Booting Linux™ on SAM9X60 MPU from NAND Flash :
A8\ MicrocHIP

www.microchip.com Product Pages: SAM9X60

Introduction

This document describes how to boot Linux on a SAM9X60 device from a NAND Flash memory.

The device can boot from any of the external non-volatile memories (NVM) available on the board, such as

an SD card, e. MMC, QSPI, SPI or NAND Flash memory. To boot from a NAND Flash memory, at91bootstrap,
u-boot, the Linux Kernel and the root file system must be flashed into the NAND Flash memory. This document
explains how to configure, build and program files on the SAM9X60.

Reference Documents

The following documents are available on www.microchip.com.

Table 1. Reference Documents

Data Sheet SAM9X60 DS60001579
User's Guide SAM9X60-Curiosity DS60001783


http://www.microchip.com
https://microchip.com
https://www.microchip.com/en-us/product/SAM9X60

1. Prerequisites
* Hardware:

- A host computer running Linux operating system.
Note: This technical brief's content was developed and tested on Ubuntu 22.04.4 LTS.

- SAM9X60-Curiosity board (EVA0E67A) Rev 4
- One micro-B USB cable (included in the SAM9X60-Curiosity box)
- One FTDI TTL-232R USB-to-TTL serial cable

+ Software:

This demo is based on a Linux distribution for the SAM9X60 Microchip MPU. This distribution
is built using the Buildroot build system. The first step is to set up the Buildroot development
environment.
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2. Get Buildroot for Microchip MPU

To get the source code, the buildroot-mchp and buildroot-external-microchip repositories should be
cloned. buildroot-mchp is a fork of Buildroot with a few specific patches. The external tree provides
additional defconfigs and packages dedicated to our demos.

To clone buildroot-mchp from the repository:

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

To clone buildroot-external-microchip from the repository:

$ git clone github.com/linux4microchip/buildroot-external-microchip

The source code should be pointing to the latest version of the buildroot-mchp and buildroot-
external-microchip repositories.

Q Tip: We advise you to use the same linux4microchip tag for both repositories.

Note: The buildroot-mchp and buildroot-external-microchip tree is now part of linux4microchip,
hence the tags on this repository are named linux4microchip-***,
To check out the latest version of buidlroot-mchp:

1. Navigate to the buildroot-mchp directory:
$ cd buildroot-mchp

2. Enter the following command to display the versions available in 2024
$ git tag | grep 2024

3. Check out the latest version:
$ git checkout linux4microchip-2024.04
To check out the latest version of buildroot-external-microchip:

1. Navigate to the buildroot-external-microchip directory:
$ cd ..

$ cd buildroot-external-microchip

2. Enter the following command to know the available versions in 2024:
$ git tag | grep 2024

3. Check out the latest version:
$ git checkout linux4microchip-2024.04
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3. Configure at91bootstrap
1. Navigate to the buildroot-mchp directory:

$ cd buildroot-mchp

2. Enter the following command to export the additional defconfigs and packages from the
external tree:

$ export BR2 EXTERNAL=../buildroot-external-microchip/

3. Navigate to the configs directory in the buildroot-external-microchip directory to find the
SAM9X60 Curiosity defconfig files:

$ cd
$ cd buildroot-external-microchip/configs

S 1s

at91sam9x5ek_headless_defconfig
icicle_amp_defconfig
icicle_defconfig
icicle_nand_defconfig
icicle_nor_defconfig
icicle_rootfs_defconfig
sam9x60_curiosity_graphics_defconfig
sam9x60_curiosity_headless_defconfig
sam9x60ek _graphics_defconfig
sam9x60ek headless_defconfig
sama5d27_soml_ek_graphics_defconfig
sama5d27_soml_ headless_defconfig
sama5d27_soml headless_wilc_defconfig

sama5d27_soml_ nodered_defconfig
sama5d27_soml_ optee_graphics_defconfig
sama5d27_soml_ek_optee_headless_defconfig
sama5d27_wlsoml_ek_graphics_defconfig
sama5d27_wlsoml_ek headless_defconfig

sama5d2_icp_headless_defconfig
sama5d2_ptc_ek graphics_defconfig
sama5d2_ptc_ek_headless_defconfig
sama5d2_ptc_ek nodered_defconfig
sama5d2_xplained_graphics_defconfig
sama5d2_xplained_headless_defconfig
sama5d2_xplained_nodered_defconfig
sama5d2_xplained_optee_graphics_defconfig
sama5d2_xplained_optee_headless_defconfig
sama5d3_eds_headless_defconfig
sama5d3_eds_nf_defconfig
sama5d3_xplained_graphics_defconfig
sama5d3_xplained_headless_defconfig
sama5d3_xplained_nodered_defconfig
sama5d4_xplained_graphics_defconfig
sama5d4_xplained_headless_defconfig
sama5d4_xplained_headless_wilc_defconfig
sama5d4_xplained_nodered_defconfig
sama7g5ek_headless_defconfig

From the list, note the configuration file name “sam9x60_curiosity_headless_defconfig".
5. Navigate to the buildroot-mchp directory and make the configuration files:

$ cd
$ cd buildroot-mchp

$ make sam9x60 curiosity headless defconfig
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4. Customize at91bootstrap to boot from NAND Flash

1. Enter the following command to modify the configurations:

$ make at9lbootstrap3-menuconfig
The at91bootstrap Configuration window opens.

