Code 5 e &
. = . ar T its = f i oo _ . . . . .
Q Files { arch 2ar boot / dts / microchip fe] > & © File Edit Selection View Go Run Terminal Help
* Starred
) at91rm9200_pqfp.dtsi uild » lin arc
{ai Home — (GPL-2.0+ OR MIT)
[£) Documents at91-sam9_l9260.dtb

= at91-sam9x60 curiosity.dts - Device Tree file for Microchip SAM9X60 Curiosity board
{ Downloads ) ) _ ) R
at91-sam9_19260.dks * Copyright Microchip Technology Inc. and its subsidiaries
J1 Music s

icrochip. com=

Cldinnes at91-sam9x60_curiosity.dtb

B videos I | = | at91-sam9x60_curiosity.dts 12.5kB 24 May 2024 ¥ I
i Trash
at91-sam9x60ek.dtb /
+ Other Locations model "Mi

at91-samox60ek.dts compatible nic =& y", "microchip,sam9x6€", "atmel,at91sam9";

alia
akt91-sam9x75_curiosity.dtb

at91-sam9x75_curiosity.dts
“at91-sam9x60_curiosity.dts” selected (12.5 kB)

: $§ 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)

at91-sam9x60_curiosity.dts - Visual Studio Code

File Edit Selection View Go Run Terminal Help

7 GPIO

gpios = pioD 19 GPIO ACTIVE HIC

}:

led-blue {
1 L "b ;
gpios pioD 21 GPIO ACTIVE HIGH
linux,default-trigger = "heartbeat";
};

@ at91-sam9x60_curiosity.dts - Visual Studio Code

File Edit Selection View Go Run Terminal Help

) 17 GPIO ACTIVE HIG

pioD 19 GPIO ACTIVE HIGH
default-trigger = "heartbeat";

) 21 GPIO ACTIVE HIG
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Lab2 — Modify the Configuration of Buildroot and Rebuild

Step 2.3 Lo
o2 1 Sw2 \
< USER_BUTTON_1 PD3 } —_—
* Modify the User-Button pin for Hobby Kit. Lo [,15 04 o
(PA29 - PD3) Hobby Kit L™ oo
@ at91-sam9x60_curiosity.dts - Visual Studio Code n = &

at91-sam9x60_curiosity.dts - Visual Studio Code = =) ¢

File Edit Selection View Go Run Terminal Help File Edit Selection View Go Run Terminal Help

= "gpio-

gpio default=;

gpic default=;

"PB_USER";
tpioD 3 GPIO ACTIVE LOW-;
Y _PROG1>;

at91-sam9x60_curiosity.dts - Visual Studio Code n (=) & @ at91-sam9x60_curiosity.dts - Visual Studio Code N (=

File Edit Selection View Go Run Terminal Help File Edit Selection View Go Run Terminal Help

¢ gpio default: pinctrl

gpio default: pinctrl-k pio { p ey
atmel,pins = <AT91 PIOA 29 AT91 PERIPH GPIO AT91 PINCTRL NONE=; d‘tmel pins = <AT91 PIOD 3 AT91 PERIPH GPIU AT91 PINCTRL_NONE>;
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Lab2 — Modify the Configuration of Buildroot and Rebu

Step 2.4

* Modify the Device-Tree-Source to create SPI node.

/

(Create the nodes for Flexcom 5, SPI 5 and SPI Device 0)

@ at91-sam9x60_curiosity.dts - Visual Studio Code n =) &

\

— mikroBUS —
anc_cq3 pe14 || an puv || pB13 PuM_cn3
Reset E RST INT ? PB18 ADC_TRG.
spI_ncs paes | @] cs rx | @] pcet usarT_Rx
spI_sck pa23 | @] scx % | @] Ppceo usarT_1x
sp1_miso pa21 | @ miso scL | @] pae1 12¢_scL
SPI_MOSI PA22 ‘ MOST soA | @] Paee 12c_spa
@] :3.3v +sv | @] power
K Ground . GND GND . Ground /

@ at91-sam9x60_curiosity.dts - Visual Studio Code

File Edit Selection View Go Run Terminal Help File Edit Selection View Go Run Terminal Help

216 |flxs {
atmel, flexcom-mode = <ATMEL FLEXCOM MODE SPI>;
status = "okay";

spi5: spi@400 {
dmas = <0>, <0>;
pinctrl-names "default";
pinctrl-8 = <&pinctrl_flx5 default>;
status = "okay";

spidev@e {
compatible = "rohm,dh2228fv";

spi-max-frequency = <1000808=>;

ki

wi {

- 91 PERIPH A 1 PINCTRL PULL UP
AT91 PIOA 1 AT91 PERIPH A AT91 PINCTRL PULL UP=;

};

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>;

T

L

@ MICROCHIP



Lab2 — Modify the Configuration of Buildroot and Rebuild

Step 2.5

* Modify the Device-Tree-Source for SD Card Detect.

