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This document contains code examples that describe the communication with the board over the serial
shell. The code examples lines begin with host:~$, target:~$ or u-boot=>. This describes where the
commands are to be executed. Only after these keywords must the actual command be copied.

PHYTEC provides a variety of hardware and software documentation for all of its products. This includes
any or all of the following:

QS Guide
A short guide on how to set up and boot a phyCORE based board.

Hardware Manual
A detailed description of the System-on-Module and accompanying carrierboard.

Yocto Guide
A comprehensive guide for the Yocto version the phyCORE uses. This guide contains an overview of
Yocto; introducing, installing, and customizing the PHYTEC BSP; how to work with programs like
Poky and Bitbake; and much more.

BSP T:Jji}
A manual specific to the BSP version of the phyCORE. Information such as how to build the BSP,

booting, updating software, device tree, and accessing peripherals can be found here.

Development Environment Guide
This guide shows how to work with the Virtual Machine (VM) Host PHYTEC has developed and
prepared to run various Development Environments. There are detailed step-by-step instructions for
Eclipse and Qt Creator, which are included in the VM. There are instructions for running demo projects
for these programs on a phyCORE product as well. Information on how to build a Linux host PC
yourself is also a part of this guide.

Pin Muxing Table
phyCORE SOMs have an accompanying pin table (in Excel format). This table will show the complete
default signal path, from the processor to the carrier board. The default device tree muxing option
will also be included. This gives a developer all the information needed in one location to make
muxing changes and design options when developing a specialized carrier board or adapting a PHYTEC
phyCORE SOM to an application.

W T X SEARE T U A B 2 b, PHYTEC 38542 A7 A8 Sl 0. 0 1 36 WA B R BE R . X 28 S0
AR LR S B R AT S PR . RAR A SRR AT DAFE F AT i i) https://www.phytec.de/produkte/
system-on-modules/phycore-imx-91-93 /#downloads {7,
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CHAPTER 1

Sz FFHIRE

On our web page, you can see all supported Machines with the available Article Numbers for this release:
BSP-Yocto-NXP-i.MX91-PD24.2.2 see download, or BSP-Yocto-NXP-i.MX93-PD24.2.2 see download.

MR AL “Supported Machines” #4264 T4 E ) Machine Name , %30 PAEE %1% Machine 7] [
] Article Number (7= 85) DA RAE ({5 B R fE k. an R & G M8 {441 Article Number |,
PAYF Machine Name i3 %S, [GEFEER Article Number . I7EE 2 SR G € M4 rfz 1)
Machine Name ,

IS

A BSP Fp it himn {4 phyBOARD-Segin i.MX 93. J{Uli¥ a4 ol CAfE phyBOARD-
Nash i.MX 93 |47

1.1 phyBOARD-Segin i.MX 91/93 Components
1.2 phyBOARD-Nash i.MX 93 34
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CHAPTER 2

FriafE A

The phyBOARD-Segin i.MX 93 and phyBOARD-Nash i.MX 93 Kit is shipped with a pre-flashed
SD card. It contains the phytec-qt6demo-image and can be used directly as a boot source. The e MMC
is programmed with only a U-Boot by default. You can get all sources from the i.MX 91 or i.MX 93 BSP
downloads page. This chapter explains how to flash a BSP image to SD card and how to start the board.

There are several ways to flash an image to SD card or even e MMC. Most notably using simple, sequential
writing with the Linux command line tool dd. An alternative way is to use PHYTEC’s system initialization
program called partup, which makes it especially easy to format more complex systems. You can get prebuilt
Linux binaries of partup from its release page. Also read partup’s README for installation instructions.

2.1 THEE

The image contains all necessary files and makes sure partitions and any raw data are correctly written.
Both the partup package and the WIC image, which can be flashed using dd, can be downloaded from our
i.MX 91 or i.MX 93 BSP downloads page.

Note that you can find different image versions and variants on our download server. The images are located
on the server by folders per ”"BSP-Version”, "Distro-Name” and "Machine-Name”.

Example to download a partup package and a WIC image from the download server:

host:~$ wget https://download.phytec.de/Software/Linux/BSP-Yocto-i.MX93/BSP-Yocto-NXP-i.MX93-PD24.2.2/
—images/ampliphy-vendor/phyboard-segin-imx93-2/phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.partup
host:~$ wget https://download.phytec.de/Software/Linux/BSP-Yocto-i.MX93/BSP-Yocto-NXP-i.MX93-PD24.2.2/
—1images/ampliphy-vendor/phyboard-segin-imx93-2/phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.wic.xz

ik

For e MMC, more complex partitioning schemes or even just large images, we recommend using the
partup package, as it is faster in writing than dd and allows for a more flexible configuration of the target
flash device.



https://download.phytec.de/Software/Linux/BSP-Yocto-i.MX91/
https://download.phytec.de/Software/Linux/BSP-Yocto-i.MX93/
https://github.com/phytec/partup
https://github.com/phytec/partup/releases
https://github.com/phytec/partup/releases
https://github.com/phytec/partup#readme
https://download.phytec.de/Software/Linux/BSP-Yocto-i.MX91/
https://download.phytec.de/Software/Linux/BSP-Yocto-i.MX93/
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2.2 BWEBA SD k

e

LA SD REshat, WAEYNA Linux PC LR root AR, TEREFELEG B INGIF /N0 Priskie s
R SO A ST IR L BB, i BB ER AN S AT — 2 B A !

PR RAI A TR S8 BB R, B, FIRESERRECYRITTE PC LRS!

2.2.1 FKRIERIRE

ZAIH SD FF3h#, HeEkE| PC L& SD RIWAIEM B &L, R RRF SR § 2] SD R hf,
AT E H R X

LK T HBUE B 4R, R IR SD RIFIRAT:

[host:~$ lsblk ]

2. BUERARE) SD K, ARG FRR AT A2

[host:~$ lsblk ]

3. MBI, DASRIBCE AN PR B AR, X2 SD RIBLE AR (R SD R ksik,
DB R A A4 BRI LA 70 X o

4N TR EI R A A AR R AR, AT S sudo dmesg. TR AIREIUATH, BV IZE
RER B £ PR, Il /dev/sde B /dev/mmeblke (EARBUTHIIRSLE).

i, AT DA AL RIER S, Bt GNOME Disks 8 KDE Partition Manager 3382 IE #1545 o

IO 253 T IEFR) a2 58, B /dev/sde, 12 SD K&K LI, TN CHBIHH > XAy H
B, TR B B N T BT IR SRR (B0 /dev/sdel), EAfilZ SD RiYsrIX. —2E Linux
KATHAGAER B IAN & A BB X B AZHT, W EEX L X, DU bR .

HIF A X ALK, Bl

host:~$ sudo umount /dev/sdel
host:~$ sudo umount /dev/sde2

Now, the SD card is ready to be flashed with an image, using either partup, dd or bmaptool.

2.2.2 Using bmaptool

One way to prepare an SD card is using bmaptool. Yocto automatically creates a block map file
(<IMAGENAME>-<MACHINE>.wic.bmap) for the WIC image that describes the image content and includes check-
sums for data integrity. bmaptool is packaged by various Linux distributions. For Debian-based systems
install it by issuing:

[host:~$ sudo apt install bmap-tools ]

LA - WIC Hifbg 5% SD F:

[host:~$ bmaptool copy phytec-qt6demo-image-phyboard-segin-imx93-2?(.rootfs).wic?(.xz) /dev/<your device> ]

¥ <your device> BRI N HIFRBIR) SD RIRSLFR, IR U <IMAGENAME>-<MACHINE>.wic.bmap
5 WIC S Ficte—ite, PAE bmaptool HIEWFLLRTFEG A, WL RFZB

FrisfER 8


https://apps.gnome.org/en/DiskUtility/
https://apps.kde.org/partitionmanager/
https://github.com/yoctoproject/bmaptool

phyCORE-i.MX 93 BSP Manual PD24.2.2 Doc-rev.: imx95-alphal-286-gee5cbba

i

bmaptool {45 SD K _EEBREIRIAER XK. XEWREETAFERE, ZHISARIH U-Boot Ef
AR Bl REIIR AT o

2.2.3 {#H partup
ffi ] partup £¢%5 SD Kk HE—/4 s

[host:~$ sudo partup install phytec-qt6demo-image-phyboard-segin-imx93-2?(.rootfs).partup /dev/<your device> ]

i PRAE <your_device> ¥l Bz MR BB #4475 -
KT partup BYHE—B MU, HSFH 15050

i)

i resize2fs HiAR 1.46.6 R HRAH PC R4 (40 Ubuntu 22.04) FEHEHEETE Mickledore PA K
JiH9 yocto NUA QIR partup BRPEEL. AR resizefs BiHH T IRAZEIUTT SEOAALEIE. £
FHEM(E S, THZH release notes

ik
partup HA KRR eMMC user IS RHE KIS DhAE, FATFLHER) partup F2)F o xS RE#E R U-Boot
PG, X g bmaptool TR TCIESE AT — i, WIHT—&B7 Brid2lH) .

partup A T HMBES THR—DFEMEZ, Bl ARLE MMC FFrE# 5, unfhnl DLEES A
eMMChboot 431X, JEFEEH HAthay2 .

2.2.4 €/ dd
TEHZE A SD RgEHEDKIG, BIAKES SD K.

~J§£HYTEC ;3SP SRR (AT RS R *owic), Mo —2MA SR 5B (a9
Bk *wicxz),

W5 ) RIEGEE (Fwic), WL F @4

host:~$ sudo dd if=phytec-qt6demo-image-phyboard-segin-imx93-2?(.rootfs).wic of=/dev/<your device> bs=1Mk
—conv=fsync status=progress

NHEEG ARG R (Fwicxz), WHAL T4

host:~$ xzcat phytec-qt6demo-image-phyboard-segin-imx93-2?(.rootfs).wic.xz | sudo dd of=/dev/<your device>
—bs=1M conv=fsync status=progress

FRUCH GRS <your_device> Brffly 2 Btk I i # 44 FK -

SR conv=Fsync FRGIFE dd R[] 2 FIX A #EAT syne #4E. XHLRITA BERIERC B A SD R, Mi%Aa1E
{APEIERATAENATH . S50 status=progress K] HIH (5 EL .

FrisfER 9


https://partup.readthedocs.io/en/latest/
https://e2fsprogs.sourceforge.net/e2fsprogs-release.html#1.47.0
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2.3 HRB5

o M SD -RJE3l, bootmode switch (53) FERBE NNV E

« A SD R

o BT RARAVE S O 540 FHLERE . f# ] UART1 console on PEB-EVAL-01 for phy BOARD-Segin
and X-37 USB-C debug for phyBOARD-Nash,

o BIFEMGHEE
o DA 115200 P45EA1 8N1 #5:0FTJFHR 11 /USB i1 (S84 & 1 2 u-boot/linux JHEh{HE)

FFiga{E A 10



CHAPTER 3

¥ BSP

AT S 4d ] Yocto 1 phyLinux IZA##4T i.MX 93 BSP [41%. B 24 5% phytec meta-layer 1 Yocto
RIfE ., HE15: Yocto Reference Manual (scarthgap) .

3.1 EXiRE

IR ARTE L EHL EEH Yocto 4giFid Phytec BSP, W #FH Yocto Reference Manual (scarthgap)
13 BSP Workspace 2235 —7,

3.2 T& BSP

There are two ways to get the BSP sources. You can download the complete BSP sources from our i.MX
91 or i.MX 93 BSP downloads page; or you can fetch and build it yourself with Yocto. This is particularly
useful if you want to make customizations.

The phyLinux script is a basic management tool for PHYTEC Yocto BSP releases written in Python. It is
mainly a helper to get started with the BSP sources structure.

o AUE—ASETIIH SCPEE, PRI phyLinux JAS, HIET BIAS B3 0] A THCR -

host:~$ mkdir ~/yocto

host:~$ cd yocto/

host:~/yocto$ wget https://download.phytec.de/Software/Linux/Yocto/Tools/phyLinux
host:~/yocto$ chmod +x phylLinux

i

FNFE AR E S, phyLinux B oS EBRYFITER TER F. A— DA NS HEF
YA phyLinux 2374 454

e 14T phyLinux:

11


https://download.phytec.de/Software/Linux/BSP-Yocto-i.MX91/
https://download.phytec.de/Software/Linux/BSP-Yocto-i.MX91/
https://download.phytec.de/Software/Linux/BSP-Yocto-i.MX93/
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[host:~/yocto$ ./phyLinux init

&
TEERAIIRALR), phyLinux JIASSEOREAE /usr/local/bin HEH 44 Repo T.H.

o During the execution of the init command, you need to choose your processor platform (SoC),
PHYTEC’s BSP release number, and the hardware (MACHINE) you are working on.

ik

If you cannot identify your board with the information given in the selector, have a look at the
invoice for the product. And have a look at the webpage of our i.MX 91 BSP or i. MX 93 BSP.

o WATPAEE A AT SR E AL I LA L

host:~/yocto$ DISTRO=ampliphy-vendor MACHINE=phyboard-segin-imx93-2 ./phyLinux init -p imx93 -r BSP-
—Yocto-NXP-1i.MX93-PD24.2.2

After the execution of the init command, phyLinux will print a few important notes. For example, it will
print your git identity, SOC and BSP release which was selected as well as information for the next steps in
the build process.

3.2.1 FigE

o B Shell FEEAS -

[host:~/yocto$ source sources/poky/oe-init-build-env

ik
FERFRFTIEH 0 T 4300 shell i, #R55SeATiX—5 0%

o HFI TAEH REZEHN build/.
o HIFERIBER:

[host:~/yocto/bui1d$ bitbake phytec-qt6demo-image

Ve

ik

XF S — i, FATEBMIATHB N AEETEAL i phytec-headless-image F iy, PAEH—
YIRGIEH TAE.

[host:~/yocto/build$ bitbake phytec-headless-image ]

U S RRAE IR Intel Core i7 ALFRAS ERLYTHE 40 /3-8 JELERIM RO AR Giid ™
HEAT, RATE 3 53450,

‘i BSP 12
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3.2.2 BSP ${&

frf5 i Bitbake 4 B 5518 8 IHE ~/yocto/build/deploy*/images/<machine> . fl{1DA R4 742 phyboard-
segin-imx93-2 machine 4 il g S04

u-boot.bin: 4§i¥)511Y U-boot bootloader — 3l /4. AN 81% i) bootloader!
oftree: BRI\ PIIZIE A

u-boot-spl.bin: — A FIN#E s (SPL)

bl31-imx93.bin or bl31-imx91.bin: ARM Trusted Firmware binary

Ipddr4__dmem_ 1d_ v202201.bin, Ipddr4__dmem_ 2d_ v202201.bin,
lpddr4__imem_ 1d_ v202201.bin, Ipddr4_imem_ 2d_ v202201.bin: DDR PHY [&] {} &3
%

imx-boot: H] imx-mkimage 4%/ bootloader £if, fuff SPL. U-Boot. ARM w[{[#{:#1 DDR
[l XA R 5] bootloader £if4 .

Image: Linux W%

Image.config: 1% config ({4

imx93-phyboard-*.dtb or imx91-phyboard-*.dtb: Kernel device tree file
imx93-phy*.dtbo or imx91-phy*.dtbo: Kernel device tree overlay files
phytec-*.tar.gz: bitbake-image #ii¥4: A root &St

— phytec-gt6demo-image-phyboard-*-imx9*-*.tar.gz: when bitbake-build was processed for
phytec-qt6demo-image

— phytec-headless-image-phyboard-*-imx9*-*.tar.gz: when bitbake-build was processed for
phytec-headless-image

phytec-*.rootfs.wic.xz: bitbake-image ZmiFA I E4En0 55 SD R85, F% bootloader.,
P HEScf (DTB) . WAERIR SO R 5 .

— phytec-qt6demo-image-phyboard-*-imx9*-*.rootfs.wic.xz: when bitbake-build was pro-
cessed for phytec-qt6demo-image

— phytec-headless-image-phyboard-*-imx9*-*.rootfs.wic.xz: when bitbake-build was pro-
cessed for phytec-headless-image

imx93-11x11-evk__m33_ *.bin, binaries of demo applications for the Cortex-M33 MCU; can be
manually loaded and started with U-Boot or Linux; are not part of builds for i.MX 91;

YRi¥ BSP 13
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CHAPTER 4

LRRIERS

4.1 BEREXFR (S3)

TS

JERAR A :
o phyBOARD-Segin i.MX 91/93: 1472.5
e phyBOARD-Nash i.MX 93: 1616.0, 1616.1, 1616.2

The phyBOARD-Segin/Nash i.MX 91/93 features a boot switch with four individually switchable ports to
select the phyCORE-i.MX 93 default bootsource.

K 1: eMMC K& 2: N fuse

K 3: USB K 4: SD &

15
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4.2 1EE eMMC

B eMMC 3, 5 BSP 84 0 EMiB 5 5] eMMC, 3 H.bootmode switch (S3) #%'& > eMMC,

e

% eMMC I SD K Ehesk TRl (5E4—80) MBI, ] boot 7rXpg UUID t2tHE. Bl
WM emme JHEHI, besk—BBiBRE SD RUREIRAAE, XSFECORHERER, HA Linux 2R
UUID R4£8H3h7 X

[target:~$ blkid J

I PAB T ARG S i B B R 5 2 20 . Q2R mmeblkOpl Al mmeblklpl SAMFE UUID, WiZiE
el AP

ik

Filenames WIC and partup: Command lines listed in this chapter contain exemplary file names for
WIC images and partup packages. The actual file name is always a combination of the machine and the
image you want to use. The supported machines are listed on the webpage of our i.MX 91 BSP or i.MX
93 BSP.

4.2.1 M\ SD RiEE eMMC

WERBA R R4, EarpAidad SD R R eMMC, Shtt, @HFAE SD R EfE&E— D al B SC/F
(*.wic), HIFBEESCHFMAR, ‘”T%T}“ﬁ SD -RPAGE I H AR E) (AR Z BB R ) o A R AT
PRE SD K, S I PR extd RICIFRGEHIRN

o, ] partup {45 SD K, W1 Getting Started TR, SKEEFETTE ] SD RS AE.

HEF AR linux IIFPET SD RIS eMMC
BAIDAE Linux bRES eMMC. BAFETE SD R ERFF—A> partup {0k WIC SEQHIF] .
o 1£ SD R EEFLELRAFAY partup ik WIC §ifgal WIC.XZ Fifg st

-

target:~$ 1s
phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.partup
phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.wic.xz

o RRFHE MMC #8515

target:~$ ls /dev | grep mmc
mmcblkl

mmcblklpl

mmcblk1lp2

mmcb1kO

mmcblkOboot0

mmcblkObootl

mmcblkOpl

mmcblkOp2

mmcb1kOrpmb

L

o eMMC EZAIEHEE B EEWA boot 43X (mmeblk0 boot0; mmceblk0) bootl)

REKRERG 16
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o Write the image to the phyCORE-i.MX 93 eMMC (/dev/mmcblk0 without partition) using partup:

[target:~$ partup install phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.partup /dev/mmcblk0 J
VLT
AV partup, BOAEWEY T, JFH UL FIH] eMMC Sefi%e i, Aahiis
XK/

P
ik

sk, DA dd 54
SR WIC 51t (*.wic):

target:~$ dd if=phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.wic of=/dev/mmcblk0 bs=1M,
—conv=fsync status=progress

XHF R4 WIC §ifg (*.wic.xz):

target:~$ zstdcat phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.wic.xz | sudo dd of=/dev/
—mmcblk® bs=1M conv=fsync status=progress

TR, FEMH dd SETERE T, root JpXIFECA MM & A

o MRMEAN, BRI EMATPAN eMMC JH3] .