2. Inthe menu, click Primary Operation.

at9ibootstrap Conflguration
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are hotkeys. Pressing <Y= selectes a
feature, while <N> will exclude a feature. Press <Esce<Esc> to exit, <?» for Help, </> for Search. Legend: [*] feature
is selected [ ] feature is excluded

. rimary Operation (Load and launch next software)
MPU Product (SAMATGS)
Clock signals --->
Console and Debug
DRAM --->
Flash Memory ---=
Next Software Type (U-Boot) --->
U-Boot Image Storage Setup --->
(u-boot.bin) Next Software Image File Name
[ ] override the default mach type
[ ] Build in thumb mode
[*] pisable Watchdog
ARM TrustZone Options --->
[*] Enable Backup Mode
Board's Workaround Options ---=>
Board Hardware Information Options
Basic Drivers support --->
Load an Alternate Configuration File
Save an Alternate Configuration File

< Exit > < Help >

a. Inthe Primary Operation menu, ensure the Load and launch next software check box is
selected. If not, select it and press Enter.

Primary Operation
Use the arrow keys to navigate this window or press the hotkey of
the item you wish to select followed by the <SPACE BAR>. Press
<?> for additional information about this option.

[(X)fLoad and launch next software
( ) Launch externally loaded software
{ ) Configure and stop

() Load and sto;ﬂ

< Help >
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3. Inthe at91bootstrap Configuration window, select Flash Memory and press Enter.

at9ibootstrap Configuration
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are hotkeys. Pressing <Y> selectes a
feature, while <N> will exclude a feature. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] feature
is selected [ ] feature is excluded

Primary Operation (Load and launch next software)
HPU Product {SAMATGS) ---»
€leck Signals ---»
Console and Debug --->
DRAM  --->
1
Next Software Type (U-Boot) ---=
U-Boot Image Storage Setup --->
{u-boot.bin) Mext Software Image File Name
[ 1 override the default mach type
[ ] Build in thumb node
[*] pisable Watchdog
ARM TrustZone Options ---»
[*] Enable Backup Mode
Board's Workaround Options --->
Board Hardware Information Options ---»
Basic Drivers support =--»

Load an Alternate Configuration File
save an Alternate Configuration File

< Exit > < Help >

a. Inthe Flash Memory menu, select Non-volatile memory to load from and press Enter.

Flash Memory
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters
are hotkeys. Pressing <¥> selectes a feature, while <M= wlll exclude a feature.
Press <Esc><Esc» to exit, <?> For Help, <[> for Search. Legend: [*] Feature is
selected [ ] feature 1z excluded

Hon=volatile memory to Load from [(NAND Flash) ===»
HAMD flash configuration --->

< Exlt > < Help =

b. Inthe Non-volatile memory to load from menu, ensure NAND flash is selected. If not,
select it and press Enter.
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Hen-volatile memory te load from
Use the arrow keys to navigate this window or press the hotkey of
the iten you wish to select followed by the <SPACE BAR=. Press
=i= for additional information about this option.

{ ) bataflash
Parallel NOR Flash(supported from ROM Code wi.1)

{ ) 5D car

c. Inthe Flash Memory menu, select NAND flash configuration and press Enter.

Flash Memary
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters
are hotkeys. Pressing <¥»> selectes a feature, while <ha will exclude & feature.
Press «<Escr<Esc> to exit, <> for Help, </> for Search. Legend: [*] feature is
selected [ ] feature is excluded

Mon-volatile mmrﬁ to load from (MAND flash)

< Extt > < Help >

d. Inthe NAND flash configuration menu:
i. Select Support NAND flash ONFI detect function and press Enter.

ii. Deselect Support to use NAND flash On-Die ECC and press Enter.
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NAND flash configuration
Arrow keys navigate the menu. <Enter> selects submenus ---=.
Highlighted letters are hotkeys. Pressing <Y> selectes a feature,
while <N> will exclude a feature. Press <Esc><Esc> to exit, <?> for
Help, </> for Search. Legend: [*] feature is selected [ ] feature

PMECC Configuration ---=
ECC Configuration (Using PMECC) ---=>
[*] Support NAND flash ONFI detect function
Support NAND flash timing mode function
R Support touse nanp flash on-pie ecd

[ 1 Support NAND flash DMA transfer

< Exit > < Help =

e. Inthe NAND flash configuration menu, select PMECC Configuration and press Enter.