(PA25 - PD2)

at91-sam9x60_curiosity.dts - Visual Studio Code

File Edit Selection View Go Run Terminal Help

pinctr

pinctrl-eo <&pinctrl sdmmc® default &pinctrl sdmmc@ c
cd-gpios &pioA 25 GPIO ACTIVE LOW

disak

status ay";

&pinctrl {
sdm
pinctrl sdmmc® default: sdmm
atmel,p

PIOA 17 AT91 PERIPH A
PIOA PERIPH 91 PINCTRL PULL UP
PIOA AT91 PERIPH 91 PINCTRL PULL UP
PIOA 1¢ PERIPH 91 PINCTRL PULL UP
PIOA 19 PERIPH (AT91 PINCTRL PULL UP
PIOA ) PERIPH A (AT91 PINCTRL PULL UP

};

pinctrl_sdmmc d: sdmm 1 {
atme
25 AT91 PERIPH GPIO AT91 PINCTRL_NONE

PINCTRL DRIVE STRENGTH HI)

AT91
AT91
AT91
AT91
AT91

File Edit Selection View Go Run Terminal Help

&pinctrl {

sdm

SDMMCO0

Hobby Kit

|
SDMMCO_DATO_PA15 -
SDMMCO_DATL PA18 .
SDMMCO_DAT2_PA19 E
T
|
|
|
|

SDMMCO_DAT3_PA20

SDMMCO_CK_PA17 F————

SDMMCO_CMD_PA16 T
|

I < SDMMCO0_CD_PD2/PA25 kli

@ at91-sam9x60_curiosity.dts - Visual Studio Code - o x

<&pinctrl sdmmcO default
<&pioD 2 GPIO_ACTIVE LOW:

"
{
pinctrl sdmmc® default: sdmmc@
atmel, pin

<AT91 AT91 PERIPH A (AT91 PINCTRL DRIVE STRENGTH HI)
AT91 PERIPH 91 PINCTRL PULL UP AT91 NCTRL DRIVE STRE
AT91 PERIPH (AT91 PINCTRL PULL L T91
AT91 8 A PERIPH 91 PINCTRL PULL L T91
AT91 19 PERIPH (AT91 PINCTRL PULL L T91
AT91 20 PERIPH A (AT91 PINCTRL PULL AT91

};

pinctrl sdmmc
atmel, pin
<AT91 PIOD 2 AT91 PERIPH GPIO AT91 PINCTRL_NONE=>;
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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@LNX1001: ~

user@LNX1001:~$ |

: $ cd ~/Linux4MCHP/buildroot-mchp
: $ make linux-rebuild

: $ make dt-overlay-mchp-rebuild

: $ make

: $1s -1 ./output/images

@ MICROCHIP
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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)

S

W;zy!‘_‘.‘; .
im B Hobby Kit
: & J
sdcard.img © balenaEtche

L ~/Linux4MCHP/buildroot-mchp/output/images/sdcard.img
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Lab2 — Modify the Configuration of Buildroot and Rebuild
Step 5.1

e Check the modified part in the Embedded Linux System.

YT

Tera Term = O >

File Edit 5Setup Contrel Window KanjiCode Help

# 1s /proc/device-tree/leds/led-blue/
gpios label name
# 1s /proc/device-tree/leds/led-green/

gpios linux,default-trigger
label name

7 GPIO ACTIVE HIGH=;

# cat /proc/device-tree/leds/led-green/linux,default-trigger
heartbeat#

19 GPIO ACTIVE HIGH=;

ux,default-trigger = "heartbeat";

?1 GPI0 ACTIVE HIGH=;
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Lab2 — Modify the Configuration of Buildroot and Rebuild
Step 5.2

e Check the modified part in the Embedded Linux System.

File Edit Setup Control Window KanjiCode Help

# reboot
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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. % coua-Te Tem1 S o«

File Edit 5etu Control  Window  KanjiCode  Help

z ¥irtual Console Setup...
Enable Persistent Storage in systemd-networkd
Yirtual Console Setup.
get Svstem Initialization.
Discard unused filesystem blocks once a week.
ily Cleanup of Temporary Directories.

user@LNX1001: ~/LinukdMCH X 1= |

$ 1s output/

staging
] $ 1s -1 output/images/
total 1318552
=rwxr-xr-x 1 user 37072
—CWXI—XI—X user 18929
—I'WXI—XIr—Xx user 18929
-I'N-r——r—-— user 16777216 boot.vfat
i ) e user 9U3713U80 rootfs.ext2
Lrwxrwxrwx user 11 rootfs.extld -> rootfs.ext2
-rN-r——r—— user U25656320
—I'WXI—XIr—Xx user 18929
-ri-r-—r-- user 563166l sam9x60_curiosity.itb
-rw-r-—-r-- user 2853 sam9x60_curiosity.its
—-Iri-r--r—- user 1868 sam9x60@_curiosity_pda5.dtbo
-rN-r——I— user 1534 sam9x60_curiosity_wilc3000.dtbo
-ri—-r——r-- user 961544192 sdcard.img
-I'N-r——r—-— user 158952 u-boot.bin
—CWXI—XI—X user 16384
-rw-r——r—— user 5585520 zImage

ted Hardware RNG Ent ropy Gatherer Daemon.
1 1 Serlal Getty on tt¥30,
get Login Prompts.