Bh
FEMZ |1, EFEER:bootmode switch (S3) BL'E A eMMC,

4.2.2 pMLEIES eMMC

LMX 93 JF A& MCEA UK RS, v DA M & H- T 8. SR R E AL, LR IP SR E N
192.168.3.10, FMMHL K 255.255.255.0, F HEELE FHIFE TFTP R . #%kE, eMMC #4F1 SD
Rl Hk, RAEERR Yocto AR WIC 8% (<name>.wic ) HIEHESH| eMMC. %5 HES
bootloader. WAZ. WM. &M overlay FIR £ 5.

ik
—2 PHYTEC K BSP KA BUESR wic.xz GifR. EXFMEILT , AA5EXT R4 BRI TR 540 -
[host:~$ unxz phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.wic.xz ]

HEF AR Linux REPBIMERES eMMC
BEATLMETF B AR GE A HHT eMMC.

IS
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‘ T BB ARG R B EALZ [R5 IE# ! Setup Network Host ’

TEEH BRI ARG, H il M T ssh K AGRBITFAAMRE) eMMC, i —F76r4:

target:~$ ssh <USER>@192.168.3.10 "dd if=<path to file>/phytec-qtédemo-image-phyboard-segin-imx93-2.rootfs.
—wic" | dd of=/dev/mmcblk® bs=1M conv=fsync status=progress

£ Linux ¥l EL@BETMEIRS eMMC
Al DAZEZS Y Linux AL ERESIRE T eMMC. FIZHi—FE, SEEEIV EES— 2855 .

S
FEIE R AR WL IR R TE R | Setup Network Host

A AL LTRSS

host:~$ 1s
phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.wic

WML dd iy &4 6 ssh KRR AR E] Bl eMMC:

host:~$ dd if=phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.wic bs=1M status=progress | ssh root@192.
—168.3.11 "dd of=/dev/mmcblk@ conv=fsync"

4.2.3 #IEZ1THY U-Boot BhiFEiTHEIRE eMMC U-Boot 8%
7] PAYE U-Boot H1HE# U-Boot 4514 imx-boot, eMMC _F i) U-Boot FEEAT eMMC H user X,

R BARIE B A ISR EALZ R P4GIE R ! Setup Network Host

TG |

A titp RFEEEMEF RAM 1, K55 A eMMC:

-boot=> tftp ${loadaddr} imx-boot

-boot=> setexpr nblk ${filesize} / 0x200
-boot=> mmc dev 0

-boot=> mmc write ${loadaddr} 0x40 ${nblk}

Cc C C C

o
‘+A BRI, BBY 512 SR, BRI & DARBUNIY SoC HIEHH.

4.2.4 )\ USB 1%E eMMC

TEIE1THY Linux RGP USB 1%EE eMMC

TR LE P BR R W AR Linux R4 B U M5ES eMMC, BFRE—MRF T 2B 5% U &f—1
w] B=Eheg WIC 451 (40 phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.wic) . ffbootmode switch
(53) B'EH SD KEHF).

RRRERG 18
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o HAJIHE U f

60.458908] usb-storage 1-1.1:1.0: USB Mass Storage device detected

60.467286] scsi host0: usb-storage 1-1.1:1.0

61.504607] scsi 0:0:0:0: Direct-Access 8.07 PQ: O ANSI: 2
61.515283] sd 0:0:0:0: [sda] 3782656 512-byte logical blocks: (1.94 GB/1.80 GiB)
61.523285] sd 0:0:0:0: [sda] Write Protect is off

61.528509] sd 0:0:0:0: [sda] No Caching mode page found

61.533889] sd 0:0:0:0: [sda] Assuming drive cache: write through

61.665969] sda: sdal

61.672284] sd 0:0:0:0: [sda] Attached SCSI removable disk

target:~$ mount /dev/sdal /mnt

—_r— e o

e Now show your saved image files on the USB Stick, e.g. like:

target:~$ cd /mnt
target:~$ 1s
phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.wic

o WIRATAY MMC #4551

target:~$ ls /dev | grep mmc
mmcblkl

mmcblk1lpl

mmcblk1lp2

mmcb1kO

mmcblkOboot®

mmcblkObootl

mmcblkOpl

mmcblk@p2

mmcb1kOrpmb

o eMMC FH &I B S boot 43X (mmeblk0 boot0; mmeblk0 bootl)
o Write the image to the phyCORE-i.MX 93 eMMC (/dev/mmcblk0 without partition):

target:~$ dd if=phytec-qt6demo-image-phyboard-segin-imx93-2.rootfs.wic of=/dev/mmcblk0 bs=1M,
—conv=fsync status=progress

o TESEMBAG, ERITEBRATAN eMMC JH3],

25
TEMZ |, EEER:bootmode switch (S3) BlEH eMMC,

4.3 RAUC

BSP % # RAUC (Robust Auto-Update Controller) . ‘&4 W45 HAg . XAUFETEH Linux N
Bo WML RS . PHYTEC O 5 T — ML TH, N AR BSP f4 8 RAUC:
L-1006e.A5 RAUC B 1 5% 455 F T

REKRERG 19
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CHAPTER D

&

51 FHFEES

A THE bootloader HIHATI LG4 FESS, FERCE LW . FEFRFENL L, A2l E
TFTP. NFS fil DHCP iR%. BEEhPAKMET TR T EWF:

[host:~$ sudo apt install tftpd-hpa nfs-kernel-server kea ]

5.1.1 TFTP RHBixE
o B, QEAHSRAEE TETP SO

[host:~$ sudo mkdir /srv/tftp ]

o RJEAHER) BSP SilB SR BRI H S, I ER other BT thtp F s i By SCPF A BEIUR
B, 3 MR TR MTT A5 1) X 2830

[host:~$ sudo chmod -R o+r /srv/tftp ]

o TETREEREAAN 8 L E AN S TP Huhk, PHYTEC FF&MU7EHA TP Hotik 2 192.168.3.11. T DA
B FHLHEHE R 192.168.3.10, TS K 255.255.255.0

[host:~$ ip addr show <network-interface> ]

Ff <network-interface> Fr 1% 32 B - A M) N 2535 11 . Z80] DA 3 AN 48 G W 454 1 0k g R ey mlf
T 4542 1 o

o REIRERMAET AT AE:

[inet 192.168.3.10/24 brd 192.168.3.255 ]

o QB4R /etc/default/tftpd-hpa {4

21
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# /etc/default/tftpd-hpa

TFTP_USERNAME="tftp"
TFTP_DIRECTORY="/srv/tftp"
TFTP_ADDRESS=":69"
TFTP_OPTIONS="-s -c"

« Xf TFTP_DIRECTORY & E A% TFTP R454siR H k&
o ¥ TFTP_ADDRESS #%# ) TFTP JI55 HiWriy ALk (& 0.0.0.0:69 PAMEWT 69 it I TR

IP).
o ¥ TFTP_OPTIONS, AT i<l e B Y i -
[host:~$ man tftpd ]

o HUHTE B S5 AR e B R

[host:~$ sudo service tftpd-hpa restart ]

PUFERF T AR A M s 1 42 B 5 AL RATTIE TR EAETF ZARANE T TFTP JR5510 FHLZ (B2 M 2%
E:, TFTP IR428f IP Huhb W8k 192.168.3.10, FM#EE K 255.255.255.0,

NFS fR52RE
o A4 NFS Hx:

[host:~$ sudo mkdir /srv/nfs ]

e Temporarily export the nfs directory: The NFS server is not restricted to a certain file system location,
so all we have to do is to export our root file system to the embedded network. In this example, the
whole directory is exported and the ”lab network” address of the development host is 192.168.3.10.
The IP address has to be adapted to the local needs:

—0:/srv/nfs

host:~$ sudo exportfs -i -0 rw,no root squash,sync,no subtree check 192.168.3.0/255.255.255.

e unexport the rootfs when finished:

[host:~$ sudo exportfs -u 192.168.3.0/255.255.255.0:/srv/nfs ]

Permanent export

o To make the export persistent across reboots on most distributions, modify the /etc/exports file and
export it:

[/srv/nfs 192.168.3.0/255.255.255.0(rw,no_root squash,sync,no subtree check) J

o IYE NFS 55487 BRI /etc/exportfs U4

[host:~$ sudo exportfs -ra J

FE 22
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DHCP fgB52RiRE

o flgEl%E /etc/kea/kea-dhcp4. conf LM PANTBT-MAHI, F <network-interface> % AH)FH K

IR FR:

-

{
"Dhcpd": {
"interfaces-config": {
"interfaces": [ "<network-interface>/192.168.3.10" ]
+
"lease-database": {

"type": "memfile",

"persist": true,

"name": "/tmp/dhcp4.leases"
Lo
"valid-lifetime":
"subnetd4": [{

"id": 1,
"next-server":
"subnet":
"pools": [

{ "pool"™: "192.168.3.1 -
I

28800,

"192.168.3.10",
"192.168.3.0/24",
192.168.3.255" }
3]

¥
}

L

i

interfaces BLE LTI EiZ M4

TEQVE T IIHE /D, ROIX T BESAL A AR EOR. S T ZaiE L, AR TR, s

o PYE DHCP R FTEHEEL /etc/kea/kea-dhcp4d. conf

[host:~$ sudo systemctl restart kea-dhcp4-server

NN/ EE T, WPR kea-dhepd FEE R E I 2545 1RAETEBIRAS, kea-dhepd-server 5 JLik)H

o LT ORAE ERE 1 5 Bh sl B 5% systemd 55

ik

DHCP server setup is only needed when using dynamic IP addresses. For our vendor BSPs, static IP

addresses are used by default.

u-boot=> env print ip dyn
ip_dyn=no

To use dynamic IP addresses for netboot, ip_dyn needs to be set to yes.

5.2 NAEEaIA#

MM R B R TETP AR &R, Hlid NFS EMRSCE RS . (B bootloader F5E M7

SN FE BB N 28

FE
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5.2.1 EXH LHERBEHHHRR
o HEPIRBHIRA WIS itp Bt

[host:~$ cp Image /srv/tftp

o FFRAWEHI R o H:

[host:~$ cp oftree /srv/tftp

o PHEMBMHIITA overlay SR HI RN K titp HgH:

[host:~$ cp *.dtbo /srv/tftp

o Bk other IR tftp H %A ITA SCAERA BRI ICIE M TIF A e

[host:~$ sudo chmod -R o+r /srv/tftp

o FHRSCERGMERIER NFS H

[host:~$ sudo tar -xvzf phytec-qt6demo-image-phyboard-segin-imx93-2.tar.gz -C /srv/nfs

ik
THHOREE sudo PATANS, PABREARSCIR R GE b ORI BT R AR -

5.2.2 IEBMKZBENEY bootenv.txt
TEEM titp HErh gl —4> bootenv.txt U, FRPATAZARE AR,

bootfile=Image
fdt_file=oftree
nfsroot=/srv/nfs
overlays=<overlayfilenames>

<overlayfilenames> WUE A EAE AL IR overlay BEaWSCIE4 . M2 HE 7 W SCHFE44 - Bilan:

[overlays=example-overlayl.dtbo example-overlay2.dtbo

25
I LA overlay FE device tree 225 HT,

5.2.3 FAR EBIMEIZE

WNRFEH E TF AR ERPARKMECE , Hi I AR T#AE . Network Environment Customization

5.2.4 NFERBE
TR BB BN E] U-boot, AT 78 e .
o EMMGED, st

FE
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[u-boot=> run netboot

5.3 A UUU TH

NXP (5458 TH (UUU-Tool) J&—&KAEFEN Fizfridkst:, MTiEid SDP (347 FEL) ETF &R
FF#IE1T bootloader. A XFE{EE., i1/ https://github.com /nxp-imx/mfgtools B F# 7 UUU
THIHY,
5.3.1 {§f UUU THBEE
o &M https://github.com /nxp-imx/mfgtools#linux _F R I THAE
o WEREEMPEARIS % UUU, 351G AR INE] PATH
XA BASH 4 FU2 8P UUU 3in®] PATH . SR AR, 5 FATERINE] ~/ .bashre H1,

[export PATH=~/mfgtools/uuu/:"$PATH"

o E udev I (7 uuu -udev HFE LN ) :

host:~$ sudo sh -c "wuu -udev >> /etc/udev/rules.d/70-uuu.rules"
host:~$ sudo udevadm control --reload

5.3.2 FEHEK

] DL FRATH IR %5 %8 F 3% imx-boot, B M Yocto %% H S A build/deploy/images/phyboard-segin-
imx93-2/FHEE .. B wic FBEEEF] eMMC, RiBFEFH phytec-qt6demo-image-phyboard-segin-imx93-
2.wic,

5.3.3 FAARESZ

Rf-bootmode switch (53) &HE USB H47 F#k. [FT, K USB s X8 (USB micro/OTG connector) 4%
FEAL,

5.3.4 i&iF UUU I EBBzh bootloader
PATIH AT B b

[host:~$ sudo uuu -b spl imx-boot

] DMEFE R —#fif ik UARTI console on PEB-EVAL-01 for phyBOARD-Segin and X-37 USB-C debug
for pnyBOARD-Nash 74 F & F 580 Hib .

ik

UUU LM ERINS 34 A fastboot. ARG E M ML E, WA U-Boot /R R setenv
bootemd_mfg B M IFEAS B bootemd mfg. (HRTEHRE, SUHFERFXRMH UUU THF3HhE, BRAH
BAF RSO, saveenv HJEJE AL WREREK AR E R U-boot HE3IMH4, MFEE R U-Boot
1,
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5.3.5 i&iT UUU I B U-boot RIS E eMMC

e

UUU % U-boot kil A eMMC BOOT (fif {4) & 2h 4 X J5, & 7 eMMC ' & &
BOOT_PARTITION_ENABLE. X & —A~ &, K A4 E bootloader fRAFFE eMMC 1y
USER 43X, WHEEE A BmE S U-boot [f.wic 858 M A2 BOOT PARTITION ENABLE (i,
B 2RO IR AE AR FAE BOOT 43X Hg U-boot. & THE U-Boot HrfipktFif, 7%

u-boot=> mmc partconf 0 06 0 0
u-boot=> mmc partconf 0

EXT CSD[179], PARTITION CONFIG:
BOOT ACK: 0x0

BOOT PARTITION ENABLE: 0Ox0
PARTITION ACCESS: 0x0

HHTE linux A M eMMC boot 43X 3]
XFE bootloader BAAXHREF| eMMC 1) BOOT 44X, {HIEESIH RN g !

fEfi ] partup THA .partup fit47 eMMC KGR, LR RBOAI TR, X2 partup KIILH,
fa LR E 1L AR .

PATHETF At B :

[host:~$ sudo uuu -b emmc imx-boot

5.3.6 &iT UUU TR wic EF1xEF eMMC
PATH AT R L H

[host:~$ sudo uuu -b emmc_all imx-boot phytec-qt6demo-image-phyboard-segin-imx93-2.wic

5.4 MITHmFES

In this section, we describe how to build the U-Boot and the Linux kernel without using the Yocto Project.
This procedure makes the most sense for development. The U-Boot source code, the Linux kernel, and all
other git repositories are available on GitHub.

5.4.1 Git B
o« Y U-Boot

[git://git.phytec.de/u—boot—imx

o FAIH U-Boot FT u-boot-imx F-ES M T —LEHE {FAH AN T
o [ Linux WEQHE:

[git://github.com/phytec/linux—phytec—imx.git

o FATHY iMX 93 WiZZET linux-phytec-imx %,
B thAZ DR A 1) u-boot il kernel FRAXTN git (b tag F7%:, TEEH BT BSP Y%k

FE 26
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meta-phytec/recipes-kernel/linux/linux-phytec-imx_*.bb
meta-phytec/recipes-bsp/u-boot/u-boot-imx_*.bb

5.4.2 3%H SDK

You can download the SDK from the i.MX 91 SDK or i.MX 93 SDK downloads page, or build it yourself
with Yocto:

o F31%] Yocto f¥) build H%:

host:~$ source sources/poky/oe-init-build-env
host:~$ bitbake -c populate sdk phytec-qt6demo-image # or another image

ERIHIR)G, SDK 23 5474E build/deploy*/sdk.,

5.4.3 &% SDK
o WEIEHRRRHT %% SDK:

-

host:~$ chmod +x phytec-ampliphy-vendor-glibc-x86 64-phytec-qt6demo-image-cortexa55-toolchain-5.0.8.sh
host:~$ ./phytec-ampliphy-vendor-glibc-x86 64-phytec-qt6demo-image-cortexa55-toolchain-5.0.8.sh

Enter target directory for SDK (default: /opt/ampliphy-vendor/5.0.8):

You are about to install the SDK to "/opt/ampliphy-vendor/5.0.8". Proceed [Y/n]? Y
Extracting SDK...done

Setting it up...done

SDK has been successfully set up and is ready to be used.

5.4.4 {Ef SDK
I AE THEEH & source environment-setup SUARWIIRCIRRY shell A2 AR ER5E -

[host:~$ source /opt/ampliphy-vendor/5.0.8/environment-setup-cortexa55-phytec-linux ]

545 REMEIR

M7 %1% Linux kernel fil U-Boot T8 FHL L% — LMY T H . ¥F Ubuntu, 0] DA DA R 634 2%E
BA:

[host:~$ sudo apt install bison flex libssl-dev

i

TR EALEATI (B4, Ubuntu 20.04 LTS) i Scarthgap NXP JAtfr) BSP i, #%#H T+
HLA) U-Boot &Y Linux NZ L EA[RES H IR E. Q1R # %] undefined reference” #5i%, —Fhff i
T PATH 385548 5 P A EALAY binutils,

[host$ export PATH=/usr/bin:$PATH ]

TEim#k SDK environment-setup )5, afTIa4 .

TR, TERHIRAH AT (A1 Ubuntu 22.04) HHoRULEEE] SDK A& M, XS8R ATRUMLT- TEHAE
e e R RT IE 3 TAE
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5.5 Bih%Ei¥ U-Boot

5.5.1 FREUEED
« 3RHL U-Boot JEHG:

[host:~$ git clone git://git.phytec.de/u-boot-imx ]

o TIRBUEHWAN U-Boot tag, RETEFEIL(TN release notes, W] PAZEX HILF|: release notes
o IWHRASH) tag BN v2024.04-2.2.0-phy17
o BHEIITER U-Boot tag:

host:~$ cd ~/u-boot-imx/
host:~/u-boot-imx$ git fetch --all --tags
host:~/u-boot-imx$ git checkout tags/v2024.04-2.2.0-phyl7

o WEARLEFE, EIAENT A U-Boot, (HSEER Ll f 28—t — L a4 gk:
- QB EHCHRIT R

[host:~/u-boot-imx$ git switch --create <new-branch>

ik
BEATDMRIE I R 2 A 1T an 4 BHIT %3 3, X HE— il

o BEEIFIGL:

[host:~/u-boot-imx$ source /opt/ampliphy-vendor/5.0.8/environment-setup-cortexa55-phytec-linux

5.5.2 FRERFTFRAY 2L 3¢

FHiF imx-boot, MFFE WX LE CPFAF LM imx-mkimage T4
o ARM Trusted firmware binary (mkimage tool compatible format bl31.bin): bl31-imx*.bin
« OPTEE #if% (WJi%1Y): tee.bin

« DDR firmware files ( mkimage I B FF & # X Ipddr4_[i,djmem_ *d_ *.bin
): Ipddr4__dmem_ 1d_ *.bin, Ipddr4__dmem_ 2d_ *.bin, Ipddr4__imem_ 1d_ *.bin,
Ipddr4 imem 2d *.bin

o Container image: mx*-ahab-container.img
MRIEC LM Yocto i TIRATN BSP, Al AMLAL SRS H SRR SE 1 BSP fmages
BEAR VT PATEX BN 30 for i.MX 91 or for i. MX 93

ot
HPRISE a4 TR IS, AR mkimage tool Ff%
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5.5.3 4giF bootloader

e i u-boot:

host:~/u-boot-imx$ make <defconfig>
host:~/u-boot-imx$ make
host:~/u-boot-imx$ cd ..

