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1.1 TEREITKE
i.MX8QXP_QM Linux 4.14.98 ga HRZIF kB FH b @0

https://www.nxp.com/support/developer-resources/run-time-software/i.mx-developer-resources/i.mx
-software-and-development-tool:IMX SW

1.MX BSP Updates and Releases

Linux

Linux 4.14.98 2.0.0
Source Code
Linux Binary Demo Files - i.MX 6QuadPlus, i.MX 6Quad, i.MX 6DualPlus, i.MX 6Dual, . MX
6DualLite, 1.MX 6Solo, 1.MX 6SoloX
Linux Binary Demo Files - .MX 6SoloLite EVK
Linux Binary Demo Files - .MX 6SLL EVK
Linux Binary Demo Files - .MX 6UltraLite, i.MX 6ULL, .MX 7Dual
Linux Binary Demo Files - i.MX 7Dual SabreSD
Linux Binary Demo Files - .MX 7ULP EVK
Linux Binary Demo Files - .MX 8MMini EVK
Linux Binary Demo Files - .MX 8MQuad EVK
Linux Binary Demo Files - i.MX 8QMax MEK
Linux Binary Demo Files - i.MX 8QXPlus MEK
SCFW Porting Kit
AACPlus Codec

Documentation
Linux

Linux [.4.14.98 2.0.0 Documentation
A LLE G T
1. Linux [4.14.98 2.0.0 Documentation
1.MX BSP Porting Guide.pdf
1.MX_Graphics_User's Guide.pdf
1.MX Linux Reference Manual.pdf
1.MX Linux Release Notes.pdf
1.MX Linux_User's_Guide.pdf
1.MX VPU_Application Programming Interface Linux Reference Manual.pdf

i.MX8X P % Bz AAS 5 52 fil

2 NXP Semiconductor



1.MX Yocto Project User's Guide.pdf

2. SCFW Porting Kit
imx-scfw-porting-kit-1.2.tar.gz
. MX8QXP MEK Linux Demo 8314 7] L N4

1.2 B yocto Zi¥xIf5:
Ubuntu 14.04 4 5% 4177 B985 047 BT i 4 503 PR 7 0.
sudo apt-get update
sudo apt-get install gawk wget git-core diffstat unzip texinfo gec-multilib build-essential chrpath socat libsdl1.2-dev

sudo apt-get install libsdl1.2-dev xterm sed cvs subversion coreutils texi2html docbook-utils python-pysqlite2 help2man
make gcc gt++ desktop-file-utils libgl1-mesa-dev libglul-mesa-dev mercurial autoconf automake groff curl 1zop asciidoc

sudo apt-get install u-boot-tools

git config --global user.name xxx
git config --global user.email xxx@xxx.com

git config —list

FRAE SRS imx-yocto-L4.14.98 2.0.0 ga\i.MX_Yocto Project User's Guide.pdf £ % yocto %1%
WEE, FHEFEEUT LA
1. P EKREHLX TEiE M google 1 git Ak 5528 T %k repo L H, T PARGE I FiE AT git IR5S#3:
mkdir bin
cd bin
curl https://mirrors.tuna.tsinghua.edu.cn/git/git-repo -o repo

chmod a+x repo

export PATH=~/bin:$PATH
2. AT LGS a0 kA A H AT AT PAE 301 manifest:

https://source.codeaurora.org/external/imx/imx-manifest/tree/?h=imx-linux-sumo

mkdir imx-yocto-bsp
cd imx-yocto-bsp
repo init -u https://source.codeaurora.org/external/imx/imx-manifest -b imx-linux-sumo -
m imx-4.14.98-2.0.0_ga.xml --repo-url=https://mirrors.tuna.tsinghua.edu.cn/git/git-repo
repo sync
3. R wayland J i, 1A IE b 5 umCy T 3CH BRI M 40 Thox, 7] BMEH b J& ).

i.MX8X W IBNAE 5 2 il
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DISTRO=fsl-imx-wayland MACHINE=imx8qxpmek source fsl-setup-release.sh -b imx8qxpmek wayland

B SCHF QT )5S 1 xwayland J& i

DISTRO=fsl-imx-xwayland MA CHINE=imx8qxpmek source fsl-setup-release.sh -b imx8gxpmek xwayland
4. W F A YRR T wayland F3CHF GUI 815 -

bitbake fsl-image-validation-imx
o % QT
bitbake fsl-image-qt5-validation-imx

5. Gm PRI E B
Wayland:

/imx-yocto-bsp/imx8qxpmek wayland/tmp/deploy/images/imx8qxpmek/
fsl-image-validation-imx-imx8qxpmek.sdcard.bz2 ->
fsl-image-validation-imx-imx8qxpmek-20190114071748.rootfs.sdcard.bz2 (sdcard 5514, fif/E )5 7] LLEFERS)

fsl-image-validation-imx-imx8qxpmek.tar.bz2 ->
fsl-image-validation-imx-imx8qxpmek-20190114071748.rootfs.tar.bz2 (rootfs 4 1)

u-boot-sd-2018.03-r0.bin (uboot)

imx-boot-tools/ mx8gx-mek-scfw-tcm.bin (sc firmware)

imx-boot-tools/ bl131-imx8qxp.bin (ATF)
imx-boot-tools/mx8qx-ahab-container.img (seco HAB container {5 #%1%)
xwayland+QT:

pwd

~/imx-yocto-bsp/imx8qxpmek xwayland/tmp/deploy/images/imx8qxpmek/

fsl-image-validation-imx-imx8qxpmek.sdcard.bz2 ->
fsl-image-qt5-validation-imx-imx8qxpmek-20190731045445 rootfs.sdcard.bz2 (sdcard #i1%, ffIE )5 I PAE R S)

fsl-image-validation-imx-imx8qxpmek.tar.bz2 ->
fsl-image-qt5-validation-imx-imx8qxpmek-20190731045445 rootfs.tar.bz2 (rootfs JE 4 fi)

u-boot-sd-2018.03-r0.bin (uboot)
imx-boot-tools/ mx8gx-mek-scfw-tcm.bin (sc firmware)
imx-boot-tools/ bl31-imx8qxp.bin (ATF)

imx-boot-tools/mx8qx-ahab-container.img (seco HAB container {5 #:1%)

6. J%5 SD R4
Validation image:
bunzip2 -dk -f fsl-image-validation-imx-imx8qxpmek-20190114071748.rootfs.sdcard.bz2

i.MX8X P % Bz AAS 5 52 fil
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sudo dd if= fsl-image-validation-imx-imx8qxpmek-20190114071748.rootfs.sdcard of=/dev/sd<partition> bs=1M
conv=fsync

QT image:
bunzip2 -dk -f fsl-image-qtS-validation-imx-imx8qxpmek-20190731045445.rootfs.sdcard.bz2

sudo dd if= fsl-image-qt5-validation-imx-imx8qxpmek-20190731045445.rootfs.sdcard of=/dev/sd<partition> bs=1M
conv=fsync

VERE: AL yocto 4u BRI N
® X NS EWIRERS:

A system - o x

A B3 ControlPanel 5 Systemand Security 5 System ~ & | SearchContro 1 Panel p

Control Panel Home

Manufacturer: DellInc ACL
Modet Latitude 7290

Processor: Intel(R) Core(TM) i7-8650U CPU @ 1.90GHz
2116Hz

Computer name: NXL60830 @Change settings ¥

® BN LH, WA, &E'S ubuntu BLFEMA:
VMware® Workstation 14 Player 14.1.1 build-7528167

EHEEE
B &Im

wE HE
[ #riee 2
A gE# (SCSI) 200 GB
e fEf 2 (5C51) o4 GB
%, CD/DVD (SATA) Bzhzm]
“y Co/DVD 2 (SATA) Bahts
T peds A RS NAT
USB {2422 T
@_a =t Hhiam|
S TEM 7L
E e EEh A

uname -a

Linux ubuntu 3.16.0-77-generic #99~14.04.1-Ubuntu SMP Tue Jun 28 19:17:10 UTC 2016 x86_64 x86 64
x86_64 GNU/Linux

® IR X £% IRt
F A EHEEAS 1G 6T it .
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©® T HEIE B N A S R Mk (gpu sdk HRER)
U R /b typing AR 1R

o run this tool with Python 3.4 please install the 'typing' library with 'sudo pip3 install typing' or upgrade to
Python 3.5+. If you dont have 'pip3' then you need to install it with 'sudo apt-get install python3-pip'

sudo apt-get install python3-pip
sudo pip3 install typing
1 L LR imx-gpu-sdk 1S HO SRR AR YR IF AT B EID); T 1 weet F4RA
R, TELAEA, AR5 FIRIZAT bitbake
cd tmp/work/aarch64-mx8-poky-linux/imx-gpu-sdk/5.2.0-r0/git/. Thirdparty/.DownloadCache
wget https://source.codeaurora.org/mirrored_source/external/imx/tclap-1.2.2.tar.gz

wget https:/github.com/Unarmed1000/RapidVulkan/archive/1.0.68.0a.tar.gz

wget https:/github.com/g-truc/gli/archive/0.8.2.0.tar.gz

wget https://github.com/Unarmed1000/RapidOpenCL/archive/1.1.0.1.tar.gz

wget https://github.com/Tencent/rapidjson/archive/vl.1.0.tar.gz
mv 1.0.68.0a.tar.gz RapidVulkan-1.0.68.0a.tar.gz

mv 0.8.2.0.tar.gz gli-0.8.2.0.tar.gz
mv 1.1.0.1.tar.gz RapidOpenCL-1.1.0.1.tar.gz
mv v1.1.0.tar.gz rapidjson-1.1.0.tar.gz

~/imx-yocto-bsp/imx8qxpmek wayland/tmp/work/aarch64-mx8-poky-linux/imx-gpu-sdk/5.2.0-r0/git/. Thirdpa
rty/.DownloadCache$ 1s

gli-0.8.2.0.tar.gz  RapidOpenCL-1.1.0.1.tar.gz tclap-1.2.2.tar.gz
rapidjson-1.1.0.tar.gz RapidVulkan-1.0.68.0a.tar.gz
cd ~/imx-yocto-bsp/imx8qxpmek wayland/
bitbake fsl-image-validation-imx
o ALK
K 15 A/ (CBLAE AR 7] 23 ) I 18] ) o

1.2.1 45k sdk f 23t

bitbake fsl-image-validation-imx -c populate sdk
B

bitbake fsl-image-qt5-validation-imx -c populate sdk

i.MX8X P % Bz AAS 5 52 fil
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B ORZ): 2 AN
sdk WIESE R )G, LR T
~/imx-yocto-bsp/imx8qxpmek wayland/tmp/deploy/sdk
fsl-imx-wayland-glibc-x86 64-fsl-image-validation-imx-aarch64-toolchain-4.14-sumo.sh
QT ik
~/imx-yocto-bsp/imx8qxpmek xwayland/tmp/deploy/sdk
fsl-imx-xwayland-glibc-x86_64-fsl-image-qt5-validation-imx-aarch64-toolchain-4.14-sumo.sh
2% sdk:
SEAT 2 A
pwd
~/imx-yocto-bsp/imx8qxpmek wayland
mkdir sdk
/fsl-imx-wayland-glibc-x86 64-fsl-image-validation-imx-aarch64-toolchain-4.14-sumo.sh
Xwayland+QT Ul F:
pwd
~/imx-yocto-bsp/imx8qxpmek wayland
mkdir sdk
/fsl-imx-xwayland-glibc-x86 64-fsl-image-qt5-validation-imx-aarch64-toolchain-4.14-sumo.sh
N 223 sdk 1Y) H A5 H K (default: /opt/fsl-imx-fb/4.9.51-mx8-ga):
~/imx-yocto-bsp/imx8qxpmek wayland/sdk
You are about to install the SDK to "~/imx-yocto-bsp/imx8qxpmek wayland/sdk". Proceed[Y/n]? Y
Xwayland+QT Ul F:
~/imx-yocto-bsp/imx8qxpmek xwayland/sdk
You are about to install the SDK to "~/imx-yocto-bsp/imx8qxpmek xwayland/sdk". Proceed[Y/n]? Y