— e | NN [ | SN | N | N | | MU | SO | S | N— S_—

RFRRRRRRRERRRERRRBERR
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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 Buildroot External

Config é'}:' 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 :

: $ cd ~/Linux4MCHP/buildroot-mchp/
:$ BR2_EXTERNAL=../buildroot-external-microchip/ make sam9x60_curiosity graphics_defconfig

: $ make
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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. L t’ '
7. Rebuild the Buildroot with BR2-External Project for Hobby Kit. e S go o
8. Flash OS images to SD card.
9. Check the modified part in the Embedded Linux System.

@ MICROCHIP



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

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

user@LNX1001: ~

user@LNX1001:~$ |

: $ cd ~/Linux4MCHP/buildroot-external-microchip/
: $ cp -r board/microchip/sam9x60_curiosity/ board/microchip/sam9x60_ hobby/
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Modify the configuration
of 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 2.1

* 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)

genimage.cfg - Visual Studio Code - ® genimage.cfg - Visual Studio Code -

File Edit Selection View Go Run Terminal Help File Edit Selection View Go Run Terminal Help

image boot.vfat {
vfat {

file uboot.env

file uboot.env
= = "uboot-env.bin

= 16M = 16M

image sdcard.img { image sdcard-hobby.img {
hdimage { 1

: $ code ~/Linux4MCHP/buildroot-external-microchip/board/microchip/sam9x60_hobby/genimage.
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot

Step 2.2

* Change the "uboot-env.txt" content for Hobby Kit.
(Use GUI or Command to open the file with Visual Studio Code)

uboot-env.txt- Visual Studio Code N @ & @ uboot-env.txt- Visual Studio Code

File Edit Selection View Go Run Terminal Help File Edit Selection View Go Run Terminal Help

ame=sam9x60 hobby
1suL
n at9l at91 pda detect;
fatload m ${loadaddr} dn

pda43e

pda430ltes - i
pdad3e est=test -n $di
pda5000tes - is

11

~/Linux4MCHP/buildroot-extern i crochip/sam9x60_hobby/uboot-env.txt

video mode 3
) - §{
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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

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

user@LNX1001: ~

user@LNX1001:~$ |

: $ cd ~/Linux4MCHP/buildroot-external-microchip/board/microchip/sam9x60_hobby

: $ mkdir -p dts/linux/microchip/

: $ cp ~/Linux4MCHP/buildroot-mchp/output/build/1linux-custom/arch/arm/boot/dts/microchip/at91-
sam9x60_curiosity.dts dts/linux/microchip/at91-sam9x60_hobby.dts
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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@LNX1001: ~

user@LNX1001:~$ |

: $ cd ~/Linux4MCHP/buildroot-mchp
: $ make menuconfig

@ MICROCHIP
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot
Step 4.2

e Check the Login Welcome Message for SAM9X60 Hobby Kit.
(SAM9X60 CURIOSITY Demo - SAM9X60 Hobby Kit) Welcome to the Microchip SAMIX6@ Hobby Kit

sam9x60hobby login:

System banner -
Please enter a string value. Use the <TAB> key to move from the input
field to the buttons below it.

user@VM: ~/Linux4MCHP/buildroot-mchp

-
>)
|we1come to the Microchip SAM9X60 Hobby KitDI ]

System configuration
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=
selects a feature, while <N> excludes a feature. Press <Esc=<Esc> to
exit, <?> for Help, </= for Search. Legend: [*] feature is selected

Root FS skeleton (default target skeleton) ---= System configuration 7
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=>

Passwords encodilng selects a feature, while <N> excludes a feature. Press <Esc><Esc> to

Init system (systemd) ---> exit, <?> for Help, </> for Search. Legend: [*] feature is selected

[*] trigger systemd-tmpfiles during build
(multi-user.target) The default unit systemd starts at bootup Root FS skeleton (default target skeleton) --->

**%% [dev management using udev (from systemd) ***
(S(BR2_EXTERNAL MCHP_PATH)/system/device table.txt) Path to the p
[ ] support extended attributes in device tables

Passwords encoding

1(+) - c ; R AT Init system (systemd) --->
4 Blect anad Press [e 2\
= ‘ Selectiana BressEknter 252 [*] trigger systemd-tmpfiles during build
I < Exit > < Help > < Save > < Load > (multi-user.target) The default unit systemd starts at bootup
***% [dev management using udev (from systemd) **%*

(S(BR2_EXTERNAL_MCHP_PATH)/system/device table.txt) Path to the p
[ ] support extended attributes in device tables

- H(#)
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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) Welcome to the Microchip SAMOX6® Hobby Kit
sam9x60hobby login:

System hostname
Please enter a string value. Use the <TAB> key to move from the input
field to the buttons below it.