NAND flash configuration
Arrow keys navigate the menu. <Enter> selects submenus ---=.
Highlighted letters are hotkeys. Pressing <Y> selectes a feature,
while <N> will exclude a feature. Press <Esc><Esc> to exit, <?> for
Help, </> for Search. Legend: [*] feature is selected [ ] feature

(| _PMECC Configuration --->
ECC Configuration (Using PMECC) ---=
[*¥] Support NAND flash ONFI detect function
[ 1] Support NAND flash timing mode function
[ 1 Support to use NAND flash On-Die ECC
[ 1 Support NAND flash DMA transfer

< Exit > < Help =

f. In the PMECC Configuration window, select Auto-detect ONFI minimum error
requirement and press Enter.
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PMECC Configuration
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are
hotkeys. Pressing <Y= selectes a feature, while =N= will exclude a feature. Press
<Esc=<Esc> to exit, <?> for Help, =</= for Search. Legend: [*] feature is selected [ ]
feature is excluded

[*] Auto-detect ONFI minimum error requirement (NEW)

< Exit > < Help =

g. Inthe NAND flash configuration menu, select ECC Configuration and press Enter.

NAND flash configuration
Arrow keys navigate the menu. <Enter> selects submenus ---=.
Highlighted letters are hotkeys. Pressing <Y> selectes a feature,
while <N> will exclude a feature. Press <Esc><Esc> to exit, <?> for
Help, </> for Search. Legend: [*] feature is selected [ ] feature

[*¥] Support NAND flash ONFI detect function

[ 1] Support NAND flash timing mode function
[ 1 Support to use NAND flash On-Die ECC

[ 1 Support NAND flash DMA transfer

< Exit > < Help =

h. Inthe ECC Configuration menu, select Using PMECC and press Enter.
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ECC Configuration —
Use the arrow keys to navigate this window or press the hotkey of
the item you wish to select followed by the <SPACE BAR=>. Press
<?> for additional information about this option.

(b))

< Help >

i. Press ESC twice to exit the menu.

4. Inthe at91bootstrap Configuration window, select Next Software Type and press Enter.

at91bootstrap Configuration
Arrow keys navigate the menu. <Enter> selects submenus --->.
Highlighted letters are hotkeys. Pressing <¥> selectes a feature,
while <M> will exclude a feature. Press <Esc><Esc> to exit, <?> for
Help, </> for Search. Legend: [*] feature is selected [ ] feature

Primary Operation (Load and launch next software) ---=
MPU Product (SAM9X6@) ---=>
Clock Signals ---=
Console and Debug --->
DRAM --->
[ 1 Load software with MMU enabled

Flash Memor =
I Next Software Type (U-Boot) --->

U-Boot Image Storage Setup --->
[ 1 override the default mach type
U +)

< Exit = < Help >

a. Inthe Next Software Type menu, ensure the U-Boot check box is selected. If not, select it
and press Enter.
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Next Software Type
Use the arrow keys to navigate this window or press the hotkey of
the item you wish to select followed by the <SPACE BAR>. Press
=?> for additional information about this option.

)N~ Boot]

{ } Linux Kernel

{ } Android

{ ) Load 1 MB into start of SDRAM

{ ) Load 4 HB into start of SORAM

{ } Load 64 kB into the start of sorad]

<celects) < Help >

5. Inthe at91bootstrap configuration window, select U-Boot Image Storage Setup and press
Enter.

a. Inthe U-Boot Image Storage Setup menu, update the Flash Offset for U-Boot, U-Boot
Image Size and The External Ram Address to Load U-Boot Image details as shown in the
image below and press Enter.

U-Boot Image Storage Setup
Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters are
hotkeys. Pressing <Y= selectes a feature, while =N= will exclude a feature. Press
<Esc=<Esc> to exit, <?> for Help, =</= for Search. Legend: [*] feature is selected [ ]
feature is excluded

(ox000400008) Flash 0ffset for U-Boot (NEW)
(0x0P0apeER) U-Boot Image Size (MNEW)
(0x23F000OP) The External Ram Address to Load U-Boot Image

< Exit > < Help >

b. Press ESC twice to exit the menu.
6. Select Exit and press Enter.
a. Click Yes.
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Do you wish to save your new at9lbootstrap
configuration? <ESC><ESC> to comtinue.

12



5. Modify U-Boot to boot from NAND Flash

1. Enter the following command to modify the configurations:
$ make uboot-menuconfig

Note that building and opening the U-Boot configuration window will take a few minutes.
2. From the menu, select Boot options and press Enter.