Ik

In command above replace <defconfig> with imx93-phycore defconfig or imx91-phycore defconfig

{#H imx-mkimage ZRiZE2%AY flash.bin

e FREL imx-mkimage:

-

host:~$ git clone https://github.com/nxp-imx/imx-mkimage
host:~$ cd imx-mkimage/
host:~/imx-mkimage$ git checkout tags/1f-6.6.52-2.2.0

L

RERF B SR ] #] imx-mkimage

host:~/imx-mkimage$ cp ../artefacts/bl31-imx*.bin ./iMX9/b131.bin
host:~/imx-mkimage$ cp |
../artefacts/lpddr4d * |\
../artefacts/mx*-ahab-container.img |\
../artefacts/tee.bin |
./1MX9/

o J u-boot kI SCEA DTB & #1%] imx-mkimage H

host:~/imx-mkimage$ cp ../u-boot-imx/spl/u-boot-spl.bin ../u-boot-imx/u-boot.bin ./iMX9/
host:~/imx-mkimage$ cp ../u-boot-imx/arch/arm/dts/<dtb> ./iMX9/

L

ik

In command above replace <dtb> with imx93-phyboard-segin.dtb

o SR flash.bin —EHSOME

[host:~/imx-mkimage$ make S0C=iMX9 REV=Al flash singleboot ]

5.5.4 J& bootloader IREFRIEEZ L
flash.bin W] PATE imx-mkimage/iMX9/H3& F##], BAER A THRE . T8 MEE T B MRS

SoC User X 1RFBE Boot X IEHEE eMMC &&
iMX 93 32 kiB 0 kiB /dev/mmeblk0

B, b5 SD f:

FE 29
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[host:~/imx-mkimage$ sudo dd if=./iMX9/flash.bin of=<sd-card> bs=1024 seek=32 conv=fsync ]

ik

1E L ar o, F <sd-card> HHCONERY SD Rik& a0k, A RMMAKIIRELAHRNEZHFLR, HSH
AR i FREIER B8 44 -

7N

R EAEFATE BSP Yocto LREAHY, HAKMWMABIE M STE Yocto 248 #”BOOTLOADER _SEEK”
FI"BOOTLOADER,_SEEK EMMC” 751,

5.6 BMEIFAE

ik

DTB Filenames: Command lines listed in this chapter use the device tree file name imx93-phyboard-
segin.dtb as an example. The actual file name always corresponds to the SOM/carrier board combination
you want to use. For supported SOM/carrier board combinations, see Supported Hardware.

5.6.1 ELEIFE
o fHi Y linux-phytec-imx 433 ] PAYE release notes HH$RF|
o IR TR MR Y v6.6.52-2.2.0-phy 16
o Check out fIf§Ef¥ linux-phytec-imx Fr2::

host:~$ git clone git://github.com/phytec/linux-phytec-imx.git
host:~$ cd ~/linux-phytec-imx/

host:~/linux-phytec-imx$ git fetch --all --tags
host:~/linux-phytec-imx$ git checkout tags/v6.6.52-2.2.0-phyl6

o NTHRATHEU, HRAVEB IR — A5

[host:~/1inux-phytec-imx$ git switch --create <new-branch> ]

. BRI

[host:~/1inux-phytec-imx$ source /opt/ampliphy-vendor/5.0.8/environment-setup-cortexa55-phytec-linux ]

5.6.2 FiFNE
o i Linux W% :

host:~/linux-phytec-imx$ make imx9 phytec defconfig
host:~/linux-phytec-imx$ make -j$(nproc)

o AN, I NFS H

FE 30
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[host:~/1inux-phytec-imx$ make INSTALL MOD PATH=/home/<user>/<rootfspath> modules install

o BB PAYE ~/linux-phytec-imx/arch/arm64/boot/Image %%
o dtb X PAFE ~/linux-phytec-imx/arch/arm64/boot/dts/freescale/imx93-phyboard-segin.dtb #% %]
o B (HH) HIFAWF -overlay X, HFFEAT

[host:~/linux-phytec-imx$ make dtbs

Ik
PUESES SR TRk

[scripts/dtc/yamltree.c:9:10: fatal error: yaml.h: No such file or directory ]

HPREAE FHLARGE L2887 libyaml-dev” £

[host:~$ sudo apt install libyaml-dev ]

5.6.3 BAZEHE SD R
W% B module FIXS R B8 bl SCHFERT AT DA T A il B 2 Hi ki SD R ks

host:~/linux-phytec-imx$ cp arch/armé64/boot/Image /path/to/sdcard/boot/

host:~/linux-phytec-imx$ cp arch/armé64/boot/dts/freescale/imx93-phyboard-segin.dtb /path/to/sdcard/boot/
—oftree

host:~/linux-phytec-imx$ make INSTALL MOD PATH=/path/to/sdcard/root/ modules install

5.7 Format SD card

PR SD REIEXFEMEN T TR S &I RS R P WAL 55 . AT R iR St e
REFGG /NG T BN root /rXFREE. B SD RIFTIRE, WX RETEY e fl@d
—NFRE) 5 K AU R T E AT DAME AL SD . i SR ke i Gparted.
5.7.1 Gparted

o 3RHL GParted:

[host:~$ sudo apt install gparted ]

o Insert the SD card into your host and get the device name:

host:~$ dmesg | tail

[30436.175412] sd 4:0:0:0: [sdb] 62453760 512-byte logical blocks: (32.0 GB/29.8 GiB)
[30436.179846] sdb: sdbl sdb2

e Unmount all SD card partitions.

o H3) GParted:

[host:~$ sudo gparted
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J/dev/sde - GParted

GParted Edit View Device Partition Help

/dev/sde (3.71GiB)

848.81 MiB 2.81GiB

[ ]
I ‘ Jdev/sde2 unallocated

unallocated [lunallocated 4.00 MiB — -
/dev/sde1 fat16 boot 65.00 MiB 40.13 MiB 24.87 MiB bootk, lba
[dev/sde2 ext4 root 848.81 MiB 848.81 MiB 0.00B
unallocated [ unallocated 2.81GiB = =

0 operations pending

T RRL RS

o

fifi fi] resize2fs U4 1.46.6 K ERARAN PC 24 (40 Ubuntu 22.04) F¥EREEAE Mickledore DA K 5
By yocto WA FAIER) partup FAFE . XAZ A resize2fs B T ERINETN SBIWHAMERE . H
RFEMER, BESH L .

e Choose your SD card device at the drop-down menu on the top right

o MeFE extd MR SR

FR 32
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J/dev/sde - GParted

GParted Edit View Device Partition Help

Jdev/sde (3.71GiB) ~

Jdev/sde2 unallocated
848.81 MiB 2.81GiB

unallocated [lunallocated 4.00 MiB — -
/dev/sde1 [ | fat16 boot 65.00 MiB 40.13 MiB 24.87 MiB boot, lba
Jdev/sde2 ext4 root 848.81 MiB 848.81 MiB 0.00B
unallocated [lunallocated 2.81GiB -_ -

0 operations pending

Resize/Move [dev/sde2

Minimum size: 849 MiB Maximum size: 3727 MiB
Free space preceding (MiB): 0 +
New size (MiB): 849 +
Free space Following (MiB): 2878

Align to: MiB

Cancel

o BEATDMRIE RS 2GS SR T3 A KN
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Resize/Move [dev/sde2

Minimum size: 849 MIB Maximum size: 3727 MIB

Free space preceding (MiB): o

New size (MiB):
Free space following (MiB):

Align to:

o Ml “Change Size” FHIBIALIHIA

Jdev/fsde - GParted

GParted Edit View Device Partition Help

] « V
I ‘ Jdev/sde2

3.64 GiB

unallocated [ unallocated 4,00 MiB —
/dev/sde1 fat16 boot 65.00 MiB 40.13 MiB
/dev/sde2 ext4 root 3.64GiB 848.81 MiB

>l Grow /dev/sde2 Ffrom 848.81 MiB to 3.64 GiB

1 operation pending

o W HEREL, RO,

_|_

/dev/sde (3.71GiB) ~

24.87 MiB boot, Ilba
2.81GiB

FE
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o IR AR AR 2 X I6 phytec-qt6demo-image-phyboard-segin-imx93-2.wic 5145 HI 3| H g, 2K
JaEEIEE

host:~$ sudo cp phytec-qt6demo-image-phyboard-segin-imx93-2.wic /mnt/ ; sync
host:~$ umount /mnt

BEBE=ITE

e Choose your SD card device at the drop-down menu on the top right

Jdev/sde - GParted

GParted Edit View Device Partition Help

/dev/sde (3.71GiB)

848.81 MiB 2.81GiB

]
I ‘ /dev/sde2 unallocated

unallocated [lunallocated 4.00 MiB - -
/dev/sde1 fat16 boot 65.00 MiB 40.13 MiB 24.87 MiB bool, Ilba
/dev/sde2 ext4 root 848.81 MiB 848.81 MiB 0.00B
unallocated [ unallocated 2.81GiB — —

0 operations pending

o MEREEORAURIEKER, A5 New”:
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Create new Partition

Minimum size: 1 MiB Maximum size: 2878 MiB
Free space preceding (MiB): F Create as: Primary Partition
Mew size (MiB): Partition name:
Free space following (MiB): File system: ext4
Align to: Label:
Cancel
. ){—f‘;fﬁ‘”Add”
0 O = 0 [
P D P D
8] /d d B
Jdev/sde2 New Partition #1
848.81 MiB 2.81GiB
D B B B D D
F Q o D
[ D d

o FEROATINEL.
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J/dev/sde - GParted

GParted Edit View Device Partition Help

/dev/sde (3.71GiB)

848.81 MiB 2.81GiB

[ ]
I ‘ Jdev/sde2 Jdev/sde3

unallocated [ unallocated 4.00 MiB — —
/dev/sde1 fat16 boot 65.00 MiB 40.13 MiB 24.87 MiB bootk, lba
[dev/sde2 ext4 root 848.81 MiB 848.81 MiB 0.00B
/dev/sde3 extd 2.81GiB 99.89 MiB 2.71GiB

0 operations pending

o AR AT DAHE B 4> IX 4% phytec-qt6demo-image-phyboard-segin-imx93-2.wic #5515 & #i 3| H .,
RIGHIEE -

host:~$ sudo mount /dev/sde3 /mnt
host:~$ sudo cp phytec-qt6demo-image-phyboard-segin-imx93-2.wic /mnt/ ; sync
host:~$ umount /mnt

5.8 Enabling JTAG Debug Interface on phyBOARD Nash

The i.MX 93 has a JTAG debug interface which can be used to debug software running on the SoC. The
JTAG interface is routed through the pinmux and is not enabled by default. To enable the JTAG interface,
please add this overlay to your bootenv.txt file:

[imx93—phyboard—nash—jtag.dtbo

ik

JTAG and the MIPI CSI interface cannot be used at the same time, since they share the same pins.
Jumper JP15 switches signals between JTAG and MIPI CSI. It needs to be set to use JTAG.
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CHAPTER 6

ig&#H (DT)

6.1 §r48
DU R SCA IR T804, 36T ARG K SCRY T DAZE Linux kernel SCR{HRE] (https://docs.kernel.

org/devicetree/usage-model.html),

“Open Firmware Device Tree” sfiifRi s (DT) J&—F M THARE IO RIREGHAIE & . A HI,
e HRE RS EREURE A, AERIE RS ZX machine (20T UEF T A 4 i

WSR2 ST BRI — D AER I IR . T B W BiAR sCAO A IT PATE devicetree.org [IRE& M fil
LIDNIE 20

6.2 PHYTEC i.MX 93 BSP & ZHifE
PAREAMEE T PHYTEC FCEET i.MX 93 BAZ O it — S5 ]

6.2.1 EEMLEN
o Module.dtsi - SUAFRFEIA ZRAEZ O BRI, Hlin PMIC il RAM,
e Board.dts - f 5 %0 dtsi X M SoC 1.MX 93 5] HIFFE AR i e &AL & 7E L dts .
o Overlay.dtso - RYFZ OB AT 68 (£ (40 SPI [N{Fsk PEB-AV-10) GRS /85 L
Uik
FE Linux WM E T, FATHY L.MX 9 P& ik 04T PAXE arch/armé4/boot/dts/freescale/ 33,

6.2.2 iE&## Overlay

WA Overlay J& 7] PATE S I B AR P 03 s i 7 BE. T 9 AR R (ot o XoF FE VRS Hh )
include, overlay i1t % 35 19 R AERL . overlay o 0] DAARHE S b 1 & AR A i 428 F >R a8 B8 2 40 0t
Do WA Overlay 5FAT Linux PIAZ G 1 b i) AU £ SC1— A BCFE - SCfF9% arch/arm64/boot/dts/
freescale/ H1,

phyboard-segin-imx93-2.conf 7] f ] overlay {44 :
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imx93-phyboard-segin-peb-av-02.dtbo
imx93-phyboard-segin-peb-eval-01.dtbo
imx93-phyboard-segin-peb-wlbt-05.dtbo
imx93-phycore-npu.dtbo
imx93-phycore-rpmsg.dtbo
imx91-imx93-phycore-no-emmc.dtbo
imx91-imx93-phycore-no-eth.dtbo

Available overlays for phyboard-segin-imx91-1.conf are:

imx91-phyboard-segin-peb-av-02.dtbo
imx91-phyboard-segin-peb-eval-01.dtbo
imx91-phyboard-segin-peb-wlbt-05.dtbo
imx91-imx93-phycore-no-emmc.dtbo
imx91-imx93-phycore-no-eth.dtbo

phyboard-nash-imx93-1.conf 1] ] overlay £ :

imx93-phyboard-nash-jtag.dtbo
imx93-phyboard-nash-peb-av-10.dtbo
imx93-phyboard-nash-peb-wlbt-07.dtbo
imx93-phyboard-nash-pwm-fan.dtbo
imx93-phyboard-nash-vm016.dtbo
imx93-phycore-npu.dtbo
imx93-phycore-rpmsg.dtbo
imx91-imx93-phycore-no-emmc.dtbo
imx91-imx93-phycore-no-eth.dtbo

FPATE Linux 5{ U-Boot ¥5¢ FELE overlay. overlay @7E5| SV G . WARIMEZ B4R # T RM
A3 H S R R I

®E ${overlays} TE

${overlays} U-Boot IFHEAE &AL — D PAZHE W) overlay SCHF 3R, X 48 overlay SCHERAAE )5 B it
N M. R EE, overlay SCAFLUEAE eMMC/SD RIWFZN4 KX, BiE @S titp mEk. 7&
$KERNEL_DEVICETREE iX~ Yocto machine 25 & W% &1 overlay A6 B3N8l & & WIC 4514

R S

${overlays} ZAF 1] A EH%TE U-Boot IRIEHRE, W] PAEHAMIE bootenv. txt B85 SCAEH)—3 4 gﬁk
BT, ${overlays} A8 g2k B T/E8N 4 X bootenv. txt SCF. #AI PAYEE F BB HF &M B Linux {52
ORI 5 % 3

target:~$ cat /boot/bootenv.txt
overlays=imx93-phyboard-segin-peb-eval-01.dtbo imx93-phyboard-segin-peb-av-02.dtbo

ik
itk boot ZPXEHEEK! WEREA, EATLAGH VAN fr AT HE 8

[target:~$ mount /dev/mmcblkXp® /boot ]

SMCRAE N IR B R AR SR B R JHI bootenv. txt SCPF, WLAELHAE U-Boot FREEH I overlay 22

EL
Ho
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u-boot=> setenv overlays imx93-phyboard-segin-peb-av-02.dtbo
u-boot=> printenv overlays
overlays=imx93-phyboard-segin-peb-av-02.dtbo

u-boot=> boot

WRAFENLT ${overlays} Z5E, [A|IFFELE bootenv.txt S04, MIETHRE ${no_bootenv} ZFH:

u-boot=> setenv no bootenv 1
u-boot=> setenv overlays imx93-phyboard-segin-peb-av-02.dtbo
u-boot=> boot

HEMBEHEZ(EE, 2L U-boot External Environment subsection of the device tree overlay section.

?ﬂl]@ﬂq ${overlays} A HORIATEZITH TLERIN B MY M . R T 55 IEAE S sh . SI7E ${overlays}
B overlay, W] DAYE bootloader P55 H¥F ${no_overlays} A5 ik E R 1.

u-boot=> setenv no overlays 1
u-boot=> boot

6.2.3 U-boot JpERIRIE

1E Linux WAZJE3hIF, SPEBEREE bootenv. txt SUASCARRF M MMC #4571 boot 43 X TFTP fnzk.
S T H R AEGi ${overlays) 2. XA PAEFXI AR machine ¥£ Yocto HriiiE A overlay
Bl & . SO N A ALE meta-phytec H1f Yocto recipe H1f{ bootenv H1%E X : https://github.com/phytec/
meta-phytec/tree/scarthgap/recipes-bsp/bootenv

SR DA B A AR B . XA R R R R A R E . (HAXT boot A e E T AL AR B
AR, BN ${nfsroot} I ${mmcargs}. FE {4 B AAS B AN S H1EH %WJ?%E@JB/JH%{H/E#\J/TWJ

WERTCIEMBSNRINGL, RS R RS AT, I A PR AL B

6.2.4 7 Linux INETERF AR EE) U-boot IMFTEE
Libubooteny 2318564 a5 10—ATH, AFLEIF KM linux _EEk U-Boot FRi.
I LA F 4Tl U-Boot B

[target:~$ fw_printenv

AR i 21824 U-Boot 3155

[target:~$ fw _setenv <variable> <value>

7oty
Libubootenv & SEHHCE ST HRCE AP AL T . BB R SPdm A 30, BOAR LT
i eMMC it rbas &t

TR eMMC BB RS E eMMC FIEH#E R, libubootenv R Foik TAE. BV AZIBIN /etc/fw_env.
config S, DAVCHCHAR S0 AR .
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CHAPTER [

Halshi%

To find out which boards and modules are supported by the release of PHYTEC’s phyCORE-i.MX 93 BSP
described herein, visit our i.MX 91 BSP or i.MX 93 BSP web page and click the corresponding BSP release in
the download section. Here you can find all hardware supported in the columns "Hardware Article Number”
and the correct machine name in the corresponding cell under "Machine Name”.

KT B RACERAF AT S M, Linux WAZERIE T — DI AY B840, B AR AN TR B 20 R 43 2%
BSP (MR CRrf) R0 REHIXTE AT REFEA TR AL . 24 % T Apak B e SO AR, Ak (i
AJ DATHT FR S RS G o 5 BRI TE AR 6 i I AZACRS T AKE W AZ RIS P ) s i (DT) k3, %
12>/ arch/arm64/boot/dts/freescale/*.dts .