)
Isam9x60_h0bbﬂ]l

user@VM: ~/Linux4MCHP/buildroot-mchp

—

System configuration
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=
selects a feature, while <N> excludes a feature. Press <Esc=<Esc> to
exit, <?> for Help, </= for Search. Legend: [*] feature is selected

Root FS skeleton (default target skeleton) ---= System configuration .
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
o the M RIOSITY Demo) System banner submenus ----). Highlighted letters are hotkeys. Pressing <Y>
Passwords encoding (sha-256) ---= selects a feature, while <N> excludes a feature. Press <Esc><Esc> to
Init system (systemd) ---> exit, <?> for Help, </> for Search. Legend: [*] feature is selected

[*] trigger systemd-tmpfiles during build
(multi-user.target) The default unit systemd starts at bootup

**%% [dev management using udev (from systemd) ***
(S(BR2_EXTERNAL MCHP_PATH)/system/device table.txt) Path to the p

(sEn9x60_hobby) ystem hostname

Welcome to the Microchip SAM9X6® CURIOSITY Demo) System banner

grget skeleton) --->

[ 1 support extended attributes in device tables Passwords encoding (sha-256) --->
1(+) - c ; R AT Init system (systemd) ---=
4 Blect ana Press [E 2\
— ‘ Selectiand bressEEnter REY [*] trigger systemd-tmpfiles during build
I < Exit > < Help > < Save > < Load > (multi-user.target) The default unit systemd starts at bootup

*%% [dev management using udev (from systemd) ***
($(BR2_EXTERNAL_MCHP_PATH)/system/device table.txt) Path to the p
[ ] support extended attributes in device tables
5 1(+)
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot
Step 4.4

* Modify the Generate Image Scripts Location for SAM9X60 Hobby Kit.
(-c S(BR2_EXTERNAL_MCHP_PATH)/board/microchip/sam9x60 hobby/genimage.cfg)

Please enter a string value. Use the <TAB> key to move from the input

user@VM: ~/Linux4MCHP/buildroot-mchp
field to the buttons below it.

S(BR2_EXTERNAL_ MCHP_PATH)/board/microchip/sam9x60_ hobby/genimage.cf
System configuration

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty

submenus ----). Highlighted letters are hotkeys. Pressing <Y=

selects a feature, while <N> excludes a feature. Press <Esc=<Esc> to

exit, <?> for Help, </= for Search. Legend: [*] feature is selected

T(-)
-*- Install timezone info System configuration 7
(default) timezone list Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
(Etc/UTC) default local time submenus ----). Highlighted letters are hotkeys. Pressing <Y>
() Path to the users tables selects a feature, while <N> excludes a feature. Press <Esc><Esc> to
($(BR2_EXTERNAL_MCHP_PATH) /board/microchip/sama5/fs-overlay/ $(BR exit, <?> for Help, </> for Search. Legend: [*] feature is selected
() Custom scripts to run before commencing the build t(-)
(S(BR2_EXTERNAL_MCHP_PATH) /board/microchip/at91/post_build.sh $(B -*. Install timezone info
() Custom scripts to run inside the fakeroot environment (default) timezone list

i i o ip o_run afte Tl (Etc/UTC) default local time

)/board/microchip/sam9x60_curiosity/g () Path to the users tables

7/ I Select HIJCJF)fESJJJEIJEEf”JCEY ($(BR2_EXTERNAP_HCHP_PATH)fboardfmicroch?pfsamanf§—overlayf S(BR
= () Custom scripts to run before commencing the build
| < Exit > < Help > < Save > ($(BR2_EXTERNAL_MCHP_PATH) /board/microchip/at91/post_build.sh $(B

() Custom scripts to run inside the fakeroot environment

() [T [] () [ 4 - 4 ! [
l-lc $(BR2_EXTERNAL_MCHP_PATH)/board/microchip/sam9x60_hobby/genin|
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot

Step 4.5

* Modify the U-boot Environment Variables Source Location for SAM9X60 Hobby Kit.
(S(BR2_EXTERNAL_MCHP_PATH)/board/microchip/sam9x60 hobby/uboot-env.txt)

user@VM: ~/Linux4MCHP/buildroot-mchp

Host utilities

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=
selects a feature, while <N> excludes a feature. Press <Esc=<Esc> to
exit, <?> for Help, </= for Search. Legend: [*] feature is selected

T(-)
[ Flattened Image Tree (FIT) support
[ ] FIT signature verification support

environment
Environment has two copies
Generate a U-Boot boot script
-*- host util-linux
[ ] host utp_com
[ ] host uuu
nre

1 - ~ . \
il 2) ['Selectand Press Enterskey.