U-Boot 2023.07.02-linux4microchip-2024.04 Configuration
Arrow keys navigate the menu. <Enter= selects submenus ---= (or empty submenus ----).
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes
features. Press <Esc=<Esc> to exit, <?= for Help, =</= for Search. Legend: [*] built-in
[ 1 excluded <M> module < > module capable

*#*% Compiler: arm-buildroot-linux-gnueabi-gcc.br real (Buildroot linux4microc
Architecture select (ARM architecture) --->
Skipping low level initialization functions ---=
ARM architecture ---=
Functionality shared between NXP SoCs ---=
General setup --->

[ 1 Enable U-Boot API

[ || Goot options --->|
Console --->
Logging ---=
Init options --->
Security support ---=
Update support --->
Blob list --->
FDT tools for simplefb support
Enable bmp image display
Command line interface --->
Partition Types --->
Device Tree Control --->
Environment --->

< Exit > < Help > < Save > < Load >

a. Inthe Boot options window, select Boot media and press Enter.
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Boot options
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----).
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes
features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in
[ 1 excluded <M= module =< = module capable

Boot images --->
[ 1 Select defaults suitable for booting general purpose Linux distributions
Boot timing --->
[ || oot media --->|
Autoboot options ---=
Image support ---=
[*] Enable boot arguments
(mtdparts=atmel nand:256k(bootstrap)ro,512k(uboot)ro,256K(env),256k(env_redundent
[ 1 Support substituting strings in boot arguments
[*] Enable a default value for bootcmd
(nand read 0x21000000 OxPR180AEE 0xEEE80000; nand read 0x22 exee2 axee
[ 1 Enable preboot
() Default fdt file
[#] Saves fdt address, passed by the previous bootloader, to env var
[#] Saves initramfs address, passed by the previous bootloader, to env var

< Exit > < Help > < save > < Load >

b. Inthe Boot media window, select Support for booting from NAND flash and press ‘Y'.

Boot media
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----).
Highlighted letters are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes
features. Press <Esc=<Esc> to exit, =<?= for Help, =</> for Search. Legend: [*] built-in
[ 1 excluded <M= module =< = module capable

ﬂi] upport for booting from NAND flash
] Support for booting from ONENAND
[ 1 Support for booting from QSPI flash
[ 1 Support for booting from SATA
[#] Support for booting from SD/EMMC
[ 1 Support for booting from SD/EMMC and enable QSPI
[ 1 Support for booting from SPI flash

< Exit > < Help > < Save > < Load >

c. Press ESC twice to exit the menu.
3. Inthe Boot Options window, select Boot arguments and press Enter.
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Boot options
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----).
Highlighted letters are hotkeys. Pressing <Y= includes, <=N= excludes, <M= modularizes
features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in
[ 1 excluded =M= module = > module capable

Boot images ---=
[ 1 select defaults suitable for booting general purpose Linux distributions
Boot timing --->
Boot media ---=
Autoboot options --->
Image support --->
[*] Enable boot arguments
M dparts=atmel_nand:256k(bootstrap)ro,512k(uboot)ro,256K(env),256k(env_redundent
[ 1 Ssupport substituting strings in boot arguments
[*] Enable a default value for bootcmd
(nand read 9x21000000 0x0P180P00 OxOEEP80000; nand read 0x22000000 Ox00200000 OXOO
[ 1 Enable preboot
() Default fdt file
[*] Saves fdt address, passed by the previous bootloader, to env var
[#] Saves initramfs address, passed by the previous bootloader, to env var

< Exit > < Help > < Save > < Load >

a. Inthe Boot arguments window, update the string to:

mtdparts=atmel nand:256k (bootstrap)ro, 512k (uboot) ro,256K (env),256k(env_r
edundent) , 256k (spare) , 512k (dtb), 6M(kernel) ro, - (rootfs) rootfstype=ubifs
ubi.mtd=7 root=ubilO:rootfs

and press Enter.
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Boot arguments
Please enter a string value. Use the <TAB> key to move from the input
field to the buttons below it.

b),6M(kernel)ro,-(rootfs) rootfstype=ubifsubi.mtd=7 root:ubia:rootfs[ﬂ

4. Inthe Boot Options window, select Bootemd and press Enter.

Boot options
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----).
Highlighted letters are hotkeys. Pressing <Y= includes, <=N= excludes, <M= modularizes
features. Press <Esc><Esc> to exit, <?> for Help, </> for Search. Legend: [*] built-in
[ 1 excluded =M= module = > module capable

Boot images ---=
[ 1 Select defaults suitable for booting general purpose Linux distributions
Boot timing ---=
Boot media ---=
Autoboot options --->
Image support --->
[*] Enable boot arguments
(mtdparts=atmel nand:256k(bootstrap)ro,512k(uboot)ro,256K(env),256k(env_redundent
[ 1 Support substituting strings in boot arguments
[*] Enable a default value for bootcmd
Im nd read 0x21000000 0x00180000 0x00080000; nand read 0x22000000 Ox00200000 Ox00
[ 1 Enable preboot
() Default fdt file
[*] Saves fdt address, passed by the previous bootloader, to env var
[#] Saves initramfs address, passed by the previous bootloader, to env var

< Exit > < Help > < Save > < Load >

a. Inthe Bootecmd value window, update the string to:
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nand read 0x21000000 0x00180000 0x00080000; nand read 0x22000000
0x00200000 0x00600000;bootz 0x22000000 - 0x21000000

and press Enter.