LIRATAE, FTPAE LT H SRR BN 222 1) sdk f % ¥ toolchain:

~/imx-yocto-bsp/imx8qxpmek wayland/sdk/environment-setup-aarch64-poky-linux
Sysroots
Xwayland+QT Ul F:
~/imx-yocto-bsp/imx8qxpmek xwayland/sdk/environment-setup-aarch64-poky-linux

Sysroots

i.MX8X P % Bz AAG 5 52 fil
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1.2.2 M7 9wk

1. %i¥ SCfirmware
T i«

pwd

~/imx-yocto-bsp

mkdir standalone

cd standalone

tar xzvf imx-scfw-porting-kit-1.2.tar.gz  (untar scfw tools kit)
|->packages

| |- imx-scfw-porting-kit-1.2.bin
chmod at+x ./ imx-scfw-porting-kit-1.2.bin

sh ./ imx-scfw-porting-kit-1.2.bin (run the bin file to install scfw tools kit)
cd imx-scfw-porting-kit-1.2/src
tar xzvf scfw_export mx8qm_b0.tar.gz

tar xzvf scfw_export mx8qgx_b0.tar.gz (untar source codes)

MELT Mk T 3 3 L A 5%
https://developer.arm.com/open-source/gnu-toolchain/gnu-rm/downloads (E.g. Linux 64-bit File:
gcc-arm-none-eabi-6-2017-q2-update-linux.tar.bz2 (95.90 MB) )

R BT IR I T BB IR A E 2017-q2, AEUUE A &0 T B4,

pwd

~/imx-scfw-porting-kit-1.2

mkdir toolchain

mv gcc-arm-none-eabi-6-2017-q2-update-linux.tar.bz2 toolchain/

cd toolchain

tar jxvf gcc-arm-none-eabi-6-2017-q2-update-linux.tar.bz2

pwd

~/imx-scfw-porting-kit-1.2/src/scfw_export mx8qx_b0

export TOOLS= ../.. /toolchain/

make qx B=mek R=B0 (41 F&ZFE F 0GBl in M=1 2%, U=2 £/RMEH SCUARSH O, FEEH
Y1 2 1 E make clean-gx — )

G PR AT EN N -

make gx B=mek R=B0 M=1 U=2

Generating platform/board/mx8qx _mek/dcd/imx8gx _dcd 1.2GHz.h

Generating platform/board/mx8qx_mek/dcd/dcd.h from platform/board/mx8qx_mek/dcd/imx8qx_ded 1.2GHz.h

Generating platform/board/mx8qx_mek/dcd/imx8qx_dcd 1.2GHz_retention.h

Generating platform/board/mx8qx_mek/dcd/dcd_retention.h from
platform/board/mx8qx mek/dcd/imx8qx dcd 1.2GHz retention.h

Compiling platform/drivers/pmic/fsl_pmic.c

Compiling platform/drivers/pmic/pf8100/fsl_pf8100.c

i.MX8X P % Bz AAS 5 52 fil
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Compiling platform/drivers/pmic/pf100/fsl_pf100.c
Compiling platform/board/mx8qx _mek/board.c
Compiling platform/board/board common.c
Compiling platform/board/pmic.c

Linking build mx8qx b0/scfw_tcm.elf ....

Objcopy build mx8qx_ b0/scfw_tcm.bin ....

done.

2. Ywi¥ uboot:
FITIF— AL
pwd
~/imx-yocto-bsp/standalone
git clone https://source.codeaurora.org/external/imx/uboot-imx
cd uboot-imx

git tag |grep rel imx_4.14.
rel imx 4.14.98 2.0.0 _ga

git checkout rel_imx_4.14.98 2.0.0 ga
git status
HEAD detached at rel imx 4.14.98 2.0.0 ga

nothing to commit, working directory clean

Is configs |grep imx8qxp

imx8qxp_mek defconfig

source ~ /imx-yocto-bsp/imx8qxpmek xwayland/sdk/environment-setup-aarch64-poky-linux
make imx8qxp mek_defconfig

make

éﬁ% log ﬁDT:

LDS u-boot.lds
LD u-boot
OBJCOPY u-boot.srec

i.MX8X W IBNAE 5 2 il
NXP Semiconductor 9



grep _rel dyn_end | cut-f1-d'"); tools/relocate-rela u-boot-nodtb.bin 0x80020000 $start $end

10

OBJCOPY u-boot-nodtb.bin

start=$(aarch64-poky-linux-nm u-boot | grep  rel dyn start | cut -f 1 -d'"); end=$(aarch64-poky-linux-nm u-boot |

DTC  arch/arm/dts/fsl-imx8dx-17x17-val.dtb
DTC arch/arm/dts/fsl-imx8qm-ddr4-arm2.dtb
DTC arch/arm/dts/fsl-imx8qm-1pddr4-arm?2.dtb
DTC arch/arm/dts/fsl-imx8qm-mek.dtb
DTC arch/arm/dts/fsl-imx8qm-mek-xen.dtb
DTC arch/arm/dts/fsl-imx8qxp-17x17-val.dtb
DTC arch/arm/dts/fsl-imx8qxp-lpddr4-arm2.dtb
DTC arch/arm/dts/fsl-imx8qxp-mek.dtb
make[2]: 'arch/arm/dts/fsl-imx8qxp-mek.dtb' is up to date.
SHIPPED dts/dt.dtb
FDTGREP dts/dt-spl.dtb
CAT  u-boot-dtb.bin
COPY u-boot.bin
SYM u-boot.sym
COPY u-boot.dtb
LD  u-boot.elf
CHK include/config.h
CFG u-boot.cfg
CFGCHK u-boot.cfg
PR A U (0 B 1RO
u-boot.bin
arch/arm/dts/fsl-imx8qxp-mek.dtb

9w 1% Linux P H%:

pwd
~/imx-yocto-bsp/standalone
git clone https://source.codeaurora.org/external/imx/linux-imx
cd linux-imx

git tag |grep rel imx_4.14

rel_imx 4.14.98 1.0.0_ga

i.MX8X P % Bz AAS 5 52 fil
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git checkout rel imx 4.14.98 2.0.0 ga
git status

HEAD detached at rel_imx 4.14.98 2.0.0_ga
source ~ /imx-yocto-bsp/imx8qxpmek wayland/sdk/environment-setup-aarch64-poky-linux
make defconfig
LDFLAGS="" CC="$CC" make
LDFLAGS="" CC="$CC" make dtbs clean
LDFLAGS="" CC="$CC" make dtbs //just make dtb
45 8 4 O EE 0
arch/arm64/boot/dts/freescale/fsl-imx8qxp-mek.dtb
arch/arm64/boot/Image

4. ZWi¥ ATF:
pwd
~/imx-yocto-bsp/standalone
git clone https://source.codeaurora.org/external/imx/imx-atf
cd imx-atf

git tag

rel imx_4.14.98 2.0.0_ga

git checkout rel_imx_4.14.98 2.0.0 _ga

git status

HEAD detached at rel imx 4.14.98 2.0.0 ga

source ~/imx-yocto-bsp/imx8qxpmek wayland/sdk/environment-setup-aarch64-poky-linux
LDFLAGS="" make PLAT=imx8qx

%1% log y\]:

LD  build/imx8qgxp/release/bl31/bl31.elf
BIN  build/imx8qxp/release/bl31.bin
Built build/imx8qgxp/release/bl31.bin successfully

G VRS U 1) 4 BB O -

i.MX8X P % Bz AAG 5 52 fil
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/build/imx8qxp/release/bl31.bin

5. 1217 imx-mkimage I 2E B% flash.bin £31%:
FATH— A, AZEYEE uboot&kernel [F] FH— ™ i :
pwd
~/imx-yocto-bsp/standalone
git clone https://source.codeaurora.org/external/imx/imx-mkimage
cd imx-mkimage
git tag

rel imx 4.14.98 2.0.0 _ga

git checkout rel imx 4.14.98 2.0.0 ga

git status

HEAD detached at rel imx 4.14.98 1.0.0_ga

imx-mkimage 75 221 H host PC ) GCC TR, JrbARE 258 tH 2 AT terminal. FHTEA, MM
1B H I source )38 4 PEAL & o

# mx8qx-ahab-container.img, sc firmware bin, atf Al uboot ¥4 Ul %} i iMX8QX H 3%

cp ../../imx8qxpmek xwayland/tmp/deploy/images/imx8gxpmek/imx-boot-tools/mx8gx-ahab-container.img ./iMX
8QX/

cp ../packages/imx-scfw-porting-kit-1.2/src/scfw_export mx8qx_b0/build mx8qx b0/scfw_tcm.bin ./iMX8QX/
cp ../imx-atf/build/imx8qx/release/bl31.bin ./iMX8QX/

cp ../uboot-imx/u-boot.bin ./iIMX8QX/

Is ./AMX8QX/

bl31.bin imx8dx ddr3 dcd 16bit 933MHz.cfg imx8qx_dcd 16bit 1.2GHz.cfg
imx8qx_ddr3 dcd 800MHz.cfg imx8qx ddr3_dcd 933MHz.cfg lib mx8qx-ahab-container.img scripts
u-boot

imx8dx_ddr3 dcd 16bit 1066MHz.cfg imx8qx dcd 1.2GHz.cfg imx8qx_ddr3 decd 1066MHz_ecc.cfg

imx8qgx _ddr3 dcd 800MHz ecc.cfg imx8qx_ddr3 dcd 933MHz ecc.cfg mkimage fit atf.sh scfw_tcm.bin
soc.mak

1247 imx-mkimage i A4 i flash.bin 4514
make SOC=1MX8QX flash b0
include misc.mak

include m4.mak

include android.mak

i.MX8X P % Bz AAS 5 52 fil
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include test.mak

include autobuild.mak

include rev_a.mak

include alias.mak

J../mkimage imx8 -commit > head.hash

630+1 records in

630+1 records out

645154 bytes (645 kB, 630 KiB) copied, 0.00327583 s, 197 MB/s

J../mkimage imx8 -soc QX -rev B0 -append mx8qx-ahab-container.img -c -scfw scfw_tcm.bin -ap u-boot-atf.bin
a35 0x80000000 -out flash.bin

SOC: QX

REVISION: B0

New Container: 0

SCFW: scfw_tcm.bin

AP: u-boot-atf.bin core: a35 addr: 0x80000000
Output: flash.bin

CONTAINER FUSE VERSION: 0x00
CONTAINER SW VERSION: 0x0000
ivt_offset: 1024

rev: 2

Platform: 1.MX8QXP B0

ivt_offset: 1024

container image offset (aligned):a800

flags: 0x10

Hash of the images = sha384

1+0 records in

1+0 records out

150528 bytes (151 kB, 147 KiB) copied, 0.000348217 s, 432 MB/s
292+1 records in

292+1 records out

149568 bytes (150 kB, 146 KiB) copied, 0.000953368 s, 157 MB/s
SCFW file_offset = 0xa800 size = 0x24c00

Hash of the images = sha384

1+0 records in

1+0 records out

i.MX8X W IBNAE 5 2 il
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777216 bytes (777 kB, 759 KiB) copied, 0.00122179 s, 636 MB/s
1516+1 records in

1516+1 records out

776226 bytes (776 kB, 758 KiB) copied, 0.00426954 s, 182 MB/s

AP file_offset = 0x2f400 size = 0xbdc00

CST: CONTAINER 0 offset: 0x400

CST: CONTAINER 0: Signature Block: offset is at 0x590

DONE.