II < Exit > < Help > < Save >

< Load >

Source files for environment .
Please enter a string value. Use the <TAB> key to move from the input
field to the buttons below it.

-
>)
I_EXTERNAL_HCHP_PATH)fboard_fmicrochipfsam9x6€l_h0bbyfub00t—env.txlﬂ I]

Host utilities .
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y>
selects a feature, while <N> excludes a feature. Press <Esc><Esc> to
exit, <?> for Help, </> for Search. Legend: [*] feature 1s selected

1(-)
[*] Flattened Image Tree (FIT) support
[] FIT signature verification support

1 Environment has two copies
1 Generate a U-Boot boot script
- host util-linux
] host utp_com
] host uuu

+
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot

Step 4.6

* Modify the Device-Tree-Source File Name for SAM9X60 Hobby Kit for Next Step.
(microchip/at91-sam9x60_curiosity = microchip/at91-sam9x60_hobby)

user@VM: ~/Linux4MCHP/buildroot-mchp

Kernel

Arrow keys navigate the menu.

<Enter> selects submenus ---> (or empty

submenus ----). Highlighted letters are hotkeys.
selects a feature, while <N> excludes a feature.

Pressing <Y=
Press <Esc><Esc> to

exit, <?= for Help, </= for Search.

Legend:

[*] feature is selected

T(-)

(5(BR2_EXTERNAL_MCHP_PATH) /board/microchip/sam9x/1linux.config) Co
@) Additional configuration fragment files

) Custom boot logo file path

Kernel binary format (zImage) ---=
Kernel compression format (gzip compression) --->
Build a Device Tree Blob (DTB

s
Keep the directory name of the Device Tree

e

2) ['Select'andPress “Enter” Key.

B IR

< Help = < Save > < Load >

-2
-

Please enter a string value. Use the <TAB> key to move from the input

field to the buttons below it.

Imicrochip/at91-sam9x60_hobby I

41
-
|| < Help >

Kernel .
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=

selects a feature, while <N> excludes a feature. Press <Esc><Esc> to
exit, <?> for Help, </> for Search. Legend: [*] feature is selected

1(-)

($(BR2_EXTERNAL_MCHP_PATH)/board/microchip/sam9x/1inux.config) Co

() Additional configuration fragment files
() Custom boot logo file path

Kernel binary format (zImage) --->

Kernel compression format (gzip compression) ---=>
[ Build a Device Tree Blob (DTB

(microchip/at91-sam9x60_hobby) In-tree Device Tree Source file names

Out-of-tree Device Tree Source t1le paths
Keep the directory name of the Device Tree
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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.
(S(BR2_EXTERNAL_MCHP_PATH)/board/microchip/sam9x60_hobby/dts/linux)

Out—of-tree Device Tree Source overlay directories
Please enter a string value. Use the <TAB> key to move from the input
field to the buttons below it.

user@VM: ~/Linux4MCHP/buildroot-mchp

-2

-
l$(BRZ_EXTERNAL_HCHP_PATH)/board/micrachip/samgx6@_habby/dts/1inux I|

Kernel
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=
selects a feature, while <N> excludes a feature. Press <Esc><Esc> to < Help =
exit, <?> for Help, </= for Search. Legend: [*] feature is selected
T(-)
O Custom boot logo file path Kernel
Kernel binary format (zImage) --—> Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
Kernel compression format (gzip compression) -—-> submenus ----). Highlighted letters are hotkeys. Pressing <Y>
[*] Build a Device Tree Blob (DTB) selects a feature, while <N> excludes a feature. Press <Esc><Esc> to
[] DTB is built by kernel itself exit, <?> for Help, </> for Search. Legend: [*] feature is selected
(microchip/at91-sam9x60_hobby) In-tree Device Tree Source file nam 1(-)
() In-tree Device Tree Overlay file names ($(BR2_EXTERNAL_MCHP_PATH) /board/microchip/sam9x60/at91_dt . fragm
O Custom boot logo file path
Hernel binary format (zImage) --—>
Hernel compression format (gzip compression) --—>
Selectiand Press SEnter=key. | [*] Build a Device Tree Blob (DTB)
I [1] DTB is built by kernel itself
e elect>| < Exit > < felp > < Save > (microchip/at91-sam9x60_hobby) In-tree Device Tree Source file ni
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot
Step 4.8

* Modify the Platform Name of dt-overlay-mchp for SAM9X60 Hobby Kit.
(sam9x60_curiosity - sam9x60_hobby)

platform name .
user@VM: ~/Linux4MCHP/buildroot-mchp Q x ﬁleize entEr 2 stringbv?lue. Use the <TAB> key to move from the input
ie to the buttons below it.