Sebr b, B AR Linux WAZ SR EERREZ —, JUHUETE ARM 28 B b o R d 2% HAN Y
RGGots i (SoC) o BN RMGBEIAEBR s (DT) b, M2 TSR . R TE— >l
Tk SR BRI 3k H o (Device Tree Blob, DTB) (2l device tree) .

TP PHYTEC i.MX 93 BSP Sl s, DA TAEFRATHY i.MX 9 BSP &5 iffsisl.

PANES M AA T 1 MX 9 V-5 b SCRRROECR AT SO B B RGTUKE ARy . % 7l AR B SR AT
Gl g8

7.1 i.MX 93 5||IEH

% 1.MX 93 Soc WEWFLIMIL M o N TIERFHROR B[R]0 B3 ROT IR (R R AS, 142
LMX 93 5 JIn] DAL B N 218 \FiE S . RASAAAEVFZ nT RERYS 2 B A ALy, (H i TR
HA— R AL G BAR AR 10 6. XA 10 RELEROHE, DOSA FPEAURTREZ 1
IVAiB7/p o

HSHEATREF PP NXP 1 MX 93 25 P, PASREUA S 5 | IAIE I RE I 245 B

IO SA I, U5 T (muxing), SEAEREAR PSR, BEENRLF pinctrl-single BRI 4 YT
fsl,pins, FFEFT5 AL AL

PAF &2 imx93-phyboard-segin.dts W UART1 54005 | IS 5 :
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pinctrl uartl: uartlgrp {
fsl,pins = <
MX93 PAD UART1 RXD LPUART1 RX 0x31le
MX93 PAD UART1 TXD LPUART1 TX 0x30e

I3

FAEH R % — A8 7> MX93 PAD_UART1 RXD_ LPUART1 RX #5 & 7 51 Ml (£ X D61 2
UART1_RXD) . P58 s (LPUARTL_RX) 2i%5| M r B2 k. 51 MicEm (60
At NERME) & SCTHIRARRES, G, Wl a2 A s . Ao, AR Lh A
P -

The device tree representation for UART1 pinmuxing: https://github.com/phytec/linux-phytec-imx/blob/
v6.6.52-2.2.0-phy16/arch/arm64/boot /dts/freescale/imx93-phyboard-segin.dts#L263

7.2 Ethernet

phyBOARD-Segin/Nash i.MX 91/93 $2(LEA~PAKMBE D .
o 7F phyBOARD-Segin i.MX 91/93 I, 14
— i phyCORE-i.MX 93 $2{1tAY T JRPAK M
— tH phyBOARD #2AEr) F IEPAK R .
« 1F phyBOARD-Nash i.MX 93 |, Ff1f:
— i phyCORE-.MX 93 $#2ti77 JK AR
— th phyBOARD #2Er)TIEPAK K .

Jr A 42 DR PR — AR ME R Linux M 255 0, RTRAME A BSD 458 0 dbfT g . S ) 28 L - el
systemd-networkd ~FHFEFEEHE . AH W ECE SCEF AT AFETF A M) /1ib/systemd/network/ HSEHHRE], PA
KeAE BSP H1{1) meta-ampliphy/recipes-core/systemd/systemd-conf H 3¢,

IP addresses can be configured within *.network files. The interfaces are configured to static IP as default.
The default IP address and netmask for ethO is:

[eth@: 192.168.3.11/24 ]

To configure ethO to dynamic IP over DHCP, go to /lib/systemd/network/\*-eth@.network and delete the
line:

[Address=192.168.3.11/24 ]

The DT Ethernet setup might be split into two files depending on your hardware configuration: the module
DT and the board-specific DT. The device tree set up for the ethernet where the PHY is populated on the
SoM can be found here: for phyCORE i.MX 91 or phyCORE i.MX 93.

The device tree set up for EQOS Ethernet IP core where the PHY is populated can be found here: for
phyBOARD-Segin i.MX 91 or phyBOARD-Segin i.MX 93 or phyBOARD-Nash i.MX 93
7.2.1 MBEE

U-boot 4SS
o HHE bootloader HHAx#; DA M 15 i :

i) svis 44
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[u-boot=> printenv ipaddr serverip netmask ]

o TERFEALEN TP 192.168.3.10 FIFRI#ERY 255.255.255.0 WEOL T, TFA ARV %R ]

u-boot=> printenv ipaddr serverip netmask
ipaddr=192.168.3.11

serverip=192.168.3.10
netmask=255.225.255.0

o UNSRIERTE R TAT A T R :

[u-boot=> setenv <parameter> <value> ]

<parameter> [/ i% & ipaddr, netmask. gatewayip 3 serverip H1fj—4~, <value> ¥ 2 iS5
WEE .
ST S 2 H B Im I . BRI S

[u—boot=> saveenv ]

TEX L, B DA TP #bhik ol DHCP, A2 6 A TP Hbdik.
o BCE:

[u-boot=> setenv ip dhcp ]

o WE TFTP M1 NFS fy##42. BUn] AR R

u-boot=> setenv nfsroot /home/user/nfssrc ]

—

YRR, X L5 bootloader 15 E .

IS

% nfsroot Fl netargs X FF)AS & W] PAGE U-boot FMEREE E?‘ﬁmﬁ YT M4 JE3l, SMPEREE R
tftp nak. Flan, HE bootenv.txt (A H%E nfsroot A8 &, HAE tftproot H &M :

[nfsroot=/home/user/nfssrc ]

Tl KR X ER . EHEE, U-boot AP EERT T4 ipaddr By serveraddr iXFEH2AS B ANE
1’EH§, R B ATTHE IR AN EREE 2 B B 2801 B 58

Multiple network interfaces in U-Boot

Some boards may have support for multiple network interfaces in U-Boot. U-Boot lists all supported network
interfaces during startup. This generic example illustrates support for multiple network interfaces:

Net:
eth0: ethernet@l0000000, ethl: ethernet@l0010000

There are three environment variables that will contribute to the selection of the ethernet interface for
example when loading a file over tftp.

ethrotate
Determines if other interfaces will be probed if the first one fails. Valid values are yes/no. Default is
yes if unset.

iEIME 45



phyCORE-i.MX 93 BSP Manual PD24.2.2

Doc-rev.: imx95-alphal-286-gee5cbba

ethact

Sets the current active ethernet interface. This interface will be used (first). It is usually unset at
boot, but will be set automatically by U-Boot to the last used interface as soon as ethernet is used for
the first time. U-Boot will overwrite existing values. Only one ethernet interface can be set, lists are

not allowed.

ethprime

This will determine the preferred ethernet interface if ethact is unset. Otherwise this will be ignored.

Only one ethernet interface can be set, lists are not allowed.

ik

The variables ipaddr, serverip and netmask are global and not specific to a certain ethernet interface, so

they might need to be adapted to the ethernet interface in use.

EATE 2 &

e Find the ethernet settings for eth0 in the target kernel:

RX: bytes packets errors dropped
0 0 0 0

0 0 0 0

L

target:~$ ip -statistics address show eth0@
2: ethO: <NO-CARRIER,BROADCAST,MULTICAST,UP> mtu 1500 qdisc mq state UP group default qlen 1000

link/ether 50:2d:f4:19:d6:33 brd ff:ff:ff
missed

0

TX: bytes packets errors dropped carrier

0

ffiffff
mcast
0
collsns
0

e Temporary adaption of the ethO configuration:

[target:~$ ip address add 192.168.3.11/24 dev eth0

7.3 WLAN/Bluetooth

WLAN and Bluetooth connectivity are enabled on the phyBOARD-Segin i.MX 91/93 using the PEB-WLBT-
05 expansion card, and on the phyBOARD-Nash i.MX 93 with the PEB-WLBT-07 expansion card. Installa-
tion instructions for these WLAN and Bluetooth expansion cards can be found in the "The PEB-WLBT-05
for phyBOARD-Segin i.MX 91/93 Quickstart Guide” and the "The PEB-WLBT-07 for phyBOARD-Nash

i.MX 93 Quickstart Guide”, respectively.”

7.3.1 PEB-WLBT-05 on phyBOARD-Segin i.MX 91/93

TN

With the BSP Version PD24.2.0 and newer, the PEB-WLBT-05 overlay needs to be activated first,
otherwise the PEB-WLBT-05 won’t be recognized.

[target:~$ vi /boot/bootenv.txt

ZJ5, bootenv.txt ICIFNMIZAN TR (EIEA A& HAM B A overlay!) :

[overlays:imx93-phyboard-segin-peb-wlbt-OS.dtbo

SRR S JE Y -
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[target:~$ reboot ]

BRI overlay 25 H, I device tree TETT,

With PEB-WLBT-05 adapter, we use Sterling-LWB module from LSR for WLAN and Bluetooth support.
This module supports 2,4 GHz bandwidth and can be run in several modes, like client mode, Access Point
(AP) mode using WEP, WPA, WPA2 encryption, and more. More information about the module can be
found at https://connectivity-staging.s3.us-east-2.amazonaws.com/2019-09/CS-DS-SterlingLWB%20v7_ 2.
pdf

ik

For proper Bluetooth operation please make sure to follow the "The PEB-WLBT-05 for phyBOARD-
Segin i.MX 91/93 Quickstart Guide” to correctly set jumper J9 & J10 configurations.

7.3.2 PEB-WLBT-07 on phyBOARD-Nash i.MX 93

INETS

With the BSP Version PD24.2.1 and newer, the PEB-WLBT-07 overlay needs to be activated first,
otherwise the PEB-WLBT-07 won’t be recognized.

[target:~$ vi /boot/bootenv.txt ]
ZJ5, bootenv.txt SN IZANT PR (B A AL & HARR A overlay!) :
[overlays=imx93-phyboard-nash-peb-wlbt-07.dtbo ]
SE R H i e Y -

[target:~$ reboot ]

B XBEEW overlay FIH 25 B, 1§ BEdevice tree THT,

With PEB-WLBT-07 adapter, we use MAYA-W2 from u-blox for WLAN and Bluetooth support. This
module supports dual-band 2,4 GHz and 5 GHz bandwidth and can be run in several modes, like client
mode, Access Point (AP) mode using WEP, WPA, WPA2 encryption, and more. More information
about the module can be found at https://content.u-blox.com/sites/default /files/documents/MAYA-W2
DataSheet_ UBX-22009721.pdf

ik

The following WLAN chapter assumes wireless network interface name is wlan0. However with PEB-
WLBT-07 adapter the name of the WLAN interface is actually mlan@. Thus when using commands to
configure wireless network, substitute wlan@ with mlan®@ when using PEB-WLBT-07 on phyBOARD-Nash
i.MX 93.
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7.3.3 &EEF| WLAN M4
T C U ST R R 14 T M A

target:~$ iw reg set DE
target:~$ iw reg get

RR&HE:

country DE: DFS-ETSI
(2400 - 2483 @ 40), (N/A, 20), (N/A)
(5150 - 5250 @ 80), (N/A, 20), (N/A), NO-OUTDOOR
(5250 - 5350 @ 80), (N/A, 20), (0 ms), NO-OUTDOOR, DFS
(5470 - 5725 @ 160), (N/A, 26), (06 ms), DFS
(57000 - 66000 @ 2160), (N/A, 40), (N/A)

WEICIE

target:~$ ip link
target:~$ ip link set up dev wlan®

DRG] AT m] Y PRy 190 4% -

[target:~$ iw wlan® scan | grep SSID

AT A — 55 1% P, 448 wpa_supplicant, 323 WEP, WPA Fl WPA2, DA N i .
M, MR S0 /etc/wpa_supplicant.conf H71:

country=DE

network={
ssid="<SSID>"
proto=wPA2
psk="<KEY>"

}

DUAE ] DA ST 3 4 :

[target:~$ wpa_supplicant -D nl1860211 -c /etc/wpa supplicant.conf -i wlan@ -B

XAEIA T i -

[Successfully initialized wpa_supplicant

ip Hisik H shiEit DHCP W& . 3 HA R EEny IP BlE, 2S04 Yocto Reference Manual (scarthgap) H7
ML E R

7.3.4 ETF

Bluetooth is connected to UARTS5 interface. The Bluetooth device needs to be set up manually:

target:~$ hciconfig hci@ up
target:~$ hciconfig -a
hci0: Type: Primary Bus: UART

BD Address: 00:25:CA:2F:39:96 ACL MTU: 1021:8 SCO MTU: 64:1
UP RUNNING PSCAN

(85 R 70)
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RX bytes:1392 acl:0 sco:0 events:76 errors:0
TX bytes:1198 acl:0 sco:0 commands:76 errors:0

(e E1)

DU DAF PRI h ity ] DL F e AEBOABCE R, B 2 AT I

target:~$ hcitool scan
Scanning ...
XX 2 XXt XX 2 XX 2 XX 2 XX <SSID>

7.3.5 oI
FEG ] L

[target:~$ hciconfig hci® piscan

BRI AT L :

[target:~$ hciconfig hci® noscan

7.3.6 &EHE

target:~$ bluetoothctl

[bluetooth]# discoverable on

Changing discoverable on succeeded
[bluetooth]# pairable on

Changing pairable on succeeded
[bluetooth]# agent on

Agent registered

[bluetooth]# default-agent

Default agent request successful
[bluetooth]# scan on

[NEW] Device XX:XX:XX:XX:XX:XX <name>
[bluetooth]# connect XX:XX:XX:XX:XX:XX

7.4 SD card

The i.MX 93 supports a slot for Secure Digital cards to be used as general-purpose block devices. These

devices can be used in the same way as any other block device.

&

Of

=

BB AR IR . R, I PRAE B s AR I A B E . X RES S EHR R R

After inserting an SD card, the kernel will generate new device nodes in /dev. The full device can be reached

via its /dev/mmcblkl device node. SD card partitions will show up as:

[/dev/mmcblk1p<Y>

)

<Y> MR RGT, ML ITIRTTRL BRI R KA. 70 DT DARE AT A 2R 2 S R Gt Ay
Ak, I H AT ALMARHET A TAL B, Bildn, TPAGE] mount Al umount fiy &84T 73 X HE A1 -
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I

X KB T 20K SD RS AR XK (EUT M) . WREATRE, WERNREER
— ARG (RRIT “HAEL”) . XML T, DA /dev/mmeblkl FEATAE A MLRIHE. F
AL AT 57 2 HEE

DT configuration for the MMC (SD card slot) interface can be found here:

o for phyBOARD-Segin i.MX 91: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot /dts/freescale /imx91-phyboard-segin.dts#1.209

o for phyBOARD-Segin iMX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx93-phyboard-segin.dts#L217

o for phyBOARD-Nash iMX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx93-phyboard-nash.dts#L206

DT configuration for the eMMC interface can be found here:

o for phyBOARD-Segin i.MX 91: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx91-phycore-som.dtsiA#L192

o for phyBOARD-Segin i.MX 93 or phyBOARD-Nash iMX 93: https://github.com/phytec/

linux-phytec-imx/blob/v6.6.52-2.2.0-phy16 /arch /arm64 /boot /dts/freescale /imx93-phycore-som.
dtsi#L194

7.5 e.MMC Devices

PHYTEC modules like phyCORE-i.MX 93 are populated with an e MMC memory chip as the main storage.
e.MMC devices contain raw Multi-Level Cells (MLC) or Triple-Level Cells (TLC) combined with a memory
controller that handles ECC and wear leveling. They are connected via an SD/MMC interface to the i. MX
93 and are represented as block devices in the Linux kernel like SD cards, flash drives, or hard disks.

The electric and protocol specifications are provided by JEDEC (https://www.jedec.org/
standards-documents/technology-focus-areas/flash-memory-ssds-ufs-emmc/e-mmce).  The e MMC manu-
facturer’s datasheet is relatively short and meant to be read together with the supported version of the
JEDEC e.MMC standard.

PHYTEC currently utilizes the e MMC chips with JEDEC Version 5.0 and 5.1

7.5.1 '@ CSD HHE2%

e.MMC devices have an extensive amount of extra information and settings that are available via the Ex-
tended CSD registers. For a detailed list of the registers, see manufacturer datasheets and the JEDEC
standard.

#E Linux P2, 50 DAZEIAP 1725

[target:~$ mmc extcsd read /dev/mmcblk0

(GRS EElE

Extended CSD rev 1.7 (MMC 5.0)

(ZEFm)
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(B D)
Card Supported Command sets [S CMD SET: 0x01]
[...]

7.5.2 {ERE/FE#RIE (BKOPS)

In contrast to raw NAND Flash, an e MMC device contains a Flash Transfer Layer (FTL) that handles
the wear leveling, block management, and ECC of the raw MLC or TLC. This requires some maintenance
tasks (for example erasing unused blocks) that are performed regularly. These tasks are called Background
Operations (BKOPS).

BOAREL T (BukrkTth ), JEGEEE e T, arsEhs, Mng e s iR ] o

The JEDEC Standard has specified a method since version v4.41 that the host can issue BKOPS manually.
See the JEDEC Standard chapter Background Operations and the description of registers BKOPS__EN (Reg:
163) and BKOPS_START (Reg: 164) in the e MMC datasheet for more details.

it BKOPS_EN (Fff#%: 163) f{y MANUAL_EN ({7 0) A& X:
o {H 0: THIAZIHEFHM%E BKOPS, #4845 AMAESZH|H0H,
o A 10 FHSFEFIIflAk BKOPS, MEHAHITRAELEN, B Ak BKOPS,

The mechanism to issue background operations has been implemented in the Linux kernel since v3.7. You
only have to enable BKOPS_EN on the e. MMC device (see below for details).

JEDEC i v5.1 51T —HMugiiy B 3 BKOPS JhfE. B EHLREW & Mk 5 G 8fE, HogBes s
& A BIRS BKOPS (12 I3 fr4s BKOPS_EN (2fff#s: 163) H{i AUTO_EN fffid).

o HH# BKOPS_EN ZHERE, WlT:

[target:~$ mmc extcsd read /dev/mmcblk0 | grep BKOPS EN

s, plin:

Enable background operations handshake [BKOPS EN]: 0x01
#0R
Enable background operations handshake [BKOPS EN]: 0x00

{H 0x00 /8 BKOPS_EN 48], WA E ATEREZ EI 0. (A 0x01 #7x BKOPS_EN #/H ], &
UIRSE N pa Y ER=E o (o

o DA TS fE BKOPS EN:

target:~$ target:~$ mmc --help

[...]
mmc bkops_en <auto|manual> <device>
Enable the eMMC BKOPS feature on <device>.
The auto (AUTO EN) setting is only supported on eMMC 5.0 or newer.
Setting auto won't have any effect if manual is set.
NOTE! Setting manual (MANUAL EN) is one-time programmable (unreversible) change.

L

o WE BKOPS_EN fif, #if7:

[target:~$ mmc bkops en manual /dev/mmcblkO

o N TERRHTICEAROT HINZRER F 3hfil & BKOPS, o XM ARSE:
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[target:~$ poweroff ]

AN
BKOPS_EN @Ml gy, JoikikE .

7.5.3 T[EBEA

A RN [F] Y ] SRS AT :
1. Reliable Write option for a whole e MMC device/partition.
2. BIKEI TG AT

TN

Do not confuse e MMC partitions with partitions of a DOS, MBR, or GPT partition table (see the
previous section).