Note: Please copy image to offset: IVT _OFFSET + IMAGE OFFSETHash of the images = sha384
1+0 records in

1+0 records out

760832 bytes (761 kB) copied, 0.00102483 s, 742 MB/s

1485+1 records in

1485+1 records out

760702 bytes (761 kB) copied, 0.00259972 s, 293 MB/s

AP file_offset = 0x28c00 size = 0xb9c00

CST: CONTAINER 0 offset: 0x400

CST: CONTAINER 0: Signature Block: offset is at 0x590

DONE.

Note: Please copy image to offset: IVT _OFFSET + IMAGE OFFSET

45 JE A2 B flash.bin 7E :
JIMX8QX/flash.bin
FEE: WAL N EH weet 174 3843 mx8qgx-ahab-container.img
wget http:/www.freescale.com/lgfiless NMG/MAD/Y OCTO/firmware-imx-8. 1.bin

chmod +x firmware-imx-8.1.bin && ./ firmware-imx-8.1.bin --auto-accept

mx8qx-ahab-container.img i/ T- firmware-imx-8.1/firmware/seco/mx8qx-ahab-container.img

6. kEEHEF sdeard
bootloader:
vmuser@ubuntu:~$ cat /proc/partitions

major minor #blocks name

8 32 7761920 sdc

i.MX8X P % Bz AAS 5 52 fil
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8 33 32768 sdcl
8 34 6918144 sdc2
sudo dd if=flash.bin of=/dev/sdc bs=1k seek=32

sync

kernel and btb:

cp Image to Boot imx8qgx

cp fsl-imx8qgxp.dtb to Boot imx8qx

2 Device Tree

2.1 BEEH device Tree 4514

Device Tree [] H sx1E
pwd

~/imx-yocto-bsp/standalone/linux-imx/arch/arm64/boot/dts/freescale

Is fsl-imx8*

p— fsl-imx8-ca35.dtsi

— fsl-imx8dx-17x17-val.dts

— fsl-imx8dx.dtsi

I— fsl-imx8dx-lpddr4-arm2.dts

I— fsl-imx8dxp.dtsi

I— fsl-imx8dxp-lpddr4-arm2.dts

|— fsl-imx8qxp-17x17-val.dts

— fsl-imx8qxp-ddr3l-val.dts

I— fsl-imx8qxp.dtsi

I— fsl-imx8qxp-enet2-tjal 100.dtsi

I— fsl-imx8qxp-Ipddr4-arm2-a0.dts

— fsl-imx8qxp-Ipddrd-arm2-dsi-rm67191.dts
— fsl-imx8qxp-Ipddrd-arm2-dsp.dts

I— fsl-imx8qxp-lpddr4-arm2.dts

I— fsl-imx8qxp-lpddr4-arm2-enet2.dts

I— fsl-imx8qxp-lpddr4-arm2-enet2-tjal 100.dts
I— fsl-imx8qxp-lpddr4-arm2-gpmi-nand.dts

i.MX8X P % Bz AAG 5 52 fil
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I— fsl-imx8qxp-lpddr4-arm2-Ipspi.dts

|— fsl-imx8qxp-lpddr4-arm2-lpspi-slave.dts

I— fsl-imx8qxp-Ipddr4-arm2-mlb.dts
|—fs1—imx8qxp-lpddr4-arm2-mqs.dts

I— fsl-imx8qxp-lpddr4-arm2-spdif.dts
—fsl-imx8qxp-Ipddrd-arm2-wm8962.dts

|— fsl-imx8qxp-mek-a0.dts
|—fsl-imx8qxp-mek-dom0.dts

— fsl-imx8qxp-mek-dsi-rm67191.dts

I— fsl-imx8qxp-mek-dsp.dts

I— fsl-imx8qxp-mek.dts
|—fsl-imx8qxp-mek.dtsi

I— fsl-imx8qxp-mek-enet2.dts

I— fsl-imx8qxp-mek-enet2-tjal 100.dts

I— fsl-imx8qxp-mek-inmate.dts

I— fsl-imx8qxp-mek-it6263-lvds0-dual-channel.dts
I—fsl-imxSqxp-mek-it6263-lvds 1-dual-channel.dts
|—fsl-imx8qxp-mek-j di-wuxga-lvdsO-panel.dts
|—fsl-imx8qxp-mek-j di-wuxga-lvds1-panel.dts
I—fsl-imx8qxp-mek-lcdif.dts
F—fsl-imx8qxp-mek-lvds0-it6263.dtsi
I—fsl-imxqup-mek-lvds 1-it6263.dtsi
F—fsl-imx8qxp-mek-ov5640.dts
|—fs1-imx8qxp-mek-ov5640.dtsi
|—fsl-imx8qxp-mek-ov5640-rpmsg.dts
I—fsl-imxSqxp-mek-root.dts
I—fsl-imxSqxp-mek-rpmsg.dts
|—fsl-imx8qxp-mek-rpmsg.dtsi
I—fsl-imxqup-xen.dtsi

|_

#include <dt-bindings/clock/imx8qxp-clock.h>
#include <dt-bindings/interrupt-controller/arm-gic.h>
/include/dt-bindings

#include <dt-bindings/interrupt-controller/arm-gic.h>
#include <dt-bindings/soc/imx_rsrc.h>

#include <dt-bindings/soc/imx8 hsio.h>
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#include <dt-bindings/soc/imx8 pd.h>
#include <dt-bindings/clock/imx8qxp-clock.h>
#include <dt-bindings/input/input.h>

#include <dt-bindings/pinctrl/pads-imx8qxp.h>
#include <dt-bindings/gpio/gpio.h>

#include <dt-bindings/thermal/thermal.h>

|— Makefile
Hrh imx8qgxp-mek B 17 dts HH LA R SCA-2H ik

fsl-imx8-ca35.dtsi
fsl-imx8dx.dtsi

il

fsl-imx8dxp.dtsi

!

fsl-imx8qxp.dtsi
Il

fsl-imx8qxp-mek.dtsi

® fsl-imx8-ca35.dtsi: SOC ) A35 &5 73 : 04 cpu,pmu i psci(Power State Coordination Interface).
o fsl-imx8dx.dtsi: SOC H1 . MX8DX/DXP/QXP L FH#E4). +& SOC JZ M) EZ 1

o fsl-imx8dxp.dtsi: SOC H' . MX8/DXP/QXP L H#5;: 3 vpu_decoder 5 i. MX8DX AHLLA
ZNGIB

o fsl-imx8qxp.dtsi: SOC H i.MX8QXP A #i4r: Lk i MX8DXP #HEL £ 1~ CPU #.

i.MX8X W IBNAE 5 2 il
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o fsl-imx8qxp-mek.dtsi:MEK AR ¢ F= 04, A3 IrE SN BRBhER 70
1. fsl-imx8qxp-mek.dts: MEK #R ['] DTB X f, BHEALE fsl-imx8qxp-mek.dtsis

2. fsl-imx8qxp-mek-dsi-rm67191.dts: MEK #7157 P H B F2E 82 1 rm67191 MiPi DSI #2 1 B¢ 1)
DTB X ff.

3. fsl-imx8qxp-mek-dsp.dts: MEK #% 37 #F HiFi DSP codec ) DTB 344
4. fsl—imx8qxp—mek—enet2.dts/fsl—imx8qxp—enet2—tjal 100.dtsi/fsl-imx8qxp-mek-enet2-tjal 100.dts
: MEK BSCHFIB I enet2 SEFE SR [ NXP al100 1) 100Mhz {542 LAK M PHY .

5. fsl-imx8qxp-mek-it6263-1vds0/1-dual-channel.dts: MEK AR 37 i LVDS0 8¢ LVDS1 #2 1/
dual channel % XK F: LVDS to HDMI #F, Ki%E#H: HDMI Eor a5 (BRI H fsl-imx8gxp-mek.dts
#& A single channel # A REH . )

6. fsl-imx8qxp-mek-jdi-wuxga-lvds0/1-panel.dts: MEK #% 57 £Fifi i LVDSO0 8% LVDS1 #2 1/ dual
channel 5 AR %42 jdi_tx26d202vm0bwa dual channel LVDS J#

7. fsl-imx8qxp-mek-ledif.dts: MEK 37 718 i LCDIF % I i%#% Seiko 43WVFIG adapter card.
8. fsl-imx8qxp-mek-ov5640.dtsi/dts: MEK #R 2 #Filid MiPi CSI #2 I1i%E#: OV5649 Camera sensor .

%1 imx8qxp-mek R BSP I, & IFAHKIIITA dis/dtsi ST, AERUAHR 1~8 1) DTB 3¢
4, ERIA uboot 1 i fdt_file=fsl-imx8qxp-mek.dtb.

2.2 device Tree ffH3k(no updates)

“Bp I IEFUHY linux kernel release 2 5 #5234 P 1Y merge window, {EIX/N% [1HATA], kernel
BN W 4E3r F AR 2= 1R 52 25 H I patch, ¥ H AR € AR TE R I kernel main line. %%
XN, Linus gias LRECEAT, ML FTEMNS D W LE 3 10 70 = EHUS B8 RS FF merge 21 H
. F kernel source tree ' Tony Lindgren, 1% OMAP development tree FI4E4 %, &Ki%k T —ANHB
PF45 Linus, 15RIESC OMAP FERSBE, IF4s i 17— e itk

+ TR AR IR B
2. KT U merge conficts. £ %% git mergetool Ht i AALHE, ANEEALFRRG, Z5H T iE4UN4H
AT 5

— VIR, a7 RBRIER, A, A pull request 51K T — %% ARM

linux PP ZARIS 418 . FAHIE Linus — & 20 ARM AH GRS B A K 7, ARM ) merge T
TEERRBIER IR, FERZMIAN ARM IR Z KRS E 2 bk, A BiHA %=+ B ZE ) table, 1M
Z /N NAEGES XA table, MIMFE 7 P98, BIIG, 7E4035E OMAP [ pull request 2 J5 (Linus FF
EEF X% OMAP P&, HJ2 Tony Lindgren #E7EM T ET) , bkt T %M.