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

nd read 8x22 oxe02 0x00600000;bootz Bx22000000 BXZIBBBBBq]—‘

< Help >

b. Press ESC twice to exit the menu.

5. Select Exit and press Enter.

a. Click Yes.
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Do you wish to save your new configuration?
(Press <ESC><ESC> to continue kernel configuration.)

EE < o >
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6. Modify file system details in menuconfig to boot from NAND Flash

1. Enter the following command to modify the configurations:
$ make menuconfig

The configuration window opens.
2. From the menu, select Filesystem images and press Enter.

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 [ ] feature is excluded

Target options ---=
Toolchain --->
Build options ---=
System configuration --->
Kerpnel ---=
Target packages --->

|| Filesystem images --->]
Bootloaders ---=
Host utilities --->
Legacy config options ---=
External options --->

< Exit > < Help > < Save > < Load >

a. Inthe Filesystem images window, ensure the ubi image containing an ubifs root
filesystem checkbox is enabled. If not, select it and press ‘Y’ to enable.
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Arrow keys navigate the menu.
Highlighted letters are hotkeys.

feature.
selected

Filesystem images

Press <Esc><Esc> to exit, <?> for Help, </> for Search.
[ 1 feature is excluded

Legend:

<Enter=> selects submenus ---= (or empty submenus ----).
Pressing <Y> selects a feature, while <N> excludes a

[*#] feature is

jffs2 root filesystem
oci image
romfs root filesystem
squashfs root filesystem
tar the root filesystem
Compression method (no compression) --->
() other random options to pass to tar
[#] ubi image containing an ubifs root filesystem
(0x40000) physical eraseblock size
(4096) sub-page size
[ 1] Use custom config file (NEW)
() Additional ubinize options (NEW)
-%- ubifs root filesystem
(8x1f800) logical eraseblock size (NEW)
(0x800) minimum I/0 unit size (NEW)
(2048) maximum logical eraseblock count (NEW)
ubifs runtime compression (lzo) --->

Compression method (no compression)
() Additional mkfs.ubifs options (NEW)
[ 1 yaffs2 root filesystem

< Exit >

-

< Save >

< Load >

< Help >

b. Inthe Filesystem images window, select physical eraseblock size and press Enter.

Arrow keys navigate the menu.

Filesystem images
<Enter=> selects submenus ---= (or empty submenus ----).

Highlighted letters are hotkeys.

Pressing <Y> selects a feature, while <N> excludes a

feature.
selected

Press <Esc><Esc> to exit, <?> for Help, </> for Search.
[ 1 feature is excluded

Legend:

[*#] feature is

jffs2 root filesystem

oci image

romfs root filesystem

squashfs root filesystem

tar the root filesystem

Compression method (no compression) ---=

() other random options to pass to tar
[#] ubi image containing an ubifs root filesystem
(6xa0000) physical eraseblock sizel
(4096) sub-page size
[ 1] Use custom config file (NEW)
() Additional ubinize options (NEW)
-%- ubifs root filesystem
(0x1f800) logical eraseblock size (NEW)
(0x800) minimum I/0 unit size (NEW)
(2048) maximum logical eraseblock count (NEW)

ubifs runtime compression (lzo)

>

Compression method (no compression)

>

()

Additional mkfs.ubifs options (NEW)

[ 1 yaffs2 root filesystem

< Exit >

= Help = < Save >

< Load =

c. Update the physical eraseblock size to 0x40000 and press Enter. The physical erase block

size is the NAND Flash block size in bytes.
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physical eraseblock size
Please enter a hexadecimal value. Use the <TAB> key to move from the
input field to the buttons below it.

8x40000[ |

d. Inthe Filesystem images window, select sub-page size and press Enter.

e. Update the sub-page size to 4096 and press Enter. Some NAND Flash devices support
sub-pages,and some do not. Those that do not must be updated with the actual page size as

the sub-page size.

sub-page size
Please enter a decimal value. Fractions will not be accepted. Use the
<TAB> key to move from the input field to the buttons below it.

4094 | w
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f. Inthe Filesystem images window, ensure ubifs root filesystem is enabled. If not, select it
and press 'Y’ to enable.

g. Inthe Filesystem images window, select logical eraseblock size and press Enter.

h. Update the logical eraseblock size to 0x3E000 and press Enter. The logical eraseblock size
is calculated by subtracting two pages from the physical eraseblock size (LEB = PEB - 8192).
Each of the two pages contains an EC header and a VID header.