The first Reliable Write option is mostly already enabled on the e MMCs mounted on the phyCORE-i.MX
93 SoMs. To check this on the running target:

target:~$ mmc extcsd read /dev/mmcblk0 | grep -A 5 WR_REL_SET
Write reliability setting register [WR REL SET]: Ox1f
user area: the device protects existing data if a power failure occurs during a write o

peration

partition 1: the device protects existing data if a power failure occurs during a write
operation

partition 2: the device protects existing data if a power failure occurs during a write
operation

partition 3: the device protects existing data if a power failure occurs during a write
operation
partition 4: the device protects existing data if a power failure occurs during a write
operation

Device supports writing EXT_CSD _WR REL SET
Device supports the enhanced def. of reliable write

WERBOABAE A, FTAEH mme TRBEME:

target:~$ mmc --help

[...]
mmc write_reliability set <-y|-n|-c> <partition> <device>
Enable write reliability per partition for the <device>.
Dry-run only unless -y or -c is passed.
Use -c if more partitioning settings are still to come.
NOTE! This is a one-time programmable (unreversible) change.

AN EEE AT TS CMD23 Fig it E (7 Reliable Write Request parameter (555 Ak 2450 ({7
31). HWEHA v3.0 82, SUHERS (Fl extd ) HE) FIH P2 BN AR (W0 fdisk (43X E) SiEat
WZEEHZ TS YI6E. 7E Linux WA S, Ei#idhsE REQ_META #7408,

gk fHHEEETT data=journal 1) extd SCPFRGAEWIT O T R LA . SUF ARG AT ATEWT R 51K
SO RGE, (BAEWTL RTINS AREIETRES BK . TERFPITOLT, ARn] ARSI R R IE RS N T
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ORI VBRI SO TE RS (A7, 97 FIVRR T o 9740 L R S AR T fddatasyne 3§ fsyne.
7.5.4 FE extd RIHFRFEBIKX/N

When flashing the SD card image to e MMC the ext4 root partition is not extended to the end of the e. MMC.
parted can be used to expand the root partition. The example works for any block device such as e MMC,

SD card, or hard disk.
o BRBCYRTIAT )N

[target:~$ parted /dev/mmcblkO print

o HHT:

Model: MMC Q2J55L (sd/mmc)

Disk /dev/mmcblk@: 7617MB

Sect[ 1799.850385] mmcblk0: pl p2

or size (logical/physical): 512B/512B
Partition Table: msdos

Disk Flags:

Number Start End Size Type File system Flags

1 4194kB 72.4MB 68.2MB primary fatl6 boot, lba
2 72.4MB 537MB  465MB  primary ext4

o [ parted F5 3R GE IR N i i i d KR/

target:~$ parted /dev/mmcblk0 resizepart 2 100%
Information: You may need to update /etc/fstab.

target:~$ parted /dev/mmcblk® print

Model: MMC Q2J55L (sd/mmc)

Disk /dev/mmcblk@: 7617MB

Sector size (logical/physical): 512[ 1974.191657] mmcblk0: pl p2

B/512B
Partition Table: msdos
Disk Flags:
Number Start End Size Type File system Flags
1 4194kB 72.4MB 68.2MB primary fatlé boot, lba
2 72.4MB  7617MB 7545MB primary ext4

L

o FFSCHERGERBE BT XK

target:~$ resize2fs /dev/mmcblkOp2

resize2fs 1.46.1 (9-Feb-2021)

Filesystem at /dev/mmcblk@p2 is mounted on /; on-line resizing required
[ 131.609512] EXT4-fs (mmcblkOp2): resizing filesystem

from 454136 to 7367680 blocks

old desc blocks = 4, new desc blocks = 57

[ 131.970278] EXT4-fs (mmcblkOp2): resized filesystem to 7367680

The filesystem on /dev/mmcblkOp2 is now 7367680 (1k) blocks long

Increasing the filesystem size can be done while it is mounted. But you can also boot the board from an SD

card and then resize the file system on the e. MMC partition while it is not mounted.
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7.5.5 J3HM SLC #EX

e.MMC devices use MLC or TLC (https://en.wikipedia.org/wiki/Multi-level cell) to store the data. Com-
pared with SLC used in NAND Flash, MLC or TLC have lower reliability and a higher error rate at lower
costs.

UG F O SR A R A A A, W ARSI O SLC il SLC Bi. XAk T Ed:, %)E
PEAE JEDEC FrifE Ay Frtiid, nT DA A i — D IESE X I B . JEDEC AR AL 1 28 14 1 52 LA
FIRIGRIIE, X HUE A HIERT A ATPE . XFIRE (Micron) S, SEERE ISR TAT4EYE, (HOUR AR,

o
TER & BRI G R m Iy, BT B gk

PAR BRI R T ann] Jet 3 i S vk
o First obtain the current size of the e. MMC device with:

[target:~$ parted -m /dev/mmcblk@® unit B print

PRAFUCE

BYT;
{/dev/mmcblk@:636527575048:sd/mmc:512:512:unkn0wn:MMC S0J58X:;

WRETIL, RSN 63652757504 F35 = 60704 MiB,
o FURIUS At SLC ARG HR & RN, T

[target:~$ mmc extcsd read /dev/mmcblk0 | grep ENH SIZE MULT -A 1 ]

pE

Max Enhanced Area Size [MAX ENH SIZE MULT]: 0x000764
i.e. 3719168 KiB

Enhanced User Data Area Size [ENH SIZE MULT]: 0x000000
i.e. 0 KiB

X B K/ ME 3719168 KiB = 3632 MiB.
o BUE, BTLLEE A AT A N A A B E IR R, Bl 3719168 KiB:

[target:~$ mmc enh area set -y 0 3719168 /dev/mmcblkO J

IR

Done setting ENH USR area on /dev/mmcblk0

setting OTP PARTITION SETTING COMPLETED!

Setting OTP PARTITION SETTING_ COMPLETED on /dev/mmcblk® SUCCESS

Device power cycle needed for settings to take effect.

Confirm that PARTITION SETTING COMPLETED bit is set using 'extcsd read' after power cycle

o HTHIRFBCECAER, HXHRS:

[target:~$ poweroff ]

FHHEAT N IR AR B T IR .
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e 4, ¥ ENH SIZE MULT ffl, &0 3719168 KiB:

[target:~$ mmc extcsd read /dev/mmcblk0 | grep ENH SIZE MULT -A 1 J

KNVAZZEE

Max Enhanced Area Size [MAX ENH SIZE MULT]: 0x000764
i.e. 3719168 KiB

Enhanced User Data Area Size [ENH SIZE MULT]: 0x000764
i.e. 3719168 KiB

L

o T, KRR/

-

target:~$ parted -m /dev/mmcblk@® unit B print

BYT;

/dev/mmcb1k0:31742492672B:sd/mmc:512:512:unknown:MMC SQJ58X: ;
.

7.5.6 ERIEE

It is possible to erase the e MMC device directly rather than overwriting it with zeros. The e MMC block
management algorithm will erase the underlying MLC or TLC or mark these blocks as discard. The data
on the device is lost and will be read back as zeros.

o After booting from SD card execute:

[target:~$ blkdiscard -f --secure /dev/mmcblk0 ]

BT —secure BfRATOTE eMMC WABRIIARZ AT 25 R £ (1) EIRH TS, 24 eMMC i
For A B A RO 7y DX R A - B

4522
[target:~$ dd if=/dev/zero of=/dev/mmcblk® conv=fsync ]

MRS LA FER, HXD AT RS ESIIME, H HFE R E KA e !

7.5.7 ee MMC Boot Partitions

An e MMC device contains four different hardware partitions: user, bootl, boot2, and rpmb.

The user partition is called the User Data Area in the JEDEC standard and is the main storage partition.
The partitions bootl and boot2 can be used to host the bootloader and are more reliable. Which partition
the i.MX 93 uses to load the bootloader is controlled by the boot configuration of the e MMC device. The
partition rpmb is a small partition and can only be accessed via a trusted mechanism.

Ak, User 43 IXAJ PAZR R IOAS B 2 LA— M i@ 4 DX XTI AR R TEAR U s B . AR S
5B, W& JEDEC fRifEsf 7.2 2 RKATHL,

U522
Do not confuse e. MMC partitions with partitions of a DOS, MBR, or GPT partition table.

The current PHYTEC BSP does not use the extra partitioning feature of e MMC devices. The U-Boot is
flashed at the beginning of the user partition. The U-Boot environment is placed at a fixed location after the
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U-Boot. An MBR partition table is used to create two partitions, a FAT32 boot, and ext4 rootfs partition.
They are located right after the U-Boot and the U-Boot environment. The FAT32 boot partition contains
the kernel and device tree.

With e MMC flash storage it is possible to use the dedicated boot partitions for redundantly storing the
bootloader. The Bootloader environment still resides in the user area before the first partition. The user
area also still contains the bootloader which the image first shipped during its initialization process. Below
is an example, to flash the bootloader to one of the two boot partitions and switch the boot device via
userspace commands.

B AP E S
TEEHL Bz

[host:~$ scp <bootloader> root@192.168.3.11:/tmp/

)

The partitions bootl and boot2 are read-only by default. To write to them from user space, you have to
disable force ro in the sysfs.

To manually write the bootloader to the e MMC boot partitions, first disable the write protection:

target:~$ echo 0 > /sys/block/mmcblk@boot0/force ro
target:~$ echo 0 > /sys/block/mmcblk@bootl/force ro

Write the bootloader to the e MMC boot partitions:

target:~$ dd if=/tmp/<bootloader> of=/dev/mmcblkOboot0
target:~$ dd if=/tmp/<bootloader> of=/dev/mmcblkObootl

THE .MX 93 SoC Hfifs g :

SoC User X {EFIEE Boot X IEEE e MMC Device
iMX 93 32 kiB 0 kiB /dev/mmcblk0

After that set the boot partition from user space using the mmc tool:

(T boot0’) :

[target:~$ mmc bootpart enable 1 0 /dev/mmcblk0

(X} Fboot1’):

[target:~$ mmc bootpart enable 2 0 /dev/mmcblk0

To disable booting from the e MMC boot partitions simply enter the following command:

[target:~$ mmc bootpart enable 0 0 /dev/mmcblk0

To explicitly enable booting from the e. MMC user area, run:

[target:~$ mmc bootpart enable 7 0 /dev/mmcblk0
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7.6 GPIOs

phyBOARD-Segin/Nash i.MX 91/93 &4 H F Al AMEH ) GPIO, B e GPIO &gk A% & WK 27
i F R T A4 E H . ARBRERIGH: GPIO 441k 1A 32 4~ GPIO fy4l (GPIO1 —-GPIO4), gpiochip0.
gpiochip32. gpiochip64 F1 gpiochip96 ZiXLLpyHEE i.MX 93 GPIO 4 GPIO1 —~GPIO4 (1 sysfs /R .

GPIO #it5RiHN GPIO<X> <Y> (ffi4n, GPIO4 07) . <X> #57iH GPIO Bank, A 1 3| 4 1%, 1
<Y> #F/n Bank ) GPIO. <Y> M 0 2| 31 i1%¢ (£:4 Bank A 32 4~ GPIO).

HHZT, Linux WM —A B BECR M2 RE A T GPIO, T IERECF R A2

[Linux GPIO number: <N> = (<X> - 1) * 32 + <Y>

)

M P2 Ali I GPIO K] libgpiod, E4RHL T —MEMTH, T3 Linux GPIO FAFB AT H.
PATN 2 — 8 TR AR 11 :

o AGMLE R FAY gpiochips:

target:~$ gpiodetect

gpiochip® [43810000.gpio] (32 lines)
gpiochipl [43820000.gpio] (32 lines)
gpiochip2 [43830000.gpio] (32 lines)
gpiochip3 [47400000.gpio] (32 lines)

Ik
i.MX 93 Application Processor Reference Manual F1fj GPIO it ¥ 5 Linux AP E90FE A !

GPIOchip #lit Linux Reference Manual
0x43810000 gpiochip0  gpiochip2
0x43820000 gpiochipl gpiochip3
0x43830000 gpiochip2 gpiochip4
0x47400000 gpiochip3  gpiochipl

o B/RKT gpiochips EHAIE S, BIFENIMIAFR. consumer, J7H . IGSRRSHIF I flag:

[target:~$ gpioinfo -c gpiochip@

o B GPIO fyfE (B4, M chip0 $Ht GPIO 3):

[target:~$ gpioget -c gpiochip0@ 3

e Set the value of GPIO 3 on chip0 to 0 and daemonize:

[target:~$ gpioset -z -c gpiochip0® 3=0

ik

When demonizing gpioset command please note that the process is still running in the background and
you need to kill it afterward to release the GPIO. Otherwise you might get an error when trying to change
state of the same GPIO:

target:~$ gpioset -z -c gpiochip0 3=1
gpioset: unable to request lines on chip '/dev/gpiochip@': Device or resource busy
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This is the expected behavior in libgpiod version 2.

As a workaround it is possible to use the -t 0 switch:

[target:~$ gpioset -t0@ -c gpiochip@ 3=0 ]

« gpioset FYHE B SCA 7R T AT REAY LI :

target:~$ gpioset --help
Usage: gpioset [OPTIONS] <line=value>...

Set values of GPIO lines.
Lines are specified by name, or optionally by offset if the chip option
is provided.

Values may be '1' or '0Q', or equivalently 'active'/'inactive' or 'on'/'off"'.

The line output state is maintained until the process exits, but after that
is not guaranteed.

Options:
--banner display a banner on successful startup
-b, --bias <bias> specify the line bias
Possible values: 'pull-down', 'pull-up', 'disabled'.
(default is to leave bias unchanged)
--by-name treat lines as names even if they would parse as an offset
-c, --chip <chip> restrict scope to a particular chip
-C, --consumer <name> consumer name applied to requested lines (default is 'gpioset')
-d, --drive <drive> specify the line drive mode
Possible values: 'push-pull', 'open-drain', 'open-source'.
(default is 'push-pull')
-h, --help display this help and exit
-1, --active-low treat the line as active low

-p, --hold-period <period>

the minimum time period to hold lines at the requested values
-s, --strict abort if requested line names are not unique
-t, --toggle <period>[,period]...

toggle the line(s) after the specified period(s)

If the last period is non-zero then the sequence repeats.

--unquoted don't quote line names
-v, --version output version information and exit
-z, --daemonize set values then detach from the controlling terminal

Chips:
A GPIO chip may be identified by number, name, or path.
e.g. '0', 'gpiochip@', and '/dev/gpiochip®' all refer to the same chip.

Periods:
Periods are taken as milliseconds unless units are specified. e.g. 10Ous.
Supported units are 's', 'ms', and 'us'.

*Note*

The state of a GPIO line controlled over the character device reverts to default

when the last process referencing the file descriptor representing the device file exits.
This means that it's wrong to run gpioset, have it exit and expect the line to continue
being driven high or low. It may happen if given pin is floating but it must be interpreted
as undefined behavior.
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i
Fe28 GPIO T4 fE. EMARA GPIO ZHl, S 1 B sl i F T, PABRfR % 10
RHABIIRE S A -

7.6.1 i&iT sysfs ifja] GPIO

1%

&
Wl sysfs P51 GPIO B4 hf 1, AT libgpiod.

BRIAE LN A SRR sysfs 150 GPIO. HAFIfENZRELE FEH CONFIG _GPIO _SYSFS J54 6
T, B CONFIG_GPIO_SYSFS #£ menuconfig 0] I, W4i4e= CONFIG_EXPERT &7,

You can also add this option for example to the imx9 phytec_defconfig config in the linux kernel sources
under arch/arm64/configs

CONFIG_GPIO SYSFS=y

7.7 ADC

The PHYTEC phyCORE-i.MX 93 includes general purpose Analog-to-Digital Converters (ADC) which can
be used for interfacing analog sensors.

it sysfs o] PAEEEL ADC {4 :

[target:~$ cat /sys/bus/iio/devices/iio:deviceX/in_voltageY raw ]

7 phyBOARD-Nash i.MX 93 |-, ADC £ DA E X16 9 @i aeifi :

ADC 8N X16 3R

ADC_INO 47
ADC_IN2 49

Additionally, there is a current sensing circuitry available on phyBOARD-Nash i.MX 93. It is capable of
measuring input current consumption of the phyCORE-i.MX 93 SoM @ 3.3V. The circuitry consists of a
MAX4372 current-sensing amplifier (50 V/V) with two 70 mOhm shunts resistors in parallel configuration
(effective R = 35 mOhm) connected to the ADC input channel ADC_IN1 (Vref = 1.8V) via voltage divider
with ratio of 1/2. This results in a current scaling factor of 0.502232142 mA /LSB.

Current scaling factor is available as a sysfs parameter /sys/bus/iio/devices/iio:devicel/
in_currentO scale.

The phyCORE-i.MX 93 SoM consumption can thus be measured with this simple script:

#!/bin/sh

RAW=$(cat /sys/bus/iio/devices/iio:devicel/in_currentO raw)
SCALE=$(cat /sys/bus/iio/devices/iio:devicel/in current@® scale)
CURRENT=$(echo "$RAW * $SCALE" | bc -1)

printf "Current: %.3f mA\n" "$CURRENT"
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ik

Current scaling factor calculation depends on CONFIG II0 RESCALE=y kernel configuration.

In our BSP we also enable config option CONFIG SENSORS II0 HWMON=y which provides hwmon interface to
conveniently measure phyCORE-i.MX 93 SoM consumption directly via the sysfs parameter:

root@phyboard-nash-imx93-1:~# cat /sys/class/hwmon/hwmonl/currl input
415

In the example output provided above, the current consumption measured was 415 mA @ 3.3V.

7.8 LED #T

WA EfMT LED 4T85 GPIO |, &0 DLl FHEr) LED SRR i eql, s & A
i GPIO #:10 (&0 GPIO #4y) . i@t /sys/class/leds/ TMA&E /sys/class/gpio/ i AT,
LED (Wi K52 PAM max_brightness SCEEH1EHL. brightness U3 E LED ()52 (BUYETEEIM 0 £
max_brightness), KL% LED {4 P SCRAREEREE, FrAERTA 220 N Eb S 5.

EALTE =S TSR O R

LOPIUITAT AR LED, A

target:~$ ls /sys/class/leds
green:heartbeat@ mmcO::@ mmcl::@ yellow:@

X EY LED 4T green:heartbeat {ii T phyCORE-i.MX 93 . &4 K2 phyBOARD-Segin, PEB-
EVAL-01 Fiff—/ %6 LED 4T.

« 4TI LED 47
[target:~$ echo 1 > /sys/class/leds/green|:heartbeat/brightness J
e X} LED:
[target:~$ echo 0 > /sys/class/leds/green|:heartbeat/brightness J
Device tree configuration for the User I/O configuration can be found here: https://

github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.0-phy16 /arch /arm64 /boot /dts/freescale/
imx93-phyboard-segin-peb-eval-01.dtso#L33  or  https://github.com/phytec/linux-phytec-imx/blob/
v6.6.52-2.2.0-phy16/arch/arm64/boot /dts/freescale/imx91-phyboard-segin-peb-eval-01.dtso#L33

7.9 12C 2%k

% 1.MX 93 {08242 3 ol 12C #ith. PHYTEC AL T A2 R FN 12C 548, X549
B3] 1.MX 93 [y I2C Bid. AA5HAR T AT phyBOARD-Segin/Nash i.MX 91/93 s14E a1 —2% 12C #4511
FEAR M R (DT) For.

i2c B‘J&%’W TS LR, GINEER, AT RS RLMR, PAS T E, 5 scl-gpios il
sda-gpios, iX26& T BRI 14 5 L E -

General I?°C3 bus configuration (e.g. imx93-phycore-som.dtsi): https://github.com/phytec/
linux-phytec-imx/blob/v6.6.52-2.2.0-phy16 /arch /arm64 /boot /dts/freescale /imx93-phycore-som.dtsi#L88
or https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.0-phy16 /arch /arm64 /boot /dts/

freescale/imx91-phycore-som.dtsi#L82
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General 12C2 bus configuration for imx93-phyboard-segin.dts:

o for phyBOARD-Segin i.MX 91: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx91-phyboard-segin.dts#L151

o for phyBOARD-Segin iMX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx93-phyboard-segin.dts#L159

o for phyBOARD-Nash iMX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64 /boot /dts/freescale/imx93-phyboard-nash.dts#L117

7.10 EEPROM

1 phyCORE-i.MX 93 SoM #il phyBOARD-Segin/Nash i.MX 91/93 FHWAAFE R 12C EEPROM 4.
H#Ei A phyCORE-L.MX 93 FfEEwa M, & TR .