Gaah. Guys, this whole ARM thing is a f*cking pain in the ass.

i.MX8X P % Bz AAS 5 52 fil
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15t ARM linux JF & ] Russell King i BEEAME, #H47 7 =K HERA LA SE, XKW
merge conficts 5 /& OMAP A1 IMX/MXC 2 [A] — g W I 8, ASRESR R EEAS ARM linux [B1BA %5
77 HABKIHA ARM P & 4E5 E WA THE : ARM “F & Wil & 4%, Wi Je K, 5FF arm linux code
Bicaefs—wil%, EEH#H T4 —FE], SSRGS Sed A, H AR THRN AU 1

TS, AFEZEREANAARE SRR EE . ZRFARE N
1. P43 (CPU R RE5HTE e ARS)

2. 43 ARM RS 45ARRS IN

3. P ARM sub architecture ) A Gk H %1 ARM SOC vendor)

44 ARM sub architecture [N FF & A SRZIHE ar i, (ERA R — 01, A TR R H b2 LA
PR E SRR H O A A SOC, R 4T . X8 NHATTh /)AL 5%, X linux kernel
FIEE MR AR IR N (28 N AT RRAR 5, (H2 NAEVLI B A O o FERXFERITE LT, IR 2 SOC specific
(RIS HE Z Eid copy and paste, SR 5 IS SRR IR A T - b4, %1~ ARM vendor ) SOC family
—KH M CPU list, &4~ CPU £ Z//DE LA, XBHix #ifdef #7587 1 &M, ik
ARM mach-H plat- H 3% T KA LA E A

1E YD ARM AR REEMIN, HEEIAEESE. L Russell King A ) team 1R 4F1I4EH T
ARM 1R REER RIS . FEA B, F27T mach-Fl plat- H 5%, HAR H %A f4AS A1 H LU R IF
1. YEN ARM linux FI4E37 35, 4E97— AN AW B 1 SOC AR CPU architecture code HHfi /& —
ANHkiK . 7E Intel X86 ML —Fi K R I A%, AT A8 IE [ X Intel FUXT FHIUCR K. MEHEE
BIEN (EEUEENE NI DA RERE . ARM FRIEE S, — 2 focus 7EHRA AN
b, Wi E B SRARIIRE, [RIBHEE 5 1A Intel B IETIX PT. A —DELE R AR Z K,
KH license IP /720, iEFEZ M) NN ARM @35 AES RS . =5 R, ARM A &)
(1), (HRX ML ARM linux [4E37 #5145k T 84S . Ok 2 198 7T A ARM [FE,
R Z () ARM platform AHICHARSHMA R A%, AIE R 2 HW block 51+ 3 & AN
...

W% 447 35 2 HIEXHRE RGN AZBAA RN BRI, AT A AR BeSh 7 3 = IR B2 W82
i), B, Linus 3% 5 25K merge window 1, ARM [FACISAR1L K2 %3/~ ARCH H 3%
1) 60% , N NIXE —MRIHEAF S, ERE ARM linux AR BEAAAE M . HSE, 60%iX
MR FIHIR 5K, KON unicore32 s&7E 2.6.39 merge window H15H— R4 # e 58, B RIARIS &4
BT AE 2 HACHS AR KL A ARCH H %1 9.6% (75 248 A 142 unicore32 s&—/ M ELED .
ALY ARM linux B NIARIXIE CPU 137 5 FZ AL, A& T, B2 453 W5 H SEPr
FIACIL 46 1A AT E « N AZ4EP7 3 2998 linux kernel SCRFHE 2 FIAE T &, HAMATEEZ N
linux kernel fil] 5& BEACZE )RR . Blan: KT %M EIEE ARM &, H—4 kernel image K 3 ¥

e iR, BE Y R T

1. ARM linux $t/> platform (£~ ARM sub architecture, B Ui SOC) Z [H PR, FEL
arm linux S A HE . (HF - IRORERRF IR AT, ARM4E4E CE#T 7 ADHKE T
fE (11 PM 1 clock tree) SKFh G AR R [ DhREAR R .
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2. ARM linux H K[ board specific FIYEAHS N 1% H kernel, 75 MI3X £edyy 7 ACAS Al table 2552
M linux kernel FKHA H Fx o

3. ) sub architecture FJ4Ed & HEHE AL Linux A FZLAIHLHIER = Z K
TN I R 2 18

B XF ARM linux HFJEUIR,  f5c 75 BRI 2 A G ia) @, 3k 2 ) 55 ARM sub architecture( %
A~ ARM Vendor) M5, Kk, PWAZHX AL T —4 ARM sub architecture [1] team, 1% team =
BT ARM | R AES (not ARM core part) , Russell King 4k%241 5t ARM core part 1)
R, 4k, #57— ARM platform consolidation tree. ARM sub architecture team 1 57 review %
/™ sub architecture 4E3 F A IMLHYS, FH7E ARM platform consolidation tree E4E4. 7E F—4
merge window ZISKRI I &, ¥ patch &Ki%45 Linus.

BB HARS A &, W R ANE ) SOC A6 H 1 AHTF ] IP block (140 12C controller) , HFAIX
A driver ) code ZE M %A arch/arm/mach-xxx A7 H K, AR pl— N8 FH B ER {24~ SOC
specific FIBLEAEH . #aNEIWEN H W ? XFF 12C 835 USB OTG i &, 1XLE HW block 13Kz
MIRNZAE BN B kernel/drivers H3g. KON, X TiXE85M5%, AREAE in-chip, tHAHEAE off-chip Y,
HEXN TS, eNERAZNN (BCEE UL A G &) E AR o T
FBLL system level ) code W ? 51U clock control. interrupt control. H:SZIX L A & ARM-specific,
MN.1% )& T linux kernel i R% CoACHY , B iZ ] linux/kernel H 5% K, J& T core-Linux-kernel frameworks.
BARXTT ARM P&, tBFEERAF LA framework 22 B[] code, X%t code MU fHi ARM SoC core
architecture code. OK, M4E— 1

1. ARM IR OIS SRR AFAE arch/arm H 5

2. ARM SoC core architecture code PRA77E arch/arm H %
3. ARM SOC HJ A4 HM SRR B IR B RAFAE drivers H 3
4. ARM SOC [JFFE RS 7E arch/arm/mach-xxx H%

5. ARM SOC board specific KIS #F2F%, I Device Tree MLl >k 71 51 4% 3 i AF $h M AN B2 U5 A5
S|

JC o

OK, Z&T-3k%|7T Device Tree 1 o« A5Jfi I, Device Tree ii25 7 JE 3k F hardcode 77 208 HW it
BEBMAZNZARME KT, 5 bootloader f£1# — A~ DB FJE . X T2ET ARM CPU H R A
ARG, BMIHETEEE—A platform AT PR HOGHE . (HZBEE ARM 7EIE 2K H T L
ZMH (EEEEARG. RGHR% , RATWE ARM GEW R X86 IFEH] — > kernel image K
X HEZ A platform. {EIXFHELL T, WRILATINA kernel & —1 black box, 4 Hibgm N SH N 1%
(KR

1. 5 platform f){E S
2. runtime FJHC & 4
3. WA IR 5K DL R R

i.MX8X P % Bz AAS 5 52 fil
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WTHRARNERG, ARG EEME, bootloader 2> NE NAZ I WG b BUE AT S N K%, AN, i
FHEAE EIR =ASEE BAL B kernel, PUE kernel A DL 8K R VG . 7€ linux kernel 77,
Device Tree H B¢t H A2 gk,

2.3 device Tree %Al 5iE1£(no updates)

AT ER UL, WRZAY ] Device Tree, HILH P2 T H WAL EM RREITSH, HE
IXE(E B ZURY Device Tree source file. 1#id DTC (Device Tree Compiler) , 1] LUK X EIE A A
FK 51521 Device Tree source file 28 BiE A L #F AL H 1) Device Tree binary file CH— N LFIT 144
¥, DTB, device tree blob) . £ RGL/EFNKIK, boot program (fll: firmware. bootloader)
A I LRAFAE flash 1 DTB copy 2| A7 YA AT LB L HA 5 =0, ] i0m) Ll bootloader
1172 B A A2 4k DTB, B firmware 1] LRI 2 device 1115 5., 2R DTB fRAEAE N AEH),
JF DTB B aa k%3525 client program (51 OS kernel, bootloader B¢ HARRFA Dy A (1 F2
7)o X FIENLRS (computer system) , — & firmware->bootloader->0S, *f T AN RLA,
— 72 bootloader->0S .

2.3.1 Device Tree (1AM S

TERIAR Device Tree I Z 1T, FATSG 0] — N EEAl A . /&5 Device Tree Z 4k R 40 H 1
AEHER? BREGEMN. AL, JIRET] DL 2 3 &2 A F IR, #40 USB
device. AIdXFT SOC L[] usb host controller, ‘& & LIEBIARANT, 75 EAE device tree HHHIA
[FIAEIEEE, 7E computer system H1, PCIdevice i AR B &R B, ATHFEAE device tree IR,
{H2& PCI bridge WUERAREHARM, M2 FHERMR L . FERMRK NS — R EIE

* CPUs

*  Memory

* Buses

* Peripheral connections

* Interrupt Controllers

*  GPIO controllers

e Clock controllers

DTS & —ANH15 (U @ PR B — ATl S b, AR R B
® NIZIEMHT device tree & ASBIE T & W&

® 5 I E LB AT ReiE I device tree SRR

® FUVF N XA L FH A T B KR i )

Device tree = £A0HE LR &7

i.MX8X W IBNAE 5 2 il
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e DTS: Device Tree Source: XA FHIR A, 7E arch/arm/boot/dts
e DTB:Device Treee Blob: H1 DTS il i 4 1€ 4 P 2 56 H R 1Y — - SO, oA
arch/arm/boot/dts ', N IZ1E J5 BN 2> it &
e DTC:Device Tree Compiler:/i. T script/dtc/dte, gm 1P 2N
make ARCH=arm imx6q-sabresd.dtb
N T fi# Device Tree (4544, FATTE 5645t —> Device Tree 71 :
/{ /rootnode “/”
nodel { //child nodes “nodel” ,” node2”
a-string-property = "A string"; /AR TENME, B” 7 E X
a-string-list-property = "first string", "second string"; /FFF R FIRMEME, B 7 €L, ¢, “OIF.
a-byte-data-property = [0x01 0x23 0x34 0x56]; /BYTE ¥tiE B, H[1E L.
child-nodel {// children nodes of nodel: "child-nodel" and "child-node2"
first-child-property;
second-child-property = <1>;
a-string-property = "Hello, world";
1
child-node2 {
3
1
node?2 {
an-empty-property;
a-cell-property = <1 2 3 4>; /* each number (cell) is a uint32 */ /u32 A @M, H<E X
child-nodel {
3
1
1

2.3.2 77 5 node

M EEHFATLUE H, device tree FIZEAR BT/ node. RGH FIREAN % & FH—> node KAk,
X1 node # A MANIRGE K, 2T rootnode, FF4N node # R H —> parent. —~> device tree 3 A4
B8 — 1 rootnode. &A™ node FELE T 45T 11 property/value K H#iA 1% node ] — L,
A node 15 pi 447 (node name) A1, 17 fid RIS A2
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[label:Jnode-name[@unit-address]. 41 1% node 3% reg J& 1 (a2 58X property) ,
DG A TR LI REEFE @A unit-address.  unit-address B B AARHE 2R AN B FELE TS bus b
K. BIanXS T cpu, H unit-address /e M 0 HiGdwbl, CAMLIN—. TEARME &, 5101 DKM
4%, H unit-address Bt & 2747 2a itk root node ) node name SEHfFE K, D AES.