Note: This calculation is applicable only for a NAND Flash which does not support sub-
pages. For a NAND Flash supporting sub-pages, the calculation varies with the sub-page size.

logical eraseblock size
Please enter a hexadecimal value. Use the <TAB> key to move from the
input field to the buttons below it.

6x3E000[ |

i. Inthe Filesystem images window, select minimum 1/0 unit size and press Enter.

j. Update the minimum 1/0 unit size to 0x1000 and press Enter. The minimum I/O unit size is
equivalent to the NAND Flash device page size.

22
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minimum I/0 unit size
Please enter a hexadecimal value. Use the <TAB> key to move from the
input field to the buttons below it.

ex100d |

k. Inthe Filesystem images window, select maximum logical eraseblock count and press
Enter.

[.  Update the maximum logical eraseblock count to 2048 and press Enter. The maximum
logical eraseblock count is the total number of blocks of the NAND Flash device.

maximum logical eraseblock count
Please enter a decimal value. Fractions will not be accepted. Use the
<TAB> key to move from the input field to the buttons below it.

2049 | l

m. Press ESC twice to exit the menu.
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3. Select Exit and press Enter.
a. Click Yes.

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

< [res > < No >

@ MICROCHIP
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7. Modify the uboot-env and genimage files to boot from NAND Flash

1.

In the explorer, navigate to buildroot-external-microchip > board > microchip >
sam9x60_curiosity.

Open the uboot-env.txt file.

In the bootargs section, modify the mtdparts values as follows:

mtdparts=atmel nand:256k (bootstrap)ro, 512k (uboot) ro, 256K (env),256k (env_redu
ndent) , 256k (spare), 512k (dtb), 6M(kernel)ro, - (rootfs) rootfstype=ubifs
ubi.mtd=7 root=ubilO:rootfs

Modify bootcmd_boot as follows:
Bootcmd boot=nand read 0x21000000 0x00180000 0x00080000; nand read
0x22000000 0x00200000 0x00600000;bootz 0x22000000 - 0x21000000

Click Save and close the file.

In the same directory, open the genimage.cfg file.
Modify the files section as follows:

Files = {

“zImage”,

“at91l-sam9x60 curiosity.dtb”,
“boot.bin”,

“u-boot.bin”

}

Click Save and close the file.
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8. Final Build
After all required changes are made, the build can be performed.
1. Navigate to the buildroot-mchp directory:
$ cd buildroot-mchp
2. Build the at91bootstrap with the following command:
S make
The build will take a few hours to complete.

3. Once the build is complete, navigate to buildroot-mchp/output/Images.

4. Verify that the following files are generated:
- at91bootstrap.bin

u-boot.bin

at91-sam9x60_curiosity.dtb

zlmage
rootfs.ubi
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9. NAND Flash Memory Map

Figure 9-1. NAND Flash Memory Map

Root F5 (UBIF 5)

0800000

040000

AT91Bootstrap

Ox0
NAND FLASH
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10.

Program the files into the target

1.

Install the SAM-BA software version 3.8.1@ on your PC:

- Download and install SAM-BA from:
www.linux4sam.org/bin/view/Linux4SAM/SoftwareTools#SAM_BA

- Connect one end of the FTDI USB-to-TTL serial cable to the PC and the other end to
connector J11 of the SAM9X60 curiosity board. Ensure that the cable black wire is connected
to pin 1 (GND) on jumper J11. Open the serial terminal and establish a connection with the
baud rate set to 115200.

Note:

a. The examples and command lines provided in this document are extracts from SAM-BA
software version 3.8.1, but the user can use a later version. In such a case, information in this
document may vary slightly.

By default, the SAM9X60 boot sequence tries to boot from NAND Flash. To learn about the boot
process and first stage boot configuration, refer to the section “Boot Strategies” in the SAM9X60
data sheet (see Reference Documents).

Before powering up the board, remove jumper J4 (NAND_BOQOT) to disable booting from NAND
Flash.

Power up the board by connecting one end of the micro-B USB cable to board jumper J1 and the
other end to the PC.