7.10.1 phyCORE-i.MX 93 kg4 12C EEPROM
phyCORE-i.MX 93 SoM _|-{J I2C EEPROM )% a8 %1l 43 Wi 4> «
o IEFRI (K/h: 4096 “FAT, R4k 12C-2, Hihk: 0x50)

o ID HUH (KR/h: 32 777, B4k 12C-2, Hidk: 0x58)
AT A B £ HEA T 55 e -

[target:~$ hexdump -C /sys/class/i2c-dev/i2c-2/device/2-0058/eeprom

REPOT AT/ B HIHTE) EEPROM (R 1024 57, 54h4T:

[target:~$ dd if=/sys/class/i2c-dev/i2c-2/device/2-0050/eeprom bs=1 count=1024 | od -x

ZREAS EEPROM (ID 01) SHFERZE, FATHAEFLEN EEPROM H4, 5 :

[target:~$ gpioset -t0 -c 2 21=0 ]

RIE R AS A EEPROM:

[target:~$ dd if=/dev/zero of=/sys/class/i2c-dev/i2c-2/device/2-0058/eeprom bs=32 count=1 }

To re-enable EEPROM wire protection, use:

[target:~$ gpioset -t0 -c 2 21=1

Lk
E# EEPROM XIsfRT 256 AN (g 120-2 #idik: 0x50) LM, RVE=! (LR

7.10.2 EEPROM SoM #&J
PHYTEC ¥ EEPROM IE# KIHHT 256 F 1 PAAEA KA OIREE . X t$E PCB AT B L5

TEJE B P B Br it e EEPROM #fle. & TR 4% 1R 66 (1 DDR RAM BCE . X (45 1] ASE AR [ 19
bootloader FifRA SCHRFAIR M RAM K/, I HBhFIEHif DTS overlay.

AR IR DX AT 256 A7 g, 5 s 2088 e f el iR 3] phyCORE-L.MX 93 JF A& AAFICE, RI
1GiB RAM.,
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i

IE# EEPROM XIS HHT 256 ANF T (M4 12C-2 Hihlk: 0x50) RV gEER IR X1l 6
bootloader 47 A . MRl ETCIEIER .

Hp
&
=

7.10.3 {kE EEPROM #iiE

WE(F A R EE e 5 A EEPROM $dfa=sil. AR ACA/IVO M R el T80k, IR FRATHY IR HIBA !

DT representation, e.g. in phyCORE-i.MX 93 file can be found in our PHYTEC git: https:
//github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.0-phy16 /arch /arm64/boot /dts /freescale/
imx93-phycore-som.dtsi#L172 or https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.0-phy16/
arch/arm64/boot /dts/freescale/imx91-phycore-som.dtsi#L170

7.11 RTC

RTC wpAigiid /dev/rtc* i), liT PHYTEC fuliiA 21> RTC, HLATEESA ZA RTC & 3Cft.
o BRE| RTC B aFK, AL PA T 77 AU sysfs 261 -

[target:~$ cat /sys/class/rtc/rtc*/name

o B, FRAFAFE]:

rtc-rv3028 0-0052
snvs_rtc 30370000.snvs:snvs-rtc-1p

IV

XA T SER R ah (RTC), dEdE IPC #2089 RTC. WRAFEBR M /aliases 44 H , Linux 24k
X4 H AR RTC %45 1D,

H A ) AT PATE AL hwelock THAN date iy BEATHAE . BE2/R B s EBCE R 24 H7 H RIS E -

target:~$ date
Thu Jan 1 00:01:26 UTC 1970

B H I S0 TR . Ay 4 DA DA T E A A ] - 7YY Y Y-MM-DD hhsmmss (+]-)hhimm”

target:~$ date -s "2022-03-02 11:15:00 +0100"
Wed Mar 2 10:15:00 UTC 2022

ik
BRI (FERRBIHA +0100) ATRERA BRI

i date AR SET A0 (RTC) RYRHEAIH 1, FCORIEEATE B A, X &%
Fr. BWEHA RTC, M55 hwelock frd. ffi hwelock T HIG 470 H AR (i date Gk
#) BA RTC, REEBEFAMEEFELCEEE N E RTC L
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target:~$ hwclock -w
target:~$ reboot

target:~$ date
Wed Mar 2 10:34:06 UTC 2022

ZEMNSER g (RTC) BB ARG H Y, 65 6H :

target:~$ date

Thu Jan 1 01:00:02 UTC 1970
target:~$ hwclock -s
target:~$ date

Wed Mar 2 10:45:01 UTC 2022

7.11.1 RTC thfig alarm

ATDAMSEIS IR A (RTC) %y P AMR R R 58 . 26U Unix Z25Cimb], BIE 1970 48 1 J] 1 H UTC
FRUARIFNEL . ZAEMFEES] RAM RIS 4 B 250, A

target:~$ echo "+240" > /sys/class/rtc/rtco/wakealarm
target:~$ echo mem > /sys/power/state

ik

PSR alarm BFTERFGR B AZITT— 080, B alarm THEEASCRRAD.

7.11.2 RTC &%

Semf gl (RTC) HA—LETiRE, AIPAGE hwelock THBEATHEURIBLE

o FATTLAEIE AT 7 kA RTC SCRp o) fg:

target:~$ hwclock --param-get features
The RTC parameter 0x0 is set to 0Ox71.
.

RXAMER) & AENAZ AT 79t , BRI E SO

-

#define RTC_FEATURE ALARM

#define RTC_FEATURE ALARM RES MINUTE
#define RTC_FEATURE NEED WEEK DAY
#define RTC_FEATURE ALARM RES 2S
#define RTC_FEATURE_UPDATE INTERRUPT
#define RTC_FEATURE CORRECTION

#define RTC_FEATURE BACKUP SWITCH MODE
#define RTC_FEATURE ALARM WAKEUP_ ONLY
#define RTC_FEATURE CNT

0 NO U WNKHFEO

o FATRIPAEE A T A A RTC BSM (Backup Switchover Mode £/ 43458 -

target:~$ hwclock --param-get bsm
The RTC parameter 0x2 is set to Ox1.

L

o FRATAIPAE A ik RTC BSM:
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target:~$ hwclock --param-set bsm=0x2
The RTC parameter 0x2 will be set to 0x2.

BSM {ify5E LN

#define RTC BSM DISABLED 0
#define RTC_BSM DIRECT 1
#define RTC BSM LEVEL 2
#define RTC_BSM STANDBY 3

TS

REMZRF BSM A E Sy DSM 5 LSM,  AEAERT SR IR T] I, RTC al AYIHeE] £ ] HL I
A A RV-3028 RTC () Datasheet, PAT/# LSM (R-F-UJHufsisl) FI DSM (EHEHAR) X
PN E SR AR

DT representation for I?C RTCs:

o for phyBOARD-Segin iMX 91: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx91-phyboard-segin.dts#L169

o for phyBOARD-Segin i.MX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64 /boot /dts/freescale/imx93-phyboard-segin.dts#L177

o for phyBOARD-Nash i.MX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx93-phyboard-nash.dts#L126

7.12 USB Fiz#I23

i.MX 93 SoC 1) USB & il#8 AR 2 14 P AR 3L T —FIRSA W 2 iR U Uy 58, GRS ik 480
Mbps (##HS’). USB FREHAW ML USB 56145 . WM Hl#R#0 RIS 7824 USB Device 5 USB
Host, {H¥f phyBOARD-Segin/Nash i.MX 91/93 I, H—A4~g FE(L Host 311 (USB-A JEHE8%) .

BSP YRR (i) M. Hihs USB M XH A& IR SRS 7 AR 75 BE P AZ L E

Mo BT udev, PRI SPAGME—R) ID, FAIPATE /dev/disk/by-id H4kH], X4 ID Wf
PATE /etc/fstab F T AT T HEECA ] A USB Frfifii &

OTG iy H4Z M T — %A 5| A T ad i k97, {H4E phyBOARD-Segin/Nash i.MX 91/93 | R il
Mo BT ARMM, %51 TE R AW bt 25 . a0 R 25 M, 38 7E B o 8 b B0 o i AR 3,
FEAR I e UM BB T AR e (R F/RAF) o A RIEMIEE, 2% Linux WZSORH I
Linux/Documentation/devicetree/bindings/usb/ci-hdrc-usb2.txt,

DT representation for USB Host:

o for phyBOARD-Segin i.MX 91: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale /imx91-phyboard-segin.dts#L188

o for phyBOARD-Segin iMX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx93-phyboard-segin.dts#L196

o for phyBOARD-Nash iMX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx93-phyboard-nash.dts#L185
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7.13 USB OTG

RZ¥ PHYTEC #ififlt USB OTG #:H . USB OTG i< HEIER USB i#rm USB FHL LM,
BT R3] USB OTG i ) USB BEfF. Blan, A15KE USB KRB A ERT] USB OTG i,
R R R /dev/sda .

7.13.1 {£4 USB &&

In order to connect the board’s USB device to a USB host port (for example a PC), you need to configure
the appropriate USB gadget. With USB configfs you can define the parameters and functions of the USB
gadget.

Bl

First, define the parameters such as the USB vendor and product IDs, and set the information strings in
English (0x409) language:

fn

TR, R X ey IR A AT E AT

target:~$ cd /sys/kernel/config/usb gadget/

target:~$ mkdir g1l

target:~$ cd gl/

target:~$ echo "0Ox1d6b" > idVendor

target:~$ echo "0x0104" > idProduct

target:~$ mkdir strings/0x409

target:~$ echo "0123456789" > strings/0x409/serialnumber
target:~$ echo "Foo Inc." > strings/0x409/manufacturer
target:~$ echo "Bar Gadget" > strings/0x409/product

Next, create a file with a filesystem for the mass storage gadget:

target:~$ dd if=/dev/zero of=/tmp/file.img bs=1M count=64
target:~$ mkfs.ext4 /tmp/file.img

ik

If you create the file in the tmp folder it will be gone after the next reboot. If you want to have it
persistent, use an other directory.

AEAR AT AR B AR AR A D R -

target:~$ cd /sys/kernel/config/usb gadget/gl
target:~$ mkdir functions/acm.GSO

target:~$ mkdir functions/ecm.usb®

target:~$ mkdir functions/mass storage.0

o acm: HBATHAS gadget, BIHEIEAL /dev/ttyGse HYEEITIEI
o ecm: PAKIM gadget, BIEPUKMEZD, Bil4N usbo

« mass_storage: AL LARALPH A USB KA RAFMH B & —FE, X KA R T X, #K
PRI
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Now set the file you want to share with the host:

[target:~$ echo /tmp/file.img > functions/mass_storage.0/lun.0/file ]

77N

You can also insert partitions or a whole device to be shared with the host here, but the partition to be
shared or the partitions on the device to be shared should not be mounted on the target while sharing
with the host otherwise writing to them will not work from host.

e DI RESE B -

target:~$ cd /sys/kernel/config/usb gadget/gl

target:~$ mkdir configs/c.1l

target:~$ mkdir configs/c.1/strings/0x409

target:~$ echo "CDC ACM+ECM+MS" > configs/c.1/strings/0x409/configuration
target:~$ 1n -s functions/acm.GSO configs/c.1l/

target:~$ ln -s functions/ecm.usb® configs/c.1l/

target:~$ ln -s functions/mass storage.0® configs/c.1l/

B, BHVAT 453 USB gadget:

target:~$ cd /sys/kernel/config/usb gadget/gl
target:~$ ls --indicator-style=none /sys/class/udc/
ci hdrc.0

target:~$ echo "ci hdrc.0" > UDC

ci hdrc.0 is an example, replace it with the actual name. Any trailing @ might be shown by 1s to show it is
a link, remove it. If your system has more than one USB Device or OTG port, you can pass the right one
to the USB Device Controller (UDC).

1k USB gadget HMEERIPE T IIRE, AT

[target:~$ echo "" > /sys/kernel/config/usb gadget/g1l/UDC ]

After stopping the sharing with the host, you can also mount the file on the target. This way files can be
transferred between host and target.

[target:~$ mount /tmp/file.img /mnt ]

o

Do not mount the file while it is shared with the host.

7.14 RS232/RS485

phyBOARD-Nash i.MX 93 1. MX 93 SoC {4~ RS232/RS485 H:[1.

o

T phyBOARD-Nash i.MX 93 PCB fii4s 1616.0 FAyfECEGLRE, RS232 AURELE R 45 A1 RS485 Joik
1E# TAE
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7.14.1 RS232
o DA AT AE 2 N 2 um ) 24 i

[target:~$ stty -a

o UART # HARCE ] LA stty @52 iil. Blan:

[target:~$ stty -F /dev/ttyLP6 115200 crtscts raw -echo

o JHILTIEAAY echo A cat, AJRAMNAREAREG. A6

[target:~$ echo 123 > /dev/ttyLP6

[host:~$ cat /dev/ttyUSB2

FAUVATEIH 71237

7.14.2 RS485

77N
TERE VB LS I, THICARIE L P om A% B 120 WCHRHAY) 25 o L L

N IR, WHAE linux-serial-test. XA TH 2@ JEH ] RS485 #y IOCTL, ik fH & YL -

[target:~$ linux-serial-test -p /dev/ttyLP6 -b 115200 --rs485 0

H > linux-serial-test IE—&E?}%@IE‘JE%%‘E\, TR 4% . linux-serial-test
linux-serial-test £ H 3% & ioctl, WA PAHE LT rs485conf F3ikE .
PRAT AR DA™ i 2 S 78 24 i e

[target:~$ rs485conf /dev/ttyLP6

AT I AR J7 38 356 Bl e

[target:~$ rs485conf /dev/ttyLP6 -h

Linux kernel R4 T anfai7e C LA IEH IOCTL: https://www.kernel.org/doc/Documentation /serial /

serial-rs485.txt

The device tree representation for RS232 and RS485: https://github.com/phytec/linux-phytec-imx/blob/
v6.6.52-2.2.0-phy16/arch/arm64/boot /dts/freescale/imx93-phyboard-nash.dts#L178

7.15 CAN FD

phyBOARD-Segin/Nash i.MX 91/93 BA—4 % # CAN FD [y flexCAN #:171, szf]EiEl Linux #5ifi CAN
HEZE SO, SHEQEIAE Linux W82 o EAZIESE, CAN £: 1 RIFEEEA) Linux ME&RE,
HA 2T CAN WpHinshet. 245 B PATE Linux PAZSCRY R3] https://www.kernel.org/doc/
html/latest /networking/can.html

. ﬁ}zﬁ
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[target:~$ ip link

to see the state of the interfaces.

e To get information on can0, such as bit rate and error counters, type:

target:~$ ip -d -s link show can0@
4: can0O: <NOARP,UP,LOWER UP,ECHO> mtu 72 qdisc pfifo fast state UP mode DEFAULT group default gqlen 10
link/can promiscuity @ allmulti © minmtu O maxmtu ©
can <FD> state ERROR-ACTIVE (berr-counter tx 0 rx 0) restart-ms 0
bitrate 500000 sample-point 0.875
tq 25 prop-seg 37 phase-segl 32 phase-seg2 10 sjw 5 brp 1
flexcan: tsegl 2..96 tseg2 2..32 sjw 1..16 brp 1..1024 brp inc 1
dbitrate 2000000 dsample-point 0.750
dtq 25 dprop-seg 7 dphase-segl 7 dphase-seg2 5 dsjw 2 dbrp 1
flexcan: dtsegl 2..39 dtseg2 2..8 dsjw 1..4 dbrp 1..1024 dbrp inc 1
clock 40000000
re-started bus-errors arbit-lost error-warn error-pass bus-off
0 0 0 0 0 0 numtxqueues 1 numrxqueues 1,
—»gs0_max_size 65536 gso max segs 65535 tso max size 65536 tso max segs 65535 gro max size 65536
gso_ipv4 max_size 65536 gro_ipv4 max_size 65536 parentbus platform parentdev 443a0000.can
RX: bytes packets errors dropped missed mcast

0 0 0 0 0 0
TX: bytes packets errors dropped carrier collsns
0 0 0 0 0 0

i th & —HARMESEL, XEESHARIE A T AKM B O, BIIFAERT A 800 T CAN #UZH %/ (fian
MAC Huht). PATF S8 A A E S

can0 BEOZMR
NOARP CAN ToEifdi il ARP il
MTU RAB T

RX packets  $ZUILF 5 R
TX packets & ik EdE w4
RX bytes P FATEL
TX bytes  KIXRFIEL
eITOTS. .. BREIRGITHE R

The CAN configuration is done in the systemd configuration file /1ib/systemd/network/11-can.network. For
a persistent change of (as an example, the default bitrates), change the configuration in the BSP under .
/meta-ampliphy/recipes-core/systemd/systemd-conf/11-can.network in the root filesystem and rebuild the
root filesystem.

[Match]
Name=can*

[CAN]
BitRate=500000
DataBitRate=2000000
FDMode=yes

ik
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By default, we enable CAN-FD (flexible datarate) in our BSP. In case CAN Classic is required one needs
to remove options FDMode and DataBitRate from the /lib/systemd/network/11-can.network file.