e node-name YW T ATFF B, AZUE A FAEIT 3k,

Table 2-1 Characters for node names

Character Description
0-9 digit
a-z lowercase letter
A-7 uppercase letter
comma
period
| underscore
+ plus sign
= dash
e unit-address: U7 [F] G B4 1 E AL, 0 Z0IME—, DA Z0URT LY RORY reg & PERJT 4G b —
D

2.3.3 #R77 & root node
HAEEA > root node, & K AHIA A\ CPU ¥ & 2 A hE 2 18], % /D7F ZH] cpu A1 memory 75 3
HEG T
I
model = "NXP i.MX6 Quad SABRE Smart Device Board";
compatible = "fsl,imx6q-sabresd", "fsl,imx6q";
cpus {
#faddress-cells = <1>;
#size-cells = <0>;

cpul: cpu@0 {

¥
cpu@l {

cpu@2 {

¥
cpu@3 {

i.MX8X W IBNAE 5 2 il
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memory {

reg = <0x10000000 0x40000000>;

234 HEZT R

aliases 7 fE X T —25 4% . AMEE XA node e ? K4 Device tree ;& BPAREE M), 2425
F—A™ node HJ i Z 45 B AH%F T root node F¥) full path, %1/ nodel / child-nodel » H1RZ K5I H,
KRB S IX A E P T4 8 2 /0 R A Le BRI, R v] DATE aliases 5 i 8 X — 284584571 /4 full path
1465

*Given the alias mxctb0, it will lookup aliases nodes for the full device path
Example
aliases {
serial0 = "/simple-bus@fe000000/serial@11c500";
ethernet0 = "/simple-bus@fe000000/ethernet@31c000";

}

2.3.5 CPU i &

e Describes CPUs or cores in the system

Standard properties include: reg, clock-frequency, reservation-granule-size, etc

e TLB, L1 cache, as well as multi level and shared caches can be described

cpus {
i.MX8X P4 A% IR BN ARAS 5 5 il
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#address-cells = <1>;

#size-cells = <0>;

cpul: cpu@0 {

NXP Semiconductor

compatible = "arm,cortex-a9";
device type ="cpu";
reg = <0>;
next-level-cache = <&1.2>;
operating-points = <
/*kHz uV */
1200000 1275000
996000 1250000
852000 1250000
792000 1175000
396000 975000
=
fsl,soc-operating-points = <
/* ARM kHz SOC-PU uV *#/
1200000 1275000
996000 1250000
852000 1250000
792000 1175000
396000 1175000
=
clock-latency = <61036>; /* two CLK32 periods */
clocks = <&clks IMX6QDL CLK ARM>,
<&clks IMX6QDL CLK PLL2 PFD2 396M>,
<&clks IMX6QDL _CLK STEP>,
<&clks IMX6QDL CLK PLL1 SW>,
<&clks IMX6QDL CLK PLL1 SYS>,
<&clks IMX6QDL PLL1 BYPASS>,
<&clks IMX6QDL CLK PLLI>,
<&clks IMX6QDL PLL1 BYPASS SRC>;
clock-names = "arm", "pll2_pfd2 396m", "step",
"plll_sw", "plll_sys", "plll bypass", "pll1", "plll bypass src";
arm-supply = <&reg_arm>;

pu-supply = <&reg_pu>;
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soc-supply = <&reg_soc>;

I8
cpu@l {
compatible = "arm,cortex-a9";
device type = "cpu";
reg = <1>;
next-level-cache = <&L2>;
1
cpu@2 {
compatible = "arm,cortex-a9";
device type = "cpu";
reg = <2>;
next-level-cache = <&L.2>;
I8
cpu@s3 {
compatible = "arm,cortex-a9";
device type = "cpu";
reg = <3>;
next-level-cache = <&L2>;
I8

2.3.6 Memory ¥ &

memory device node #& FTA &2 W LA &5 5, B X T RGN A7 1 layout.
device_type JEVEE X T 1% node MBI, B4 cpu. serial 5. Xf T memory node, + device_type
W4T memory. reg JEME X T Ui lA1% device node HIE(E 2, 1% 8 M BB AT AT =K
(1) Caddress, size) %4, B ZKMEIE KK R address M size s& /£ H: parent node H13E X
(#address-cells fll#size-cells) . XfT device node, reg fi#i& | memory-mapped 10 register [ offset
F length. XT-J memory node, & X T % memory 45 HhE R B

Table 3-3 Memory node properties

Property Name Usage | Value Definition
Type
device_type R <string> Value shall be “memory™.
reg R <prop- Consists of an arbitrary number of address and size pairs that specify the
encoded- physical address and size of the memory ranges.
array>
initial-mapped-area o] <prop- Specifies the address and size of the Initial Mapped Area (see section 5.3).
encoded-
array> Is a prop-encoded-array consisting of a triplet of (effective address, physical
address, size). The effective and physical address shall each be 64-bit (<u64>
value), and the size shall be 32-bits (<u32> value).
Usage legend: R=Required, O=Optional, OR=0ptional but Recommended, SD=See Definition
Note: All other standard properties (section 2.3) are allowed but are optional.
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—A> 32bit i) N AF A 711
RAM: starting address 0x0, length 0x40000000 (1GB)
#address-cells = 1 and a #size-cells = 1:
memory {
device_type = "memory";

reg = <0x10000000 0x40000000>;

—> 64bit [N AE A7~ B: (64bit P 32bit Kk
RAM: starting address 0x0, length 0x80000000 (2GB)
RAM: starting address 0x100000000, length 0x100000000 (4GB)
Jiik 1
memory@0 {
device type = "memory";

reg = <0x000000000 0x00000000 0x00000000 0x80000000
0x000000001 0x00000000 0x00000001 0x00000000>;

15
T 2:
memory@0 {

device type = "memory",;

reg = <0x000000000 0x00000000 0x00000000 0x80000000>;
¥
memory(@ 100000000 {

device type = "memory";

reg = <0x000000001 0x00000000 0x00000001 0x00000000>;
1

2.3.7 WiET

chosen node F EHIRHIR H R4t firmware 15 € 1) runtime parameter. WIERAFFE chosen X
node, H: parent node WA TR MR 5. JERE I tag list %33 1Y — L% linux kernel i 1T
i 2400 LLIE IS Device Tree f5i# . 1141 command line 7] PAi# T bootargs X property iX 4@ A&
3#; inited FIFFAGHBRE AT PLE L linux,initrd-start 3X > property IX N & AL . ESLbrf, ZI3E
BI—A bootargs 1@, -

chosen { bootargs = "console=ttymxc0,115200"; };

FAVFNIE, device tree FT- HW platform %1, runtime parameter %3 DL S A AR 152 25 H A
chosen 1 53 H A TR EE R 2T SRR, B HE %148 T runtime parameters
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Table 3-4 Chosen node properties

Property Name Usage | Value Definition
Type
bootargs (8] <string> A string that specifies the boot arguments for the client program. The value
could potentially be a null string if no boot arguments are required.
stdout-path 0 <string> A string that specifies the full path to the node representing the device to be

used for boot console output. If the character ™" is present in the value it
terminates the path. The value may be an alias.

If the stdin-path property is not specified, stdout-path should be assumed to
define the input device.

stdin-path (0] <string> A string that specifies the full path to the node representing the device to be
used for boot console input. If the character ":" is present in the value it
terminates the path. The value may be an alias.

Usage legend: R=Required, O=Optional, OR=0ptional but Recommended, SD=See Definition

Note: All other standard properties (section 2.3) are allowed but are optional.

2.3.8 Bt

TR T AR device tree FIZE K G, FRATTEEALIX L LE KA I AE device tree source code 3.
1E linux kernel 1, ¥ FE44 2 dts BSOS A mEE(E 2 1Y device tree source file, 1E dts XAFH,
—) node #% 7E X i
[label:] node-name[(@unit-address] {

[properties definitions]
[child nodes]

}

“[1°# 7~ option, RIS LLE L —~ A node name [ 75 /. label /5 7E dts XAFH S, B
)G TH 23R - child node FIHE A node /& 58 & —FERY,  BEIE, —A dts STl 247 T i E H K
[¥] node, property LA & child note. child note property f#ii&.

%% ARM vendor 2 3L —2efigifh g E R, XN SCAFRE skeleton.dtsi. FRATH Fi_L (38
L C+ + g ISR B TIZ IR BT 907,

1. skeleton.dtsi. T linux-3.14\arch\arm\boot\dts H &, BEARZ AR NEU R :
/{

#address-cells = <1>;

#size-cells = <1>;

chosen { };

aliases { };

memory { device type = "memory"; reg =<0 0>; };
15
device tree il 44 [ S — MRCIRIG S5 K, BEAR 2, DIRER. </ M7 551 node name. {4l
“PZ IR B IZ T R BAR I E L, N R s S A VR E SCEARE child node f5E 3o
chosen. aliases Al memory #{{ /& sub node, sub node f*J£5#F1 root node A& 5¢ 4 — £/, KL, sub
node A H CIJEVEAE H ¥ sub node, AT T — MR device tree. J& 1% 1€ SR H
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property = value FJJE . 1l Ul#address-cells Fl#size-cells 5 /& property, [M<I>Hi & value. value
HULR LR -

1) JEM:AE &% <empty> Value is empty—used for conveying true-false information.

2) JEAE /& 32bit unsigned integers, FHARTE T EK IR, Hilil#size-cells = <1>, <u32> A 32-bit integer
in big-endian format. Example: the 32-bit value 0x11223344 would be represented in memory as:

address Ox11
address+1 0x22
address+2 0x33
address+3 0x44
interrupts = <17 0xc>;

3) JETE{E /2 64bit unsigned integers, HIRFETHKIR. <u64>-- A 64-bit integer in big-endian format,
would be represented as two <u32> cells

clock-frequency = <0x00000001 0x00000000>;

4) <phandle> -- specifies a numerical identifier for a node that is unique within the device tree

5) JEMEAE /2 binary data, 755K 8. U0 binary-property = [0x01 0x23 0x45 0x67] <bytestring>
-- each byte represented by two hexadecimal digits

local-mac-address = [00 00 12 34 56 78];

or equivalently:

local-mac-address = [000012345678];

6) JEMAH &2 text string, XL 5] 5K~ . 40 device type = "memory" <string> -- Strings are printable
and NULL-terminated

7) JEMEAE A string list, X5 5K 8. <stringlist> -- A list of <string> values concatenated together

2.3.9 Compatible J&£51 model J& 4

{EFIR compatible J&PE 2 BT £ EH#EIA model J& . model J& TR T 1Z 5458 TN 15 &4 7=
B HIH— model. — XM &, FATE% model I {H “manufacturer,model”. 141 model =
"fsl,imx6q-sabresd" . fsl ;&2 7k, imx6q-sabresd & model 258, R T BARKZ M —AN R 511
SOC. OK, IFEHATIEE] compatible JE&VE, ZJEIENI{E S string list, & X T —&RFH) modle (%F
A string 72—~ model) o IXELFRFH B RPARAE R G KL IR — A driver RIKFN1Z B .
W8 % JE M : compatible = “aaaaaa”, “bbbbb". A EAEEEAE RG A HEE J6fd ] aaaaaa KULALE
A driver, WIEREAVLELE], 847475 bbbbb K4k 4E TGS 1) driver, X T4,
compatible = "fsl,imx6g-sabresd", "fsl,imx6q";, X5 HE L 7 —4 liste %} T root node, compatible
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Je& 14 & I >R UL machine type [ (£ device tree fURS 70 M SC & h 225 R A BUN A ) o XT3
JE K HW block B3 &, %11 interrupt-controller, compatible J& /& F R ULHCIE A 1 driver H .