S
Isam9x60_h0bb9l
External options

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty

submenus ----). Highlighted letters are hotkeys. Pressing <Y= 4 -
selects a feature, while <N> excludes a feature. Press <Esc><Esc> to Inl < Help >

exit, <?> for Help, </= for Search. Legend: [*] feature is selected

*%% MCHP (in /home/user/Linux4MCHP/buildroot-external-microch External options n

Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=>
selects a feature, while <N> excludes a feature. Press <Esc><Esc> to
exit, <?> for Help, </= for Search. Legend: [*] feature is selected

output (FIT 1mage
[ 1 91-decoder
[ ] gstl-at91

[*] Llibplanes **% MCHP (in /home/user/Linux4MCHP/buildroot-external-microch

*

[*]1 1Install examples

[ 1 ptc_examples |(lskhmox
[*] python-mpio FIT 1mage
e 2) ['Select'andPress “Enter” key. [ 1 g1-decoder

= . [ 1 gst1-at91
II < Exit > < Help> < Save > < Load > [*] libplanes
[*] Install examples
[ ] ptc_examples
[*] python-mpio
5 1(+)
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot
Step 4.9

* Modify the Patches Location in Buildroot External.
($(BR2_EXTERNAL_MCHP_PATH)/patches S(BR2_EXTERNAL _MCHP_PATH)/board/microchip/sam9x60_hobby/patches)

user@VM: ~/Linux4MCHP/buildroot-mchp

Build options
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=
selects a feature, while <N> excludes a feature. Press <Esc><Esc> to
exit, <?> for Help, </= for Search. Legend: [*] feature is selected
T(-)
gcc optimization level (optimize for fast (may break packages
[ ] build packages with link-time optimisation
[ ] Enable google-breakpad support
libraries (shared only) —--x

[ ] Build Y2038-ready code
*** Security Hardening Options ***
-*. Build code with PIC/PIE

1(+) )

1)

| Select and Press

|| < Exit > < Help >

lobal b | hash di 5
Please enter a string value. Use the <TAB> key to move from the input
field to the buttons below it.

-2

=)
Iches S(BR2_EXTERNAL_HCHP_PATH)fboardfmicrochipfsam9x60_h0bbyfpatcheﬂl|

Build options .
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty
submenus ----). Highlighted letters are hotkeys. Pressing <Y=>
selects a feature, while <N> excludes a feature. Press <Esc><Esc> to
exit, <?> for Help, </> for Search. Legend: [*] feature 1s selected
T(-)
gcc optimization level (optimize for fast (may break packages
[ 1 build packages with link-time optimisation
[ ] Enable google-breakpad support
libraries (shared only) -

[ ] Build Y2038-ready code
*%% Security Hardening Options ***
-*. Build code with PIC/PIE
> 1(+)
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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.

user@VM: ~/Linux4MCHP/buildroot-mchp

Buildroot linuxd4microchip-2024.04 Configuration

Arrow keys navigate the menu.

<Enter> selects submenus ---> (or empty

submenus ----). Highlighted letters are hotkeys. Pressing <Y=
selects a feature, while <N> excludes a feature. Press <Esc=<Esc> to
exit, <?> for Help, </= for Search. Legend: [*] feature is selected

|| Target options --->)

Toolchain --->

Build options ---=
System configuration
Kernel ---=>

Target packages ---=>

Bootloaders ---=
Host utilities ---=
Legacy config options

()

-

Filesystem images ---=

-

user@VM: ~/Linux4MCHP/buildroot-mchp

Do you wish to save your new configuration?
(Press <ESC><ESC> to continue Buildroot configuration.)
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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

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

user@LNX1001: ~

user@LNX1001:~$ |

: $ mkdir -p ~/Linux4MCHP/buildroot-external-microchip/board/microchip/samOx60 hobby/patches/dt-

(o VI E\VE el o VARTTE (i el goTel g 1o BP. 2 PS5l < Must be done before executing 'make savedefconfig'

: $ cd ~/Linux4MCHP/buildroot-mchp
: $ make savedefconfig BR2_DEFCONFIG=~/Linux4MCHP/buildroot-external-
microchip/configs/sam9x60 hobby graphics_defconfig
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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@LNX1001: ~

user@LNX1001:~$ |

: $ c¢d ~/Linux4MCHP/buildroot-mchp
: $ make dt-overlay-mchp-dirclean
: $ make dt-overlay-mchp-extract
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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@LNX1001: ~