To disable flexible datarate manually, one can use:

target:~$ ip link set can@ down
target:~$ ip link set can@ type can bitrate 500000 dbitrate 0 fd off
target:~$ ip link set can@ up

The bitrate can also be changed manually, for example:

target:~$ ip link set can@ down

target:~$ ip link set can@ txqueuelen 10 up type can bitrate 500000 sample-point 0.75 dbitrate 4000000,
—dsample-point 0.8 fd on

target:~$ ip link set can@ up

O DA cansend ZIE7HE, S candump FZYRTH EL :

target:~$ cansend can0 123#45.67
target:~$ candump can0®

ZAE N T H R REENL CAN JiisE, 3 cangen:

[target:~$ cangen ]

cansend --help FlI candump --help $2ft T T LAl AR AF I (E S .
Device Tree CAN configuration of imx93-phyboard-segin.dts:

o for phyBOARD-Segin i.MX 91: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx91-phyboard-segin.dts#L143

o for phyBOARD-Segin iMX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx93-phyboard-segin.dts#L151

o for phyBOARD-Nash iMX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx93-phyboard-nash.dts#L109

7.16 phyBOARD-Segin i.MX 91/93 4R
#£ phyBOARD-Segin i.MX 91/93 Effi il 7 TT TLV320AIC3007 H45i4wfiRiss (CODEC). Effif 12S i
et , (EH 12C #Er8sll. WTHESES A
« /A7 LINE IN,
« 3k LINE OUT,
o Class D 1W [ 4775 43
TR A R IR TR T E MM aR A SRS AR, A DA T i 2 DA BB s 4% -

[target:~$ aplay -L

B AR B

[target:~$ arecord -L
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7.16.1 Alsamixer
B RITIRE, THRA:

[target:~$ alsamixer ]

BB RIR M, FhE 1IC A2 AT AR PIEE. ik SSH #TF alsamixer (1) EJE A il
R TITE S T . Fﬁﬁ{mﬁ 5%5%%F”1§&41¢F¢E§f% "MM” FIRiZT RER (Ea’iiﬁj
M ERE ), ATDUEE S m Pk, GOAR DUEE S < M > YU EE . 0 tab g, 6T
PATEAR TEOR 7 42 i 2 ] )48k «

7.16.2 RERINEE

— BB\ R B EEAE /var/lib/alsa/asound. state W1, EA] DA DA A RAF 4 I alsa {8 :

[target:~$ alsactl --file </path/to/filename> store ]

AT DA PA R 2 B RAF Y alsa %

[target:~$ alsactl --file </path/to/filename> restore ]
7.16.3 &K

1247 speaker-test AKX I fE

[target:~$ speaker-test -c 2 -t wav ]

SRR E I, BT DABEA] aplay. B4, ZEEHC ALSA ML# 4

[target:~$ aplay /usr/share/sounds/alsa/* ]

B HCHAAE S, Bl4n mp3, A PAHH Gstreamer:

[target:~$ gst-launch-1.0 playbin uri=file:/path/to/file.mp3 ]

WA AR A AR, ATDASE I R (VSR 0-3):

[target:~$ amixer -c 0 sset Class-D 3 }

£
Pk th QOB EIE, NS IEROL R RPUER, Rt RSB sE |

7.16.4 =
arecord @— AT LR, MTHiFEMAR, BIAM A AL A (Line In).
[target:~$ arecord -t wav -c 2 -r 44100 -f S16 LE test.wav J

fin
‘ TR O SR L RE F 1, DR BT ] b AT S ORI S 3 45 R I PR AS [ B4 SRR A X |
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Device Tree Audio configuration:

o for phyBOARD-Segin i.MX 91: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64 /boot/dts/freescale/imx91-phyboard-segin.dts#1L.62

o for phyBOARD-Segin iMX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx93-phyboard-segin.dts#L62

7.17 phyBOARD-Nash i.MX 93 _F 94

"k
AR 5%, phyBOARD-Nash i.MX 93 PCB i 1616.0 355 seAnl fl

Bi7E phyBOARD-Nash i.MX 93 i fl 3545, %7 Audio/Video 3 M — ¥ J&#. PEB-AV-10
(1531.1 fEITHR) W DABAARIESE , I RBEEM—4Eft. PEB-AV-10 Fi# 7 TI TLV320AIC3007 555 4 fi# A
2 (CODEC). i #mimat 128 B se, it 12C #5546,

A=A OMTP ARifERg 3.5mm HAUHALA—4 8 #HH1, MTEENA AV RIS
8 %ﬂ%lﬂ@"ﬁfﬂﬁ%;ﬂ%ﬁ HAMZL i A RS (line-in).

FRA A R IR RS IR A KB A AR, THA AT a9 A B R4 :

[target:~$ aplay -L ]
B AR E RS
[target:~$ arecord -L J

7.17.1 Alsamixer
B RITIRE, HRA:

[target:~$ alsamixer J

BV zaFRREwm, HREH IC A2 AL IIEE. it SSH $THF alsamixer [ EJE A Lb i
AR AT HE S T . TR TRE )5%[575$Fﬂ1§j24ﬁifﬂ MaiiE . MM FonizUIReiEYy (AhH
BN ), PTG m Y. BGAT DUEM < AR > YR . [ tab , f&h
DATEAE IR S5 45 il 22 [B) D48t

7.17.2 REBILSE

— BB\ R EAFAEAE /var/lib/alsa/asound.state H . FER] DABE A DA N v R IE 24 BTRY alsa iXHE:

[target:~$ alsactl --file </path/to/filename> store }

AT PAE TS PAR 20 B RAF Y alsa %

[target:~$ alsactl --file </path/to/filename> restore ]
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7.17.3 ALSA &
FATW) BSP Bt — ALSA [t ¥ 3Cf4: /etc/asound. conf .
ALSA FeE SO n] AR T ZE T SO B . B9 A& ALSA IE% TAER AR .

[target:~$ vi /etc/asound.conf ]

B PEB-AV-10 X B ML, ¥ playback.pem M”dummy” 5% A "pebav10”:

looal

pcm.asymed {
type asym
playback.pcm "pebav10"
capture.pcm "dsnoop"

}

[...]

QUREIEARFIFE 5, RO A T O B 3 P bR A, 4 playback.pem 55 HAH R AR R AK
W, BN “softvol _pebav10”, fiif] alsamixer $55Hi] Sk iF# 552 5.

loool

pcm.asymed {
type asym
playback.pcm "softvol pebav10"
capture.pcm "dsnoop"

7.17.4 PulseAudio Bt &
YT Pulseaudio [N R, TR v] 0S40 46 H 4 2%

[target:~$ pactl list short sinks ]

R s, HRAC

[target:~$ pactl set-default-sink <sink number> ]
7.17.5 &R

1847 speaker-test DMK AL IIRE

[target:~$ speaker-test -c 2 -t wav J

SRR A E AL, ETLAGEA] aplay. BIA0, B ALSA U E

[target:~$ aplay /usr/share/sounds/alsa/* ]

BERECHAAES, B0 mp3, GEFTPAGEST Gstreamer:

[target:~$ gst-launch-1.0 playbin uri=file:/path/to/file.mp3 ]
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7.17.6 =

arecord & — A4 LH, HFRGEWR, AW AR NEER A . EREARREIE, 7 A H
alsamixer, flaN, F7IF &M PGA R& % MicSR f AM PGA R& % Mic3R, DMEE 3.5mm FFHFL %]
K H TLV320 4S80 22 v WU A 540 .

target:~$ amixer -c "sndpebav1@" sset 'Left PGA Mixer Mic3R' on
target:~$ amixer -c "sndpebav1l0" sset 'Right PGA Mixer Mic3R' on

[target:~$ arecord -t wav -c 2 -r 44100 -f S16 LE test.wav ]

77N

T OISR B R F 1, DR B T A ] Pk A S ORI S 3 R VB o P AS [ R R AR AR 5

Device Tree Audio configuration: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.0-phy16/
arch/arm64/boot /dts/freescale/imx93-phyboard-nash-peb-av-10.dtso#L56

7.18 #5H

7.18.1 #$H5 Gstreamer

SUANHOU, BSP 203 T — ARG, #Ae0 /usr/share/qtphy/videos/ . PIVABERILAN i —HFha oL
PR

[target:~$ gst-launch-1.0 playbin uri=file:///usr/share/qtphy/videos/caminandes 3 1lamigos 720p vp9.webm }
o HH:
target:~$ gst-launch-1.0 -v filesrc location=/usr/share/qtphy/videos/caminandes 3 llamigos 720p vp9.webm !, ’
—decodebin name=decoder decoder. ! videoconvert ! waylandsink
o HiH:

[target:~$ gst-play-1.0 /usr/share/qtphy/videos/caminandes 3 llamigos 720p vp9.webm --videosink waylandsink ]

7.19 ER

The phyBOARD-Segin i.MX 93 supports PEB-AV-02 with 7” edt,etm0700g0edh6 parallel display with
capacitive touchscreen. Device-tree overlay for the aforementioned display is enabled in /boot/bootenv.txt
by default!

The phy BOARD-Nash i.MX 93 needs additional adapter to support 10” edt,etm11010g3dra LVDS display
with capacitive touchscreen. The PEB-AV-10 (1531.1 revision) can be bought separately to the Kit. Device-
tree overlay for the aforementioned adapter is enabled in /boot/bootenv.txt by default!

7.19.1 Qt Demo

/] phytec-qt6demo-image Hf, Weston XFEHBIIHBN. AT Qt6 DEMO W HFEF4 K “qtphy”, W]
PR ARy g Ok

[target:~$ systemctl stop gqtphy ]
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o WHFITUH Demo, ifizfT:

[target:~$ systemctl start qtphy ]

o Z4EH Demo W HZNHD, WiEtT:

[target:~$ systemctl disable qtphy J

o Ze Demo W HZNHD, WiEtT:

[target:~$ systemctl enable qtphy J

o Weston 1] DAl DA a0 ok :

[target:~$ systemctl stop weston J

ik
AE ] Weston Z i, 4G5 Qt Demo,

7.19.2 Ttz

W LCD ##e5] PHYTEC JFJct, wPAid Linux WAZHY sysfs $#8 D¥EHIHLEE. R4 gl i
LA AT DATE SO /sys /class /backlight FH 2 o SEIBCRH BA S 1) HE 5 A T A6

/iE
— B 2 WORITT K HUFE /sys/class/backlight 2480l Eblin: backlightO A1 backlight1

o Biltn, FHPERSEERS] (max_brightness), AT

[target:~$ cat /sys/class/backlight/backlight/max brightness

BRI EETEE R 0 3 <max_ brightness>,
o BURBCARISEEEGON, A

[target:~$ cat /sys/class/backlight/backlight/brightness ]

o HAIF brightness A HMSEE :

[target:~$ echo 0 > /sys/class/backlight/backlight/brightness

B, KA
A XA XMW XK, # 2 W https://www.kernel.org/doc/Documentation/ABI /stable/

sysfs-class-backlight,

The device tree of PEB-AV-02 can be found here:

o for phyBOARD-Segin i.MX 91: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx91-phyboard-segin-peb-av-02.dtso

o for phyBOARD-Segin iMX 93: https://github.com/phytec/linux-phytec-imx/blob/v6.6.52-2.2.
0-phy16/arch/arm64/boot/dts/freescale/imx93-phyboard-segin-peb-av-02.dtso
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The device tree of PEB-AV-10 for phyBOARD-Nash iMX 93 can be found here:  https:
//github.com /phytec/linux-phytec-imx/blob/v6.6.52-2.2.0-phy 16 /arch /arm64 /boot /dts /freescale/
imx93-phyboard-nash-peb-av-10.dtso

7.20 HFERE

7.20.1 CPU #ZiDMAZIAD

1.MX 93 SoC iy CPU RERSIHE I BITRF AL . XM THEATRE CPU Ry dtEREm T L ). 5 1. MX8
M AR, 1 MX 93 A3CHE 2 AR EAFREE (DVES), HIFRFRr) s (VEFS)., ]
PABEA DA AR -

e nominal (ND),

e overdrive (OD),

e Low Drive (LD) #l

« Low Drive (LD) SH{EHugiiRas{k (SWFFC).

fEst CPU 3% DDR #{{EE=% VDD_SOC
OverDrive (OD) 1.7 GHz 3733 MT/s 900mV
NominalDrive (ND) 1.4 GHz 1866 MT/s 850mV
LowDrive (LD) 900 MHz 1866 MT/s 800mV
#:4 SWFFC f) LowDrive (LD) 900 MHz 625 MT/s 800mV

i.MX 93 BSP % VFS Mg, Linux WEZHME T —4 LPM KEhFLF, TPAEE VDD SOC. CPU #i%
F1 DDR .

ik

A i.MX 93 SoC Foiim NXP IMX9301/IMX9302 X A5 R VFS IhRE. X4 SoC &[HiEin
f71E LowDrive (LD) iz, ARG XL SoC RO H I, Linux i LPM BK5h4 5 3ha5 ] .

TR ET OverDrive (OD) =, #ifiA:

[target:~$ echo 0 > /sys/devices/platform/imx93-1pm/mode ]

T4 BT NominalDrive (ND) B, A

[target:~$ echo 1 > /sys/devices/platform/imx93-1pm/mode ]

AT LowDrive (LD) Hist, WA

[target:~$ echo 2 > /sys/devices/platform/imx93-1pm/mode ]

FFit#e T LowDrive (LD) #i, fifJjf(k DDR #E, SWFFC JA:

[target:~$ echo 3 > /sys/devices/platform/imx93-1pm/mode ]

HRA M HR CPU SR, WA

[target:~$ mhz ]

ZR A Y AT DDR B, A
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[target:~$ cat /sys/devices/platform/imx93-1pm/mode ]

o WRAMAE VDD_SOC 24, FkA:

[target:~$ cat /sys/kernel/debug/regulator/regulator_summary ]

B % LPM KR P A (G E, 5% NXP B3Ry : https://docs.nxp.com/bundle/AN13917/
page/topics/low__power mode_use_cases.html
7.20.2 CPU Bl &E

1.MX 93 SoC fEith i LA Z b B0 . BN, 1MX 93 BA7 2 4~ ARM #%, X $8%n] DAFEIZ 7 i B
THEAIE A o

o WERAGTIATHBZL, HiTT:

[target:~$ 1s /sys/devices/system/cpu -1

o KRR, Bilhn:

cpu0/
cpul/
cpufreq/
[...]

XHERGA MBS L. BOAET, REH A TR OEBUE N, AR R EETERE
o BRI, EIT

[target:~$ echo 0 > /sys/devices/system/cpu/cpul/online

TEARRIN, BB

[[ 110.505012] psci: CPU1l killed (polled 0 ms)

AR CE R, IF B0 EA R HHE e .
o BERTLAGEA] top fiy S A H LRI HERE Y ETEAR G -

[target:~$ htop

o HHPHMRL, W

[target:~$ echo 1 > /sys/devices/system/cpu/cpul/online

7.20.3 #iicE RAM
phyCORE-1.MX 93 SCRPEEEARHGEAKE . AT LAGE Al e .+ /RS n] DA AT 7 NS B

target:~$ echo mem > /sys/power/state
#resume with pressing on/off button

RO R ATIE R G, iHetT

target:~$ echo enabled > /sys/class/tty/ttyLPO/power/wakeup
target:~$ echo mem > /sys/power/state
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WA I LA PEB-EVAL-01 {1 S2 4543 A PRIROIR A - Ji2
FiE RTC M4hMefg, #Efa: RTC Wakealarm

7.21 #EE

7.21.1 U-Boot

Z I U-Boot H iR HIAGEHIAE . BlAE, U-Boot BN T RLEE SHLINAE, DA IEAE s R spodl 73 #4e
FRALELE RIS A P IR — 2L

i i AR R T IR /R B H B s

[CPU: Industrial temperature grade (-40C to 105C) at 33C ]

7.21.2 W%

Linux WAZSER T REEFIIIRE, RERS MG R (SoC) LEE, FEAR CPU M, 42 XUk , 80 H b Bk Eh e 7 s
DIFE, FHEERIRE LT X RS (https://www.kernel.org/doc/Documentation /thermal /sysfs-api.txt).

AATHE T AMAAE 1. MX 93 SoC - LA HERINE APL. 1MX 9 HATT SoC 1A B 14 s -
o URFTHRIE T AVAZE BRI N B

[target:~$ cat /sys/class/thermal/thermal zone0/temp ]

o BN, FRrFFEE]

[49000 J

imx_ thermal IWRZBKSITENF TP MR (E. XLEEEMRE CPU SRR R A Br X5, adEmikgt. T
W T2 -

Bl T HRIWE
Wigh () 85°C 95°C 115°C
FEE (L) 90°C  100°C 120°C

(BB NZ sysfs XJe /sys/class/thermal/thermal zone0/)

DA R B0 3K i K R il e S I R IR A A T R . AT T AR (FRK thermal governor)
35 Step Wise il Power Allocator, BSP i I BRIA B 2 step_wise,

IS

SR sysfs SCPEAEY SoC IEAEIAE] trip_point 1, EACKESZHI R PHVAGBERAT IS . MSRIXATT 65
GRS, W DASEEL AN R, IR B e A S DA TR, aliid X ONOFF {55 EHi/m
ESIEEE S

ik
BT AL TARRESFHA) CPU, [N il A& sl iy SE B E AT BE S Br A .
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7.21.3 PWM B
7] PAYE phyBOARD-Nash i.MX 93 [{)iE#:gs X48 (7&%{{ FAN) HERE— PWM XU
WAIEATF I, T3 5e0% PWM KU Overlay, 750 PWM AU TR 3.

[target:~$ vi /boot/bootenv.txt ]

bootenv.txt SCAFRZANTF7R (BB AT DAL S HA B 44 overlay!):

[overlays=imx93—phyboa rd-nash-pwm-fan.dtbo ]

SO A s Y -

[target:~$ reboot }

H x5 overlay W 25 )., Gt device tree T,

% SoC HAL S —MREL Y, Tz G B g T HURyi Ty, I XU Jeiklad poaz A rdas il . JAI68
F Imsensors 1l hwmon 0¥, lmsensors &M EEHGRE , 78T HC B K BIE FECE X E PWM k. 2R
INEB PWM KU B B (2 60°C.

VB AT DATERC B S A T O

[/etc/fancontrol ]

WA FEHIFE R BN o systemd 55 3. w]PAEL DA R A e

[target:~$ systemctl disable fancontrol ]

7.22 &'

PHYTEC i.MX 93 Bt & —MEAEET 1M, Y RGHEEN GBI EEIT K. AT 11 U-Boot HEGAE
gy, ISy 60 #b. NI, RIMEERINZESERET, BITAHRE LI 62T, Linux NSRS
FEHRTVE, HHREAPEE] . ARTRMRRENM ] systemd 7& Linux "PECER T, DAk R G HGE
T EE 0] 1 O

7.22.1 Systemd hiyE 1% H
Systemd MRAS 183 FFUf S HFREEE T 14 .
o THMAEIIMEE, FEEN SRR E /ete/systemd/ HEY U system.conf S

{RuntimeWatchdogSec=605 ’

RebootWatchdogSec=10min

RuntimeWatchdogSec defines the timeout value of the watchdog, while Reboot WatchdogSec defines the time-
out when the system is rebooted. For more detailed information about hardware watchdogs under systemd
can be found at http://Opointer.de/blog/projects/watchdog.html. The changes will take effect after a reboot
or run:

[target:~$ systemctl daemon-reload ]
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7.23 bbnsm HjFE#E

RN/ X440 X_ONOFF 5IImTpAKAE (5 #0) DA AL, W IRFRHOT, s 1T 2504
BHHEHERS. B bbnsm_pwrkey IRENFRFIS, Sl id i), KEY POWER i &45 1 F
Z3E]. BRINEEOLT, systemd WERCE N ZME IS/ :, HRBLE AT I XL IIEE. WRTFE, WTAHE
/etc/systemd/logind. conf FHLEFEIRE NI/ S iR41 R E A systemd filt & AL

[HandlePowerKey=poweroff ]

By default, ON/OFF button is configured to emit the KEY POWER event code when short-pressed. This
behavior can be verified using the evtest tool, which is included in our BSP:

target:~$ evtest /dev/input/by-path/platform-44440000.bbnsm|:pwrkey-event
Input driver version is 1.0.1
Input device ID: bus 0x19 vendor 0x0 product 0x0 version 0x0
Input device name: "44440000.bbnsm:pwrkey"
Supported events:
Event type 0 (EV_SYN)
Event type 1 (EV_KEY)
Event code 116 (KEY_POWER)

Properties:

Testing ... (interrupt to exit)

Event: time 1762862749.414004, type 1 (EV_KEY), code 116 (KEY_POWER), value 1
Event: time 1762862749.414004, -------------- SYN REPORT ------------

Event: time 1762862749.542006, type 1 (EV _KEY), code 116 (KEY POWER), value 0
Event: time 1762862749.542006, -------------- SYN_REPORT ------------

However, it is possible to reassign the short-press event by modifying the device-tree and changing the default
linux, code property of the bbnsm _pwrkey node:

&bbnsm_pwrkey {
linux,code = <KEY SLEEP>;
3

In this example, the ON/OFF button is assigned KEY__SLEEP code, and pressing the button will now put
the board into sleep mode by default.