2.3.10 Phandle %

A <u32> value specifies a numerical identifier for a node that is unique within the device tree.

Used by other nodes that need to refer to the node associated with the property.

Example

pic@10000000 {

phandle = <1>;

interrupt-controller;

¥
*A phandle value of 1 is defined. Another device node could reference the pic node with a
phandle value of 1:

interrupt-parent = <1>;

The DTC tool automatically inserts the phandle properties when the DTS is
compiled into the binary DTB format when no explicit phandle properties.

2.3.11 R e e
Defines a human readable string describing a device
[label:] node-name[(@unit-address]
[label:] property-name = value;
[label:] property-name;

Labels may also appear before or after any component of a property value, or between cells of
a cell array, or between bytes of a bytestring.

reg = reglabel: <0 sizelabel: 0x1000000>;
prop = [ab cd ef byte4: 00 ff fe];
str = start: "string value" end: ;

1
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: interrupt-controller@@adloed {
compatible = "arm,cortex-a9-gic";
#interrupt-cells = <3>;
#address-cells = <1>;

#size-cells = <1»;

interrupt-controller;

req = <0x00a01000 0x1000:=,
<0x00a00100 0x100>;

The label 'intc:’ label is used to assign a phandle to the interrupt-parent property in the root
node.

En;;: interrupt-controller@@a01000 {
compatible = "arm,cortex-a9-gic";
#interrupt-cells = <3>;
soc { #address-cells = <1>;
#address-cells = <1>'; #size-cells = (1};
#size-cells = <1>; interrupt-controller;
compatible = "simple-bus"; reg = <0x00a01000 0x1000>,
interrupt-parent = <&fififE>; <0x00a00100 0x100>;
ranges; .

References & followed by a node’s label in a <> to denote phandle.
interrupt-parent = < &intc >;

or they may be & followed by a node’s full path in braces.
interrupt-parent = < & {/soc/interrupt-controller@00a01000} >;

2

Outside a cell array, a reference to another node will be expanded to that node’s full path.
ethernet0 = &EMACO;
&cpul expands to “/cpus/cpu@0”
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2.3.12 Fhk B

W —~ device node ALY T H FhEFR (EE X reg property) [#) sub node (J5 X H¥F2H
child node, A subnode s& —FEIRE ) , AL AE & XN EM . “#77& number 17 E,
#address-cells IX ™)@ M & F K AHiR sub node F1 1) reg J& M HuhEIRF PERD, WAk 23T EH 2 /b
A~ u32 ) cell SRAEFIRZHNEIR . [F)HE 0] DAHE Wr#size-cells )5 X, FHIX reg FIiA 225 H 5
HHE S -

e #address-cells :

defines the number of <u32> cells used to encode the address field in a child node’ s reg
property
e #size-cells
property defines the number of <u32> cells used to encode the size field in a child node” s
reg property.
* reg:
A list of tuples in the form
reg = <address1 lengthl [address2 length2] [address3 length3] ... >
The reg property is interpreted by its parent node’ s #address-cells and #size-cells.
ZN!
— assuming #address-cells and #size-cells are both 1,
reg = <0x3000 0x20 0xFE00 0x100>;
will be decoded as 2 memory blocks of 0x3000-:-0x3020 and 0xFE00---0xFF00.
w2

— cpus are assigned addresses 0 and 1 and no size field.

cpu@: cpu@o
compatible = "arm,cortex-a9”;
device type = "cpu”;
reg = <0>;

i;

cpu@l {
compatible = "arm,cortex-a9";
device type = "cpu”;
reg = <l=;
next-level-cache = <&lL2>;

w3
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= 4
#address -cells = <l=;
#size-cells = <l>;
compatible = "simple-bus"Hi
interrupt-parent = <&intcs>;
ranges;

dma_apbh: dma-apbh@?0110000 {

compatible = "“fsl,imx6q-dma-apbh
reg = <0x001100080 0x2000>;
interrupts = <0 I3 Ox04>, <0 13
interrupt-names = “"gpmi@", "gpmi
#dma-cells = <l=;

dma-channels = <4>;

clocks = <&clks 106>;

il 4

external-bus {
#address-cells = <2>
CEilmEemaibie = s

ethernet@0,0 {
caompatible = "smc, smc91cllli™;
reqg = <0 0 0Ox1000>;
¥
i2c@1,0
compatible = "acme,a2l234-iZc-bus";
reqg = <1 0 Ox1000>;
rtc@S8 {
compatible = "maxim,ds1338";
¥
¥
flash@z,0 {
compatible = "samsung, kBf1315ebm™, "cfi-flash™:

reqg = <2 0 0=x4000000>;

¥

the addresses form are <0 0 0>, <1 0 0>, <2 0 0>. It represent <chip select number, offset, length>.

2313 HhREEEE
o bR

— The root-direct children describe the CPU's view of the address space (memory mapped
address).

— Root-indirect children use the parent domain defined by their parent.
— Parent nodes are free to define whatever addressing scheme makes sense for the bus.
— Root-indirect children need be translated to a root address domain.

o HUHLYE

— Ranges is a list of address translations.
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— Each entry in the ranges table is a tuple in the form of (child-bus-address,
parent-bus-address, length).

— The size of each field is determined by taking the child's #address-cells value, the parent's
#address-cells value, and the child's #size-cells value.

a1 RE

Take the range entry <0 0 0x10100000 0x10000> for example:
“0 0” is child address,

“0x10100000” is parent address

“0x10000” is the child address length

i 2:

compatible = "acme, coyotes-revenge";
#address-—cells = <1>;
#3ize-cells = <1>;

external-bus {

#address-cells = <2>

#size-cells = <1>;

ranges = <0 0 0x10100000 0x10000 // Chipselect 1, Ethernet
1 0 0x10160000 0x10000 // Chipselect 2, i2c controller
2 0 0x30000000 0x1000000>; // Chipselect 3, NOR Flash

ethernetfo,0 {...}:

flash@2,0 {...};

ri

* Ranges is empty

If it’s defined with an <empty> value, it specifies that the parent and child address space is
identical, and no address translation is required.

2.3.14 H W

* interrupt-controller - An empty property declaring a node as a device that receives interrupt
signals

* #interrupt-cells - a property of the interrupt controller node. It states how many cells are in an
interrupt specifier for this interrupt controller (Similar to #address-cells and #size-cells).

i.MX8X P % Bz AAS 5 52 fil

34 NXP Semiconductor



* interrupt-parent - specify a phandle to the interrupt controller that it is attached to.

*Nodes that do not have an interrupt-parent property can also inherit the property from their parent
node.

* interrupts - A property of a device node containing a list of interrupt specifiers, one for each
interrupt output signal on the device.

w1

HARZ HW block [ interrupt source & WA 4 B2 [1]1% 42 3] interruptcontroller W ? 7E dts SCAF
HJ& A interrupt-parent IX AN JEPERFR IR . HAZ, X% X interrupt-parent J& 1 ¥ 42 root node,
METE root node 277 AE T 2 interrupt controller 1% ? AN Ly, WA U —ANRemg 7= A o b i)
device node XA 7€ X interrupt-parent ff) i, H interrupt-parent J& 145l /& FRB# parentnode. [k, 5
HAEFTA 1N & € X interrupt-parent, ANUIZE—7E root node H1 & X T -

intc /& —~> lable, A71H T — device node (FEAM|HEFRIHN T inte: interrupt-controller@00a01000 iX
/> device node). SEfR E, interrupt-parent J& P N1Z A At — > w32 B GX AN EEEE AE Device
Tree FI7EH PIME—1R 5] T — device node, tHifi/& phandle) , AL, 7E dts A, AT LA H
Bl ¢ 18 F 1) Labels and References #Lill o & X —> lable, ME—FRr1H—> node B property, J&
Brr] LA ] &K 51 XA lable. DTC 244 lable #4tfi u32 HIEEEE A S DTB H, Al 2 1 it
AN RO BAR e B T .

F interrupt, WAVESBH— PR . 7€ Device Tree 1, H — MMM interrupt tree, L3k
sV interrupt 172 — MROIREEH . FRATEL N B A6 GZ EIPK B Power ePAPR_APPROVED vl1.1):
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______ _ Interrupt Tree

AY
A} .
open—pic

O

nexus
Root of the

mterrupt

———

tree

interrupt
domains

R — interrrupt tree FIHR T &, devicel device2 LA} PCI host bridge ] interrupt line %
F&%EHF root interrupt controller ). PCI host bridge W44 A —L N % &, Wa=Adlr, H
FEABATTR R T #7 2 1%E #2 2] PCI host bridge _E [ interrupt controller (AiE FY{H interrupt nexus) , %A
J& #2 # root interrupt controller B REANGE™ A H B 115 £ AT LAF= A — AN B 24> interrupt,
&/ interrupt source (7 7b—ANARIE YA interrupt specifier, {#iA T interrupt source FI{5 &) #B &
PR & 7E BT J& 1) interrupt domain H .

BT 7 BRI E, AT LA L 5 EF interrupt-parent X M@ P HS0X A& M2 3
37 interrupt tree [ CEEJE M. TR T B4 A I device node U1 % H interrupt event. 73
Ah, T ESERE M) 2 interrupt controller 1 & A] LAZRERIY), R EA SRR K. IBAEXFELT
AT 52 X interrupt tree 1) root Mg ? AN %€ X interrupt-parent [ interrupt controller il & root.

intc: interrupt-controller@00a01000 {
compatible = "arm,cortex-a9-gic";
#interrupt-cells = <3>;
#address-cells = <1>;

#size-cells = <1>;

interrupt-controller;
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reg = <0x00a01000 0x1000>,
<0x00a00100 0x100>;

g

2.3.15 RS

* Property: status
* Value type: <string>

* Description: -- indicates the operational status of a device

Value Description
“okay” Indicates the device is operational
“disabled” | Indicates that the device is not presently operational, but it might
become operational in the future (for example. something is not
plugged in. or switched off).

Refer to the device binding for details on what disabled means for

a given device.

YEail” Indicates that the device is not operational. A serious error was

detected in the device, and it is unlikely to become operational
without repair.

“fail-ss=z” | Indicates that the device is not operational. A serious error was

detected n the device and it is unlikely to become operational

without repair. The sss portion of the value is specific to the

device and indicates the error condition detected.

A LA okay 1 disabled SRAT FAIE$5L 5 — N IR (1) B &

2.3.16 Bindings

* A binding documents what a particular compatible value means, what properties it should have,
what child nodes it might have, and what device it represents

— Located in Documentation/devicetree/bindings/

— Each binding page specifies the properties and child nodes that are expected and/or
allowed for the binding

— grouped into categories to make them easy to find an understand

— Please read the binding doc for each module under Documentation/devicetree/bindings/
before you create the DTS file for the first time

in iR C i

i.MX8X W IBNAE 5 2 il
NXP Semiconductor 37



Documentation/devicetree/binding/pinctrl/fsl,imx6q-pinctrl.txt
* NXP IMX6Q IOMUX Controller

Please refer to fsl,imx-pinctrl.txt in this directory for common binding part
and usage.