Press the START button and then the RESET button on the board.
When "RomBOOT" is displayed on the serial terminal, connect the J4 (NAND BOOT) jumper.
Flash the files into the NAND Flash memory:
a. Inthe terminal, navigate to the buildroot-mchp/output/Images directory:
$ cd buildroot-mchp/output/Images
b. Erase the NAND Flash memory:

$ sam-ba -p serial - b sam9x60-curiosity -a nandflash -c erase

c. Write the bootstrap into the NAND Flash memory:

sam-ba -p serial -b sam9x60-curiosity -a nandflash -c writeboot:
at9lbootstrap.bin

d. Write u-boot into the NAND Flash memory:

sam-ba -p serial -b sam9x60-curiosity -a nandflash -c write:u-
boot.bin:0x00040000

e. Write the device tree into the NAND Flash memory:

sam-ba -p serial -b sam9x60-curiosity -a nandflash -c write:at91-
sam9x60 curiosity.dtb:0x00180000

f.  Write the kernel into the NAND Flash memory:

sam-ba -p serial -b sam9x60-curiosity -a nandflash -c
write:zImage:0x00200000

g. Write rootfs into the NAND Flash memory:

sam-ba -p serial -b sam9x60-curiosity —-a nandflash -c
write:rootfs.ubi:0x00800000

h. Reset the board by pressing the reset (RESET) button.
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Refer to the following screenshots:

| @che-id- ! ~/sam9x60_Curiosity/buildroot-mchp/output/images Q = b4

| @che-1d- :~/sam9x60_Curiosity/buildroot-mchp/output/images$ sam-ba -p serial -b sam9x6@-curiosity -a nandflash -c
erase

Opening serial port 'ttyAcMe'

\Connection opened.

Detected memory size is 536870912 bytes.

Page size is 4096 bytes.

(Buffer is 8192 bytes (2 pages) at address 0x0030ab6@.

NAND header value is 8xc0695005.

Supported erase block sizes: 256KB

Executing command 'erase’

iErased 262144 bytes at address 9x00000000 (©.05%)

Erased 262144 bytes at address 0x00040000 (0.10%)

Erased 262144 bytes at address 0x00080000 (©.15%)

IErased 262144 bytes at address 9x000c0000 (0.20%)

Erased 262144 bytes at address 0x00100000 (©.24%)

wait till erase is complete

|Erased 262144 bytes at address 0x17d8eeeo (99.56%)
Erased 262144 bytes at address 0x1fdcee@® (99.61%)
|Erased 262144 bytes at address 0x1fe00000 (99.66%)
Erased 262144 bytes at address 0x1Te40000 (99.71%)
|Erased 262144 bytes at address 0x1fe80000 (99.76%)
Erased 262144 bytes at address 0x1fec0®0@ (99.80%)
(Erased 262144 bytes at address ox1ffeeeee (99.85%)
Erased 262144 bytes at address @x1ff40000 (99.90%)
Erased 262144 bytes at address 0x1ff80000 (99.95%)
Erased 262144 bytes at address ox1ffcoeee (100.00%)
Connection closed.

| @che-Id- ! ~/sam9x60_Curiosity/buildroot-mchp/output/images Q = x
| @che-1d- :~/sam9x60_Curiosity/buildroot-mchp/output/images$ sam-ba -p serial -b sam9x6@-curiosity -a nandflash -c

writeboot:at9lbootstrap.bin

Opening serial port 'ttyAcMe'

Connection opened.
Detected memory size is 536870912 bytes.

Page size is 4096 bytes.
(Buffer is 8192 bytes (2 pages) at address 0x0030ab60.
NAND header value is @xc0095005.
ISuppnrted erase block sizes: 256KB

Executing command 'writeboot:at9lbootstrap.bin’
\Prepended NAND header prefix (0xc0095005)
'Appending 3684 bytes of padding to fill the last written page
Wrote 8192 bytes at address 9x00000000 (50.00%)
Wrote 8192 bytes at address ©x80002000 (100.00%)
Connection closed.

| @che-ld- : ~/sam9x60_Curiosity/buildroot-mchp/output/images

{ @che-1d- :~/sam9x60_Curiosity/buildroot-mchp/output/images$ sam-ba -p serial -b sam9x6@-curiosity -a nandflash -c write:u-boot.bin:@x00040000
Opening serial port 'ttyACMO'

Connection opened.

Detected memory size is 536870912 bytes.
\Page size is 4096 bytes.

Buffer is 8192 bytes (2 pages) at address 0x8030ab60.
|NAND header value is ©xc0095005.

supported erase block sizes: 256KB
‘Executlng command ‘write:u-boot.bin:0x00040000"

Appending 3712 bytes of padding to fill the last written page
Wrote 8192 bytes at address 0x00040000 (1.40%)

Wrote 8192 bytes at address 0x00042000 (2.80%)

Wrote 8192 bytes at address 0x00044000 (4.20%)

Wrote 8192 bytes at address 0x00046000 (5.59%)

|

| wait till flashing is completed

Wrote 8192 bytes at address 0x800c0000 (98.91%)
Wrote 8192 bytes at address 0x000c2000 (92.31%)
Wrote 8192 bytes at address 0x000c4800 (93.71%)
Wrote 8192 bytes at address 0x000c6000 (95.10%)
\Wrote 8192 bytes at address 0x000c8000 (96.50%)
Wrote 8192 bytes at address 0x000ca®0e (97.90%)
\Wrote 8192 bytes at address @x000cc00@ (99.30%)
Wrote 4096 bytes at address 0x000ce®0® (100.00%)
,Connection closed.
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| @che-Id- : ~/sam9x60_Curiosity/buildroot-mchp/output/images Q = x

| @che-1d- :~/sam9x60_Curiosity/buildroot-mchp/output/images$ sam-ba -p serial -b sam9x6@-curiosity -a nandflash -c
write:at91l-sam9x60 curiosity.dtb:@xe0180000

Opening serial port 'ttyACMe'

Connection opened.