All valid key codes are defined in the include/uapi/linux/input-event-codes.h file part of the Linux kernel.

7.24 PXP

i.MX 93 SoC 45— PiXel Pipeline (PXP). PXP BDAT AL A M— > Sl il b 3 | 4 -
o 4RI
o Bl as[a)4 (CSC)
o Wit RS niER (CSC2)
o e

i, W T RREERFNNAAS . A RUTTE Gstreamer Fl Wayland H{{i[f] PXP, #&FH NXP 1y
{How to Use PXP in GStreamer and Wayland) (AN13829) I FHZiC.
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7.25 F E—/R4 oI miEieHl2E (OCOTP_CTRL) - eFuse

% 1.MX 93 $2ft— R R A A7dn (fuse) , HTAEMEEE, Bl MAC Hihl. B 3lific & A Ak A 5 &
(#F i.MX 93 reference manual RN “H E—k ] gfsfssize (OCOTP_CTRL)”)., PARAF#ERE i.MX
93 reference manual 3%, 3 OCOTP_CTRL Hi—g F257es (bl A 0x47510000)

AFR Bank & W FE R B E A ik
0x47510000
BOOT_ CFGO 3 0 0x60 a3l fuse R E
BOOT_CFG1 3 10x64 JE3) fuse E
BOOT CFG2 3 20x68 JE3h fuse R E
BOOT_CFG3 3 3 0x6¢ B3l fuse R H
MAC1 ADDR 39 3  Oxdec {14 ENET0 MAC Huhkiy% 32 {37
MAC1/2_ADI 39 4  0x4f0 & ENETO MAC #ihtf9& 16 fFl ENET1 MAC
HotE IS 16 i
MAC2 ADDR 39 5  Ox4f4 f1& ENET1 MAC #iht#7 32 7

*F OCOTP__CTRL H{¥J fuse 5 JFshll e [B] Y523 F RATEMMLES , 3525 1.MX 93 Security Reference
Manual H1{#)”Fuse Map” #B45»

7.25.1 7 uBoot $hiEH fuse BY{E
MAC1 ADDR:

[u-boot=> fuse read 39 3 ]

7.25.2 7 Linux fhiEH fuse {H

i Linux B fuse %5, NXP #2447 NVMEM_IMX_OCOTP #iHe. Frh WAEBLUTY shadow 2717
FRIY fuse PNZEW]DAETT sysfs 151 :

[target:~$ hexdump /sys/devices/platform/soc|\@0/47510000.efuse/fsb s400 fuseO/nvmem

7.25.3 155 MAC it
RIEFRATARE LKA MAC Hudik:

MAC1 12:34:56:78:90:AA
MAC2 Bb:Ce:Dd:Ee:Ff:D0

FATRHAE u-boot HHATIXA:

u-boot=> fuse prog 39 3 0x567890Aa
u-boot=> fuse prog 39 4 0xFfD01234
u-boot=> fuse prog 39 5 0xBbCcDdEe

7.25.4 1B B3 fuse
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fo

fuse REEHA—! WREER THHRAEZIACE, B RSBES BN TR .. XAl ¥
Hy!

o] PATE B A7 19 44 o 1.MX93__Fusemap.xlsx [ excel A% o2 8 1 {# W~ fuse bank/word 3 4 #&
BOOT_CFGX, X&{zER[PATE . MX 93 Applications Processor Reference Manual F3F) .

XN ZEGA BOOT_CFGO, A[PAMES 3 4> Bank {55 0PI 2L/ 5 A fuse,

BEhig&& BOOT_CFGO

eMMC 0x20020002
SD 0x20000103

T E NP fuse AN eMMC JF3), BPARE AT Bt 4 :

[u-boot:> fuse prog 3 0 0x20020002

XA, Ffi]:
« ¥ Boot Mode #3H 0b0010 (eMMC), {32 BOOT CFGO[3:0],
o B eMMC RZRTEEELE N 0b01 (8 fi7), Wak/e BOOT _CFGO[18:17].
o &'H BT_FUSE_SEL (Boot fuses already programmed) i, k2 BOOT_CFGO[29)]

W fad i [RE . MX 93 Applications Processor Reference Manual F 1] Boot Fusemap 53X & IEHHY
L

7.26 TPM

The phyBOARD-Segin/Nash i.MX 91/93 is equipped with a Trusted Platform Module (TPM) that provides
hardware-based security functions.

PAR2—2 5 TPM A A9 7R B
i TPM2 T HA R 4 FATREHLE:

[target:~$ tpm2_getrandom --hex 4 }

ffi[f] OpenSSL T HA: il 4 FATHEHLE :

[target:~$ openssl rand -engine libtpm2tss --hex 4 }

A RSA FLBIFIRIE R o

target:~$ openssl genrsa -engine libtpm2tss -out /tmp/priv_key 512
Engine "tpm2tss" set.

target:~$ openssl rsa -check -in /tmp/priv_key -noout

RSA key ok

target:~$ cat /tmp/priv_key

MIIBVQIBADANBgkqhkiGOwOBAQEFAASCAT8wggE7AgEAAKEAXsvmcbxjwuKnYeuZ
2AVBmuLvYyqF/LpYOD3IB/v+YvEolxdGGmjiFLECU6xZ1j3+dIt4Y1zbcKS10cWT
I8mbSwIDAQABAkBoy8wrYNhmP/1kzUJIclznPYJckGoZ1FI1M7xjGSA9H1XDK61f
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(B E50)
5g5CYCHPrbBp8e@mEokPRZoihxxzGTxGPiahAiEA/70YMOpVZ5SD3YCcRsWcQlkWI
MOSPUYg6vxvGGIxp4FcCIQDHBO1RoHr+gXJwxIu3/30QAUBI4ACI4IRpOKelwhCO
LQIhANJzSvg/dak518pU55/99g3nbm7nPnnZSJiPOF6P62gjAiEA] f7qrfMF7Uyt
RKEjwb12t5Z868FNARGGMVxZT4x+aFOCIGx lmP2pL8xFulbWB282LSedqzZUdQwel
Lxi7+svb2+ul

ik
WEREAT X PN TEMEZ 2K, EARIEZEAFA RSA H4H.

AL RSA A8 B P 2%

target:~$ openssl rsa -in /tmp/test key -pubout -out /tmp/pub key
writing RSA key

target:~$ openssl pkey -inform PEM -pubin -in /tmp/pub_key -noout
target:~$ cat /tmp/pub key

MFwwDQYJKoZIhvcNAQEBBQADSWAWSAIBAMbL5NG8Y8Lip2HrmdgFQZri72Mghfy6
WDg9yAf7/mLxKIcXRhpo4hSxA10sWdY9/nSLeGNc23CktTnFkyPImOsCAWEAAQ==

L J

Device tree TPM configuration can be found here: https://github.com/phytec/linux-phytec-imx/blob/v6.
6.52-2.2.0-phy16/arch/arm64 /boot/dts/freescale/imx93-phyboard-nash.dts#L161
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CHAPTER 8

i.MX 93 M33 Core

%7 Cortex-A55 #Z .04, SoC FR£E K T —4> Cortex-M33 Core YEHE ML (MCU), FA1 Yocto-Linux-

BSP 7£ A55 #0 bizf7, 1 M33 Core A DAMENHHBIAZOME A, PATEISMAIESS, R bare-metal f[E {4,

Véﬁ&iﬁ‘%ﬁﬂ%iﬁﬁﬂ*ﬁﬁB"Jﬁl\ﬁa [l It#E M33 Core [ {5k Linux #:/ERGE RS, FERHIMER
Jiil®

FATH) Yocto-BSP {52k H NXP i M33 Core g3 [ {4 1 o
AR T A{E phyBOARD-Segin/Nash i.MX 91/93 Fiz47#iZk1¢1%) M33 Core &l {74 .

8.1 i=z1T M33 Core 7Rf
1547 M33 Core [E{FRBIAMF L : M U-Boot bootloader FIXEIEXFZFTH) Linux H{# f] Remoteproc -
G

THEMOAFE R, WEEN I PC LR B i Zamiift (Fl40 Minicom, Tio 5 Tera Term), If-ff
HBCE N 115200 PRFa. 8 MEURAL. LA BRI 1 AMEIRAL (8nl), HAMTET.

1 phyBOARD-Segin/Nash i.MX 91/93 3% —/ “USB 411 TTL 5 H55#ees” . s 1/0 5]
REREFE 3.3V HLEZKF N LAE.

WP, RN “USB 5 10 TTL & Ny (55 E B B X160 g

USB-TTL i&El=251M X16 {55 X16 5|
RXD X _UART2 TX 5
TXD X UART2 RX 8
GND GND 4

8.1.1 M U-Boot izfT=%l

T U-Boot bootloader MMz E 47~ Bl, A PAM ] bootaux fiy4:
L. #Ess—3kbes T BSP Hifgfy SD &
2. JE AT RS L E BB B
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3. FH SD -REE—4 X o] ) M33 Core [~ 61:

[u—boot=> 1s mmc 1

ik

T A B R B DA imx93-11x11-evk m33 TCM * 3k, DA *.bin £5RE., XEERHIH H NXP i Yocto J2
meta-imx, HARPE-S phyBOARD-Segin/Nash i.MX 91/93 {4 i3 247088

L i P F s B -

-boot=> fatload mmc 1 ${loadaddr} <firmware.bin>
-boot=> cp.b ${loadaddr} 0x201e0000 ${filesize}
-boot=> run prepare mcore

-boot=> bootaux 0x1ffe0000 0O

## Starting auxiliary core addr = Ox1FFE0000. ..

u
u
u
u

TR Iy Y s AE M33 Core 111t UART |,

8.1.2 j&iT Remoteproc £ Linux EiEfTHl

Remoteproc 2—MEHL, B AYELEZFT A Linux #H M33 Core . A]PANNZEL M33 Core [ FE{E- 175,
FAE Linux F4fl e B ahaifsE k. Zdif] Remoteproc, T REREAH overlay:

TETF MU /boot H R H4%E bootenv. txt 34, ¥SHI imx93-phycore-rpmsg.dtbo :

[overlays=imx93—phyboard—segin—peb—av—oz.dtbo imx93-phycore-rpmsg.dtbo

ot H AR 7E U-Boot H4fT:

[u—boot=> run prepare_mcore

FHxt M33 Core HREI{F7RBI *.elLf SCPFRTDAE /1ib/firmware "N4RE]. S n] A R 2R 6

[target:~$ 1s /lib/firmware/*.elf

B, HERA

target:~$ echo /lib/firmware/<firmware>.elf > /sys/class/remoteproc/remoteprocO/firmware
target:~$ echo start > /sys/class/remoteproc/remoteproc@/state

ZOMBA R P, M33 Core F5EH5E 1L

[target:~$ echo stop > /sys/class/remoteproc/remoteproc0/state

ik

TEJT AR /1ib/firmware H SR EIYH T2k H NXP ) Yocto JZ meta-imx, FHRHE5 phyBOARD-
Segin/Nash 1. MX 91/93 RE{ ()& MEBEAT T Pkt

NXP f— Sl R I F5 2 A Y Linux Y AZRR.

Bl 4, 24 0 # imx93-11x11l-evk m33 TCM rpmsg lite str echo rtos.elf w53 A N B
imx_rpmsg tty fRibR:
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[target:~$ modprobe imx_rpmsg tty

1

X¥—A~ RPMsg i i/l TTY BFEAE /dev/ttyRPMSG30 o FIYE ] LAGE I A VA F A ABS %k

Y B3] M33 Core :

[target:~$ echo "PHYTEC" > /dev/ttyRPMSG30

MEE M33 Core i UART Wixs = EPA T Hiih -

RPMSG String Echo FreeRTOS RTOS API Demo...

Nameservice sent, ready for incoming messages...
Get Message From Master Side : "PHYTEC" [len : 6]

8.2 ARM Ethos-U NPU

The NXP i.MX 93 family of SoCs optionally integrates the ARM Ethos-U65 NPU (neural processing unit).
The Ethos-U65 microNPU is designed for efficient machine learning acceleration. It helps developers build

more capable, cost-effective, and energy-efficient AI/ML applications.

On i.MX 93 the Ethos-U65 NPU is tied to M33 Core and works with Cortex-M33 Core. ML workloads are
offloaded from M33 Core to the NPU. The Cortex-A55 cores handle general-purpose and OS-level tasks (like
running Linux), while the M33 Core manages real-time and low-power ML tasks using the NPU.

The Cortex-Ab5 sends ML tasks to the Cortex-M33 Core via inter-processor communication. The M33 Core

then controls the NPU, loads firmware, and runs inference.

Our Yocto BSP (since PD24.2.2) includes pre-built NXP examples for NPU delegation.
This section shows how to run NXP NPU examples on phyBOARD-Segin/Nash i.MX 91/93.

8.2.1 Running NPU examples

From Linux, you can delegate NPU tasks using the remoteproc subsystem. First, load the device tree overlays
for remoteproc and NPU. Edit bootenv.txt in the /boot directory and add imx93-phycore-rpmsg.dtbo and

imx93-phycore-npu.dtbo overlays:

[overlays:imx93—phyboard—segin—peb—av—02.dtbo imx93-phycore-rpmsg.dtbo imx93-phycore-npu.dtbo

Reboot the target afterwards.

After reboot, check if /dev/ethosu0 exists in devfs. Then navigate to /usr/bin/tensorflow-lite-*/examples,

the folder which contains NXP’s NPU examples.

Before running a TensorFlow Lite model on i.MX93, you must first convert it to a Vela model. The Vela
model is a TensorFlow Lite model optimized for Ethos-U NPUs. It rewrites operators, tweaks quantization,
and adjusts memory layout for efficient execution. Compared to a regular TensorFlow Lite model, it is

smaller and tailored for the ARM Ethos-U NPU’s architecture.

To convert a TensorFlow Lite model to a Vela model, use the BSP-provided vela compiler:

target:~$ cd /usr/bin/tensorflow-lite-*/examples
target:examples$ vela mobilenet vl 1.0 224 quant.tflite

Network summary for mobilenet vl 1.0 224 quant
Accelerator configuration Ethos U65 256
System configuration internal-default

(85 R 70)
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(¥ k1)
Memory mode internal-default
Accelerator clock 1000 MHz
Design peak SRAM bandwidth 14.90 GB/s
Design peak DRAM bandwidth 3.49 GB/s
Total SRAM used 370.91 KiB
Total DRAM used 3719.84 KiB

0 (0.0%)
60 (100.0%)

CPU operators
NPU operators

Average SRAM bandwidth 5.53 GB/s

Input SRAM bandwidth 11.40 MB/batch

Weight SRAM bandwidth 9.25 MB/batch

Output SRAM bandwidth 4.10 MB/batch

Total SRAM bandwidth 24.86 MB/batch

Total SRAM bandwidth per input 24.86 MB/inference (batch size 1)

Average DRAM bandwidth 1.17 GB/s

Input DRAM bandwidth 1.45 MB/batch

Weight DRAM bandwidth 3.08 MB/batch

Output DRAM bandwidth 0.72 MB/batch

Total DRAM bandwidth 5.26 MB/batch

Total DRAM bandwidth per input 5.26 MB/inference (batch size 1)
Neural network macs 572406226 MACs/batch

Network Tops/s 0.25 Tops/s

NPU cycles 3732560 cycles/batch

SRAM Access cycles 1016537 cycles/batch

DRAM Access cycles 1676662 cycles/batch

On-chip Flash Access cycles 0 cycles/batch

0ff-chip Flash Access cycles 0 cycles/batch

Total cycles 4491867 cycles/batch

Batch Inference time 4.49 ms, 222.62 inferences/s (batch size 1)

This step creates the Vela model at output/mobilenet vl 1.0 224 quant vela.tflite.

ik

Converting a TensorFlow Lite model to a Vela model is CPU intensive (~20 seconds). You only need to
do this once per model.

Now you can run the NPU examples. This guide uses the NXP example label image. It performs image
classification by loading a pre-trained network, processing the input image, and printing the top predicted
labels with confidence scores.

target:examples$ ./label image -m output/mobilenet vl 1.0 224 quant vela.tflite |
-1 grace_hopper.bmp -1 labels.txt |
--external_delegate_path=/usr/lib/libethosu_delegate.so

INFO: Loaded model output/mobilenet vl 1.0 224 quant_vela.tflite

INFO: resolved reporter

INFO: Ethosu delegate: device name set to /dev/ethosu0.

remoteproc remoteprocO: powering up imx-rproc
(BF)
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remoteproc remoteprocO®: Booting fw image ethosu firmware, size 242844
INFO: Ethosu delegate: cache file path set to .

INFO: Ethosu delegate: timeout set to 60000000000.

INFO: Ethosu delegate: enable cycle counter set to 0.

INFO: Ethosu delegate: enable profiling set to 0.

INFO: Ethosu delegate: profiling buffer size set to 2048.

INFO: Ethosu delegate: pmu _event® set to 0.

INFO: Ethosu delegate: pmu_eventl set to 0.

INFO: Ethosu delegate: pmu_event2 set to 0.

INFO: Ethosu delegate: pmu event3 set to 0

INFO: EXTERNAL delegate created.

rproc-virtio rproc-virtio.l.auto: assigned reserved memory node vdevbuffer@a4020000
virtio rpmsg _bus virtioO: rpmsg host is online

rproc-virtio rproc-virtio.l.auto: registered virtio0® (type 7)
rproc-virtio rproc-virtio.2.auto: assigned reserved memory node vdevbuffer@a4020000
virtio rpmsg_bus virtiol: rpmsg host is online

virtio rpmsg bus virtiol: creating channel rpmsg-ethosu-channel addr Oxle
rproc-virtio rproc-virtio.2.auto: registered virtiol (type 7)

remoteproc remoteprocO: remote processor imx-rproc is now up

INFO: EthosuDelegate: 1 nodes delegated out of 1 nodes with 1 partitions.
INFO: Applied EXTERNAL delegate.

INFO: invoked

INFO: average time: 3.778 ms

INFO: 0.780392: 653 military uniform

INFO: 0.105882: 907 Windsor tie

INFO: 0.0156863: 458 bow tie

INFO: 0.0117647: 466 bulletproof vest

INFO: 0.00784314: 835 suit

(e E1)

Running on the NPU took 3.778 ms. You can now compare this to CPU-only execution. To run without
delegating work to the NPU, omit --external delegate path and use the original TensorFlow Lite model:

target:examples$ ./label image -m mobilenet v1 1.0 224 quant.tflite |
-1 grace_hopper.bmp -1 labels.txt

INFO: Loaded model mobilenet vl 1.0 224 quant.tflite

INFO: resolved reporter

INFO: Created TensorFlow Lite XNNPACK delegate for CPU.

INFO: invoked

INFO: average time: 164.281 ms

INFO: 0.768627: 653 military uniform

INFO: 0.105882: 907 Windsor tie

INFO: 0.0196078: 458 bow tie

INFO: 0.0117647: 466 bulletproof vest

INFO: 0.00784314: 835 suit

Running on the CPU took 164.281 ms. This makes inference about 40x slower compared to running on the

NPU. This highlights why using the NPU is preferred over the CPU for AI/ML tasks.

ik

For more details and resources, see NXP’s application note: AN13854 - Hardware acceleration with

Ethos-U on i.MX93
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