Required properties:
- compatible: "fsl,imx6q-iomuxc"
- fsl,pins: two integers array, represents a group of pins mux and config
setting. The format is fsl,pins = <PIN_FUNC_ID CONFIG>, PIN FUNC IDis a
pin working on a specific function, CONFIG is the pad setting value like
pull-up for this pin. Please refer to imx6q datasheet for the valid pad
config settings.

CONFIG bits definition:

PAD CTL HYS (1<<16)
PAD CTL PUS 100K DOWN (0<<14)
PAD _CTL PUS 47K UP (1<<14)
PAD CTL PUS 100K UP 2<<14)
PAD_CTL PUS 22K UP (3<<14)
PAD CTL PUE (1<<13)
PAD CTL PKE (1<<12)
PAD CTL ODE (1<<11)
PAD CTL SPEED LOW (1<<6)
PAD_CTL_SPEED MED (2<<6)
PAD CTL SPEED HIGH (3<<6)
PAD _CTL DSE DISABLE (0<<3)
PAD CTL DSE 240ohm (1<<3)
PAD CTL DSE 120ohm (2<<3)
PAD _CTL DSE_80ohm (3<<3)
PAD_CTL DSE_60ohm (4<<3)
PAD _CTL_DSE 48ohm (5<<3)
PAD CTL DSE 40ohm (6<<3)
PAD _CTL DSE 34ohm (7<<3)
PAD CTL SRE FAST (1<<0)
PAD CTL SRE SLOW (0<<0)

Refer to imx6q-pinfunc.h in device tree source folder for all available
imx6q PIN_FUNC _ID.

Arch\arm\boot\dts\imx6q-pinfunc.h

#define MX6QDL PAD SD2 DATI_SD2 DATAI 0x04c 0x360 0x000 0x0 0x0

#define MX6QDL PAD SD2 DATI __ECSPI5_SS0 0x04c 0x360 0x834 0x1 0x0

#define MX6QDL PAD SD2 DAT1 EIM CS2 B 0x04c¢ 0x360 0x000 0x2 0x0

#define MX6QDL PAD SD2 DAT1 _AUD4 TXFS 0x04¢ 0x360 0x7¢8 0x3 0x0

#define MX6QDL PAD SD2 DAT1 KEY COL7 0x04c¢ 0x360 0x8f0 0x4 0x0

#define MX6QDL PAD SD2 DATI __GPIOl 1014 0x04c 0x360 0x000 0x5 0x0
i.MX8X P4 A% IR BN ARAS 5 5 il
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2.317 DTC&DTB
+ dtc tool locates at scripts/dtc/, it is built out by rule hostprogs-y in scripts/dtc/Makefile

» dtb targes:
arch/arm/boot/dts/Makefile defines
which .dtb targets will be built out

e build command:
scripts/dtc/dtc -1 dts -O dtb -o /path/to/my-tree.dtb /path/to/my-tree.dts
+ libfdt
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J/scripts/dtc/libfdt manipulate binary DT

2.3.18

Device Tree binary ¥ 3\

2.3.18.1 DTB A%
234 Device Tree Compiler 4mk, Device Tree source file 42 i I Device Tree Blob ( X FR1E

flattened device tree) 4% 3. Device Tree Blob & ZHZR 40 B 7w

DTB header
( struct boot param_header )

alignment gap

memory reserve map

alignment gap

device-tree structure

alignment gap

device-tree strings

2.3.18.2 DTB header.
%t F- DTB header, &R @RI

header field name description

FARAN DTB (. I8 X magic, kernel AJ LA % bootloader 1414 [ 2%

magic

totalsize
off dt struct

off dt_strings

40

block /& —> DTB i& /& tag list.
DTB [ total size
device tree structure block ] offset

device tree strings block ] offset

i.MX8X P % Bz AAS 5 52 fil

NXP Semiconductor



off mem_rsvmap offset to memory reserve map. 48R %, AT 2R B —LE memory £ 4F
WRAHE (Bl DTB 503 initrd image) , 5% 7E4 % DSP+ARM [f] SOC
platform |-, 45 memory #{& B FI- T ARM #1 DSP #1715 EAC H.. X ELfR
HNEAREANNGFERRS .

version 1% DTB HJfRA

last_comp_version A TRAME B

boot_cpuid_phys BAHEH—~ CPU (H ID $5) | booting

dt_strings_size device tree strings block [¥] size. Fl off dt_strings —#2fffi %€ T strings block 7E
WA A B

dt_struct_size device tree structure block [1] size. FIAN off dt struct —#ZHfi € T device tree

structure block 7E PN 47 /R {4 B

2.3.18.3 memory reserve map & A FHiR

XA XS ELFE T T 11 reserve memory I8 . B reserve memory i £ & FH address Al size
Hpl. o address Fl size #l /& U64 KHHIA .

2.3.18.4 device tree structure block F#& ik

device tree structure block X 38& 45 T 170 il BAN B a7 B &R 2 PRAF T token, LA
MR IR 1Z 5 R EYERIN Y . 3511 5 Fh token:

(1) FDT_BEGIN_NODE (0x00000001). iZ% token i T —> node I IAIL B, 'E4R% 1% token
15k /& node name (fF5 unit address)

(2) FDT_END_NODE (0x00000002). 1% token f#fii& | —~> node 145 WAL & .

(3) FDT_PROP (0x00000003). % token ik T — property FIH UG A7 B, 1% token Z 5 &M
u32 HI%dE, 43 5)7& length Al name offset. length 7 1% property value data [ size. name offset &
INZIEVEFFFERAE device tree strings block [P {RAZ{E . length I name offset 2 J5 5t /& K A4 length
HAK) JE M 20 -

(4) FDT_NOP (0x00000004).
(5) FDT_END (0x00000009). i% token iR T —4> DTB (K45 R AL & .
—/NTTREM DTB 45T
(1) %4 FDT _NOP (HJi%)
(2) FDT BEGIN NODE
node name

paddings
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(3) AT mitkE .

(4) T4 50E Lo

(5) &> FDT NOP (m[ik)
(6) FDT_END

2.3.18.5 device tree strings bloc f{#% R fid

device tree strings bloc & X | &> node H{E H I EIERI FFF R K. I TRZ @it IEZ A
node ", (AL, PTE BIJEMETFFH 4 T —A string block. XFER] B4R DTB [F) sizeo

2.4 device Tree FJ{E4-#T(no updates)

ARATFEEHNERE: Ll Device Tree #HRIEIRI 0T N 5], %7 ARM linux kernel LIS 1E4T
b o BRI AR T LS

1. ¥lgafbimife. Wk dtb IR H L # 5% Device Tree Structure.
2. ARIBIZATH S8t 538 DL K platform HUR B FE 4T
3. W Device Tree Structure 3£ linux kernel )15 £ IR S

2.4.1 Wifa[i@id Device Tree 5EAI2 1T I S8 DA K platform KR 5 ThEE ?

2.4.1.1 JC4mER 4 IARHD 4B
linux/arch/arm/kernel/head.S A4 7€ X T bootloader F1 kernel )2 4% i3 E oK

MMU = off, D-cache = off, I-cache = dont care, r0 = 0, r1 = machine nr, 12 = atags or dtb pointer.

H 1 # kernel SCRFIHAY tag list H77 30, [FIIHSCFF device tree 773 12 AT HEAE device tree
binary file {I#84t (bootloader A% 1% 25 W% Z 1T 2 copy 2| memory H1) , A LAGESE tag list )45
£to 78 ARM FIIC 230 5 10 Ja sAS T (322 head.S A1 head-common.S) , machine type ID F1
fe M DTB 8% atags FIFREM# fR 17 /£ machine arch type 1 atags pointer H', XA 2N
TJRSE o ARISIEAT AL 3

2.4.1.2 1 device tree <] setup_arch A% 4-HT

BARE) ¢ RALHSZAE setup_arch HARHE, IXANRRERE —/NEMIAN L . BRI (HIER 78
I RAS) -

//larch\arm\kernel\setup.c

i.MX8X P % Bz AAS 5 52 fil

42 NXP Semiconductor



void _ init setup_arch(char **cmdline p)

{

const struct machine desc *mdesc;

mdesc = setup_machine fdt(_ atags pointer);
if (!mdesc)

mdesc = setup_machine tags(__atags pointer, machine arch type);
machine desc = mdesc;

machine name = mdesc->name;

X anfal i E HW platform IX AN A &7, 1H 8777542 558 8 A7 T[] machine f I8 FF (struct
machine desc ) , fE/8ZEFEH, I machine type ID /E AR 5], 1EIX LS € ) machine ff
RFF R, FLEIEAS ID LR RRRT . R NZF, B Je{FH setup_machine_fdt 5K setup
machine fiIARF, WIHRIR A NULL, A1{H AL 4K 7775 setup_machine tags 2K setup machine #fiif
o G124 machine arch type (bootloader i rl ZF {7 #34%1% %5 kernel 1)) F tag
list M3 CFSRHEAT tag parse) -« machine arch type K54k machine A %F; tag list H Tig
1T ZHME R . A N AN R RE, M{EA—K linux kernel 258 2315 tag list AL .

2.4.1.3 ULEE platform (machine #ii&%)

setup_machine fdt 5 %[ LI BERL AR Device Tree (158, X3 H & & 1 machine iR 5 .
BARRS U

//arch\arm\kernel\devtree.c

const struct machine_desc * __init setup_machine_fdt(unsigned int dt_phys)

{

const struct machine desc *mdesc, *mdesc_best = NULL;

if (!dt_phys || learly_init_dt scan(phys to_virt(dt phys)))
return NULL;

mdesc = of flat dt match machine(mdesc_best, arch_get next mach);

if (!mdesc) {
T Ab
}

/* Change machine number to match the mdesc we're using */

__machine arch type = mdesc->nr;

return mdesc;
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early_init_dt scan BRECA PN NIIRE, — DR NIELEN] DTB scan #EATHESR TAE, 54— ia
1T ZHULE . BARIEZSE T —A> section HHHIA o

of flat_dt match_machine /&7E machine fifi i 77 (K] 511 H scan, K F % &1 8> machine fifiif
o BATESeB W 4H B machine #IATF I FIFR . MUEGEHITT5RML, W EaE L.
DT _MACHINE_START Al MACHINE_END HI2K5E X —> machine fiif . 4 ik IN1%, compiler
2 £8 machine descriptor JEE]— MR BeH Carchiinfo.init) , JZ & machine il fF 713 .
machine fiR R FH N T B 4514k AR 1R O R 1 ASAHSSHT member) -

#define DT MACHINE START( name, namestr) \

static const struct machine_desc _mach_desc ## name \

__used \
__attribute_ ((__section__ (".arch.info.init"))) = { \

.nr =~0, \

.name = _namestr,
#define MACHINE END \

IE

struct machine_desc {
unsigned int nr; /* architecture number */

const char *const  *dt _compat; /* array of device tree 'compatible' strings */

nr % G352 i 248 F ) machine type ID. N 4% machine iR 55 1] table 5 #5T1 entry, BEN#D
H H . ID. bootloader f£3# | machine type ID, i B d H¥E— > machine #iiA%F. HATILHAC
machine B FF{# H compatible strings, /& dt_compat il 71, X & — string list, & X T XA
machine FT SCFFIZIF . 7EFT 4 machine $f18 755 51 3 19 I 5 75 ZEA BT 3R AL R — > machine f I8 #F
(1) compatible 7 M5 S, BARRAAS T

//arch\arm\kernel\devtree.c

static const void * __init arch_get next_mach(const char *const **match)

{

static const struct machine_desc *mdesc = arch_info_begin;

const struct machine desc *m = mdesc;

if (m>=__ arch_info_end)
return NULL;
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mdesc++;
*match = m->dt compat;

return m;

__arch_info_begin #5171 machine iR FF 51 &5 — > entry. 181 mdesc++ AWt #%5)) machine A
FFfa%t (Note: mdesc 2 static [)) - match % [7] [ % machine IR [] compatible string list. F A4
PLRRR SRR ., B2 BT RERTTT L, — A root node ) compatible 475 132, — 4~
#& machine F IR fF ] compatible =45 5 51136, 1573 B AR 1) Ce DL FE 9 D 3t A2 FRAT T 8 28328 5 1) machine
type.
/**

* of flat dt match_machine - Iterate match tables to find matching machine.