Detected memory size is 536870912 bytes.

Page size is 4096 bytes.

Buffer is 8192 bytes (2 pages) at address 0x9030ab6@.

NAND header value is @xc8095005.

supported erase block sizes: 256KB

Executing command 'write:at9l-sam9x60 curiosity.dtb:0x08180000'

\Appending 432 bytes of padding to fill the last written page
Wrote 8192 bytes at address 0x00180000 (22.22%)

Wrote 8192 bytes at address 9x00182000 (44.44%)

Wrote 8192 bytes at address 0x00184000 (66.67%)

Wrote 8192 bytes at address 0x00186000 (88.89%)

Wrote 4096 bytes at address 0x00188000 (100.00%)

Connection closed.

| @che-Id- : ~/sam9x60_Curiosity/buildroot-mchp/output/images Q = x
1 @che-1d- :~/sam9x60_Curiosity/buildroot-mchp/output/images$ sam-ba -p serial -b sam9x6@-curiosity -a nandflash -c

write:zImage:0x00200000
Opening serial port 'ttyAcCMe'
Connection opened.
iDetected memory size is 536870912 bytes.
Page size is 4096 bytes.
\Buffer is 8192 bytes (2 pages) at address 0x0030ab6e@.
NAND header value is @xcB8695005.
(Supported erase block sizes: 256KB
Executing command 'write:zImage:0x00200000'
iAppending 752 bytes of padding to fill the last written page
Wrote 8192 bytes at address 0x00200000 (0.15%)
iWrote 8192 bytes at address 0x00202000 (0.30%)
Wrote 8192 bytes at address 0x00204000 (0.45%)
‘wrote 8192 bytes at address @x00206000 (0.60%)

wait till flashing is completed

IWrote 8192 bytes at address 0x00718000 (98.72%)
Wrote 8192 bytes at address 0x0071a®00 (98.87%)
Wrote 8192 bytes at address 0x0071c0e00 (99.82%)
Wrote 8192 bytes at address ©x0071e@00 (99.17%)
\Wrote 8192 bytes at address 9x00720000 (99.32%)
Wrote 8192 bytes at address 0x00722000 (99.47%)
Wrote 8192 bytes at address 0x00724000 (99.62%)
wWrote 8192 bytes at address 0x00726000 (99.77%)
Wrote 8192 bytes at address 0x00728000 (99.92%)
wWrote 4096 bytes at address 0x0072a000 (100.00%)
\Connection closed.

@che-1d- :~/sam9x60_Curiosity/buildroot-mchp/output/images$ sam-ba -p serial -b sam9x66-curiosity -a nandflash -c write:rootfs.ubi:0x00800000
Opening serial port 'ttyACMO'
Connection opened.
Detected memory size is 536870912 bytes.
'Page size is 4096 bytes.
Buffer is 8192 bytes (2 pages) at address 0x0030ab6o.
NAND header value is ©xc0095005.
Supported erase block sizes: 256KB
|Executing command 'write:rootfs.ubi:0x00800000'
Wrote 8192 bytes at address 0x00800000 (0.01%)
\Wrote 8192 bytes at address 0x00802000 (0.01%)
Wrote 8192 bytes at address 0x080804000 (0.02%)
Wrote 8192 bytes at address 0x00806000 (0.03%)

wait till flashing is completed

Wrote 8192 bytes at address @x07582000 (99.79%) |
Wrote 8192 bytes at address 0x87584000 (99.79%)

Wrote 8192 bytes at address 0x07586000 (99.80%)

Wrote 8192 bytes at address 0x07588000 (99.81%)

\Wrote 8192 bytes at address @x0758a000 (99.81%)

Wrote 8192 bytes at address 0x0758c000 (99.82%)

\Wrote 8192 bytes at address 0x0758e000 (99.83%)

Wrote 4096 bytes at address 0x087590000 (99.83%)

‘Sklpped 47 empty page(s) at address 8x075910@60

Connection closed.

1

@che-ld- : ~/sam9x60_cCuriosity/buildroot-mchp/output/images A= X
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11. Revision History
11.1 Rev.A-11/2024

First issue.
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Microchip Information

Trademarks

The “Microchip” name and logo, the “M" logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN: 979-8-3371-0131-6

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip products are strictly prohibited and may violate the Digital
Millennium Copyright Act.

+ Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.
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