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

: $ cd ~/Linux4MCHP/Projects/Patches/dt-overlay-mchp/
: $ git config --global user.email "you@example.com"

: $ git config --global user.name "Your Name"
: $ git init

: $ git add Makefile

: $ git add sam9x60_hobby.its

: $ git commit -m "original™

: $ git log

: $ cp sam9x60_curiosity.its sam9x60 hobby.its
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot

Step 6.3

* Modify "sam9x60 hobby.its" to create an image for Hobby Kit.
(Use GUI or Command to open the file with Visual Studio Code) - fldescriptm e Sy )

#address-cells = <1>;

5am9x60_hobby.its - Visual Studio Code N = & images {

File Edit Selection View Go Run Terminal Help
o aven ; base_fdt {
= sam9x60_hobby.it \ . .
T — - = description = "SAM9X60-Hobby Flattened Device Tree blob";
data = /incbin/("./at91-sam9x60_hobby.dtb");

} .
- &Remove fdt_pda5 and fdt_wilc3000 nodes

};

* Copyright (C) 2021 Microchip Technology Inc. and its subsidiaries

* Author: Hari Prasath G.E <Hari.PrasathGE@microchip.com= configurations {
default = "kernel_dtb";

kernel_dtb {
description = "Linux kernel and base FDT blob for SAM9X6@-Hobby board";

"Microchip SAM9X6@-Curiosity FIT Image";
5 = <1>; kernel = "kernel";

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

<Remove pda5 and wilc3000 nodes

5 (@ Restricted Mode h D UTF-8  LF - } .
5

};
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot
Step 6.4

* Modify "Makefile" to create an image for Hobby Kit.
(Use GUI or Command to open the file with Visual Studio Code)

5am9x60_hobby.its - Visual Studio Code n =) &

File Edit Selection View Go Run Terminal Help

PL-2.0+ OR I BDIR?= sam9x60_hobby ... sam9x60_curiosity ...I

* Flattened Image Tree file for S¢ Curiosity board

* Copyright (C 21 Microchip Technolegy Inc. and its subsidiaries
SAM9X60_CURIOSITY_DTBO_OBJECTS:= $(patsubst %.dtso,%.dtbo,$(wildcard
rasathGE@microchip.com> sam9x60_curiosity/* . dtSO))
SAM9X60_HOBBY_DTBO_OBJECTS:= $(patsubst %.dtso,%.dtbo,$(wildcard sam9x60_hobby/*.dtso))

ip SAM9X6@-Curiosity FIT Image";

sam9x60_curiosity_dtbos: $(SAM9X60_CURIOSITY_DTBO_OBJECTS)
images {
kernel { sam9x60_hobby_dtbos: $(SAM9X60_HOBBY_DTBO_OBJECTS)
d " Linux kernel";
nage" } ;

X | @ Restricted Mac Ln1, Col1 UTF8 LF PlainText 0

: $ code ~/Linux4MCHP/Projects/Patches/dt-overlay-mchp/Makefile
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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@LNX1001: ~

user@LNX1001:~%

: $ cd ~/Linux4MCHP/Projects/Patches/dt-overlay-mchp
: $ git add Makefile
: $ git add sam9x60 hobby.its

: $ git commit -m "hobby"

: $ git log

: $ git format-patch -1

: $ cp ./0001-hobby.patch ~/Linux4MCHP/buildroot-external-
m1croch1p/board/m1croch1p/sam9x60 hobby/patches/dt-overlay-mchp/linux4microchip-

2025.04/
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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@LNX1001: ~

user@LNX1001:~$ |

: $ cd ~/Linux4MCHP/buildroot-mchp
: $ make at9lbootstrap3-dirclean
: $ make host-uboot-tools-dirclean

: $ make uboot-dirclean

: $ make linux-dirclean

: $ make dt-overlay-mchp-dirclean

: $ make BR2_EXTERNAL=../buildroot-external-microchip/ make sam9x60 hobby graphics defconfig
: $ make

: $1s -1 ./output/images
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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)

. D R =

e
sdcard-hobby.img © balenaktche

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

e Check the modified part in the Embedded Linux System.

YT

Tera Term = (] X

File Edit Setup Control Window KanjiCode Help

# 1s /proc/device-tree/leds/led-blue/
gpios 1label name
# 1s /proc/device-tree/leds/led-green/

gpios linux,default-trigger
label name

7 GPIO ACTIVE HIGH=;

# cat /proc/device-tree/leds/led-green/linux,default-trigger ¥l ;_: RS
heartbeat# )

?1 GPIO ACTIVE HIGH=;
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot
Step 9.2

e Check the modified part in the Embedded Linux System.

File Edit Setup Control Window KanjiCode Help

# reboot
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Lab3 — Modify br2-external-tree and Rebuild the Buildroot

Result

* 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. % coua-Te Tem1 S o«

File Edit Setup Control  Window  KanjiCode  Help

Yirtual Console Setup..
Enable Persistent Storage in systemd-networkd
d ¥irtual Console Setup
et System Initialization.
Discard unused filesystem blocks once a week.
ily Cleanup of Temporary Directories.
Timer Units.
-Bus System Message Bus Socket.
OpenSSH Server Socket---temd-ssh-generator, AF_INIX Local).
1 Hostname Service Socket.
Socket Units.
Basic Swstem.
Bus System Message Bus
Hardware RNG Ent ropy Gatherer Daemon.
Serial Getty on tty30,
target Login Prompts.
OpenSSH server daemon. .
D-Bus System Message Bus.

user@LNX1001: ~/LinuxdMCH X + -

$ 1s -1 output/images/

total 1782368

—rwxr-xr-x 1 user 37072
—CWXD—XI—X user 27372
—IFWXI—XI—X user 18929
—CWXD—XI—X user 18929
-ri-r——r—— user 16777216 boot.vfat

-rw-r——r-- user 943713UB0 rootfs.ext2

Lrwxrwxrwx user 11 rootfs.extl -> rootfs.ext2
-rw-r——r—— user U25656320

—IFWXI—XI—X user 18929

-rw-r——r—— user 5631664 sam9x60_curiosity.itb
-Irw-r——r-—— user 2053 sam9x60_curiosity.its
-I-r——r—— user L1868 sam9x60_curiosity_pda5.dtbo
-ri-r——r—- user 1534 sam9x68_curiosity_wilc3080.dtbo
-I-r——r—— user 5614912 sam9x68_hobby.itb

-Ir'--r——r—- user 1219 sam9x68_hobby . its

-I-r——r—— user 961544192 sdcard-hobby . img

-Ir'--r——r—- user 9615uL192 sdcard. img

-I'-r——r—— user 158952 u-boot.bin

—CWXD—XI—X user 16384

-rw-r——r-- user 5585520 zImage

RFRPRRPRPRRPRPRPRPRRPREPRPRPRRPRRPRRPRRRER
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Use MPIO to Test Peripherals
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Microchip Peripheral 1/0 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 1/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 # python
Python 3.11.8 (main, Aug 13 2024, 15:05:30) [GCC 12.3.0] on linux

* ADC Type "help", “"copyright", "credits" or "license" for more information.
c PWM >>> from mpio import LED

) >>> green = LED("green", True)
* Serial >>> green.brightness = False
e 12C >>> green.brightness = True
* SPI
* GPIO
* Others

@ MICROCHIP


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 1/O
Python Package (MPIO) to control peripherals.

* linux4sam/mpio
* mpio.readthedocs.io

Let’s go!
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github.com/linux4sam/mpio
github.com/linux4sam/mpio
github.com/linux4sam/mpio
https://mpio.readthedocs.io/en/latest/
https://mpio.readthedocs.io/en/latest/

Tera Term: Additional settings

[ ]
Lab4 — Use MPIO to Control Peripherals: o o o o
Font Theme Keyboard Mouse TCP/IP Terminal Serial port

Step 9

Port: COMB84: USB Ser
Data: 8 bit v
Parity: none

* Connect the Debug port of EVB and Tera Term. ( Baud Rat€’/ Spéed : 115200 )

Hobby Kit

(Select the COM Port that appears after the connection)

T Tera Term - [disconnected] VT — a X
File Edit Setup Centrol Window KanjiCode Help

Tera Term: New connection

(ITCR/P

Histary
Telnet
S5H 55H2
Other

AUTO

O&erial Port: COM3: USB Serial Device (COM3)

oK l Cancel Help

Ve

Encoding
Window

X

@ MICROCHIP



Labl — Prepare Development Tools
Step 2

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

Y| Tera Term

File Edit Setup Control Window KanjiCode Help

Welcome to the Microchip SAMSX66 CURIOSITY
Demo

sam9x60curiosity Llogin: root (automatic Login)

[root@sam9x60curiosity ~]$
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Lab4 — Use MPIO to Control Peripherals
Step 3

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

1 Tera Term — O >
File Edit 51 # 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(©@).value(3))

>>> exit()

@ MICROCHIP



Lab4 — Use MPIO to Control Peripherals

Result

* Using the MPIO, you can quickly test peripheral hardware.

=1 user@VM: ~

# 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.
>>> import time
: from mpio import LED
tness = True
time.sleep(3)
green.brightness = False
from mpio import ADC
print("ADC:", ADC(0).value(3))
exit()=>> green = LED("green", True)
green.brightness = True
time.sleep(3)

green.brightness = False
from mpio import ADC
> print("ADC:", ADC(0).value(3))
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