%k

* @default match: A machine specific ptr to return in case of no match.

* @get_next compat: callback function to return next compatible match table.

*

* Tterate through machine match tables to find the best match for the machine

* compatible string in the FDT.

<

const void * __init of flat dt match machine(const void *default match,

const void * (*get next compat)(const char * const™*))

const void *data = NULL;

const void *best_data = default match;

const char *const *compat;

unsigned long dt_root;

unsigned int best _score = ~1, score = 0;

dt_root = of get flat dt root();

while ((data = get next compat(&compat))) {
score = of flat dt match(dt root, compat);
if (score > 0 && score < best_score) {

best data = data;
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best_score = score;

}
if (!best_data) {
const char *prop;
long size;
pr_err("\n unrecognized device tree list:\n[ ");
prop = of get flat dt prop(dt root, "compatible", &size);
if (prop) {
while (size > 0) {
printk("'%s' ", prop);
size -= strlen(prop) + 1;

prop += strlen(prop) + 1;

§
printk("]\n\n");
return NULL;
}
pr_info("Machine model: %s\n", of flat dt get machine name());

return best_data;

2.4.1.4 I21TH ZHf%1E
AT ZHUEAESIH DTB 1) chosen node I 58 i), HARRI BN 1ERE 3REL chosen node ()

bootargs. initrd 55 JE YL value, FF# HARMFAES AL E (boot_command_line, initrd_start.
initrd_end) H'. i tag list 7722 RN, WL tag list, FREBUAHIG R R, IRAALERIFEH4 )R
g, BARRISALT early init dt scan pRELH:

//drivers/of/fdt.c

bool __init early init _dt scan(void *params)

{

46
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if (!params)
return false;
/* 4 J5 7% & initial boot params f§[ T DTB ] header*/
initial_boot params = params;
/* K DTB [ magic, #iil@&—~A % DTB */
if (be32_to_cpu(initial boot params->magic) != OF DT _HEADER) {
initial _boot params = NULL;
return false;

}

/* 14 /chosen node, fRAFIEITHI Z%L (bootargs) % boot command line, It4b, IEALEE initrd #H5SH] property, JF
{RA7AE initrd_start A1 initrd_end X PN 42 RAZ B #/
of scan flat dt(early init dt scan chosen, boot command line);

[ RN A, SREL {size,address}-cells {5 5., FFIRFELE dt_root_size cells 1 dt_root_addr_cells 4* i & */
of scan flat dt(early init dt scan root, NULL);

/* 34 DTB i) memory node, FFEAHFAS BIRFFE meminfo ', 4:J578 & meminfo fRTF T RGN AFAHK G

Ho *
of scan flat dt(early init dt scan memory, NULL);

return true;

}

WE meminfo (%4 JmALRHIE [ VI NAE AT R A% T

1. J#iL taglist (tag /&8 ATAG MEM) 1%i# memory bank H{5 ..

2. J#it command line (W] ELA tag list, 7] LUt DTB) 4%i% memory bank {5 S
3. ifid DTB ) memory node %3 memory bank 115 5.

H i1 48 2 HEFE 1 H Device Tree 177 2OoRAL S EE N /7241 JRAE B

2.4.2 YA RTE

TE RGN R IR T, FRATTR ZH DTB #8717 U2 device node FUMPIR 5, DMEEELT7
EEE. BAREARISA T setup_arch->unflatten_device tree 4.

//drivers/of/fdt.c

void __ init unflatten_device tree(void)
{

__unflatten_device_tree(initial boot params, &of allnodes, // create tree of device nodes from flat blob. All nodes are
saved in “of allnodes”.

early init_dt alloc_memory arch);
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/* Get pointer to "/chosen" and "/aliases" nodes for use everywhere */

of alias_scan(early init dt alloc_ memory_arch);

}

AT struct device node RN F e i) — A5 =, FARARREDD R -

struct device node {

const char *name; —————————————————— —— —— device node name

OIS G Ny T S XFRE device_type I J& P

phandle phandle;———————————————————— ——— Xif 1% 5 /5 ) phandle J& P

const char *full name; ———————————————— MNP FEIER, R781Z node [ full path

struct property *properties;— — ——————————— SRR

struct property *deadprops; —————————— WR TR M R L JEw M, kernel HAEEMIMIBR, TM&HEHNE
deadprops HJ 5158

struct device node *parent;—— ———— parent. child PL X sibling ¥ fi ] device node 4z K

struct device node *child;

struct device node *sibling;

struct device node *next; —— —————— T Z A AT PRI RIZE AL R —A4> node

struct device node *allnext;——————— I Z R £ AT PAREL node global list ~—7> node

struct proc_dir_entry *pde;——— ————— FFhk 2 userspace H proc #1115 /8

struct krefkref————————————— 1% node ] reference count

unsigned long _flags;

void

ji2

*data;

unflatten_device tree PR F L D) REE 231 DTB, #4 device node #%ZH 2%
1. global list. 4=J54% & struct device node *of allnodes i /& 45 1] 1% % #4 ) global list

2. tree.

XL e EEE/E  unflatten device tree BRELHSCIL, BARAM IR (Fed— Lo ¢ B E AR

i) .

static void __ unflatten_device_tree(struct boot_param_header *blob, — — — 7 14 [1) DTB
struct device node **mynodes,————————— global list f8%}
void * (*dt_alloc)(u64 size, u64 align)) —————— AT TE R £

{

unsigned long size;

void *start, *mem,;

struct device node **allnextp = mynodes;
BEARH R T health check X%, {51404 DTB header ff) magic, #fiiA blob FHf#E 71— DTB.

/* scan W FE S P RS, 55— %0 EESEMIE device-tree structure K, {RAEAE size AF & */
start = ((void *)blob) + be32 to_cpu(blob->off dt struct);
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size = (unsigned long)unflatten dt node(blob, 0, &start, NULL, NULL, 0);
size = ALIGN(size, 4);

/* WA EHE, AR R —A node 8L property B2 BUAHRL N AFE, SEFs EAZE —IRIERIHL T — KA
WAE, XN TEEFE T A [ struct device_node. node name. struct property T 75 B A 17, */

mem = dt_alloc(size + 4, alignof (struct device node));

memset(mem, 0, size);
*(__be32 *)(mem + size) = cpu_to_be32(0xdeadbeef); //FHHKALIE 5 unflattening J& 75 i H

% XA H I scan, S — IR scan &4 T R BRAEFTH node 1 property It 7% (1 A 17 size, 55 IR LT SEH)
T device node tree | */

start = ((void *)blob) + be32 to_cpu(blob->off dt struct);

unflatten dt node(blob, mem, &start, NULL, &allnextp, 0);

B AR F A 535 AN AL % OF DT _END.

BARH scan & 1E unflatten_dt_node FRELH, R COEE R 7 # DTB 145, HIACAIR
B, X EHAERHR T .
[
* unflatten_dt node - Alloc and populate a device node from the flat tree
* @blob: The parent device tree blob
* @mem: Memory chunk to use for allocating device nodes and properties
* @p: pointer to node in flat tree
* (@dad: Parent struct device node
* @allnextpp: pointer to ->allnext from last allocated device node
* @fpsize: Size of the node path up at the current depth.
&
static void * unflatten_dt node(struct boot param_header *blob,
void *mem,
void **p,
struct device node *dad,
struct device_node ***allnextpp,

unsigned long fpsize)

struct device _node *np;
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struct property *pp, **prev_pp = NULL;
char *pathp;

u32 tag;

unsigned int 1, allocl;

int has_name = 0;

int new_format = 0;

tag =be32 to cpup(*p);
if (tag = OF DT BEGIN NODE) {

pr_err("Weird tag at start of node: %x\n", tag);

return mem;
}
*p+=4;
pathp = *p;

1 = allocl = strlen(pathp) + 1;

*p=PTR_ALIGN(*p +1, 4);

/* version 0x10 has a more compact unit name here instead of the full
* path. we accumulate the full path size using "fpsize", we'll rebuild
* it later. We detect this because the first character of the name is
*not /",

)
if (*pathp) !="") {
new_format = 1;
if (fpsize == 0) {
/* root node: special case. fpsize accounts for path
* plus terminating zero. root node only has '/, so
* fpsize should be 2, but we want to avoid the first
* level nodes to have two '/' so we use fpsize 1 here
<
i.MX8X P4 A% IR BN ARAS 5 5 il
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fpsize = 1;
allocl = 2;
1=1;

*pathp ="\0';

1 else {
/* account for /' and path size minus terminal 0
* already in '
g
fpsize +=1,

allocl = fpsize;

np = unflatten_dt alloc(&mem, sizeof(struct device node) + allocl,
__alignof _ (struct device node));
if (allnextpp) {
char *fn;
np->full name = fn = ((char *)np) + sizeof(*np);
if (new_format) {
/* rebuild full path for new format */
if (dad && dad->parent) {

strepy(fn, dad->full_name);

#ifdef DEBUG
if ((strlen(fn) + 1+ 1) != allocl) {
pr_debug("%s: p: %d, 1: %d, a: %d\n",
pathp, (int)strlen(fn),
1, allocl);
}
#endif
fn += strlen(fn);
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}
*(fir+) =

}
memcpy(fn, pathp, 1);

prev_pp = &np->properties;
**allnextpp = np;
*allnextpp = &np->allnext;
if (dad !=NULL) {
np->parent = dad;
/* we temporarily use the next field as “last_child'*/
if (dad->next == NULL)
dad->child = np;
else
dad->next->sibling = np;
dad->next = np;
¥
kref init(&np->kref);
}
/* process properties */
while (1) {
u32 sz, noff;

char *pname;

tag =be32 to cpup(*p);

if (tag==OF DT NOP) {
*p +=4;
continue;

}
if (tag 1= OF_DT_PROP)
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break;
*p +=4;
sz =be32 to_cpup(*p);
noff =be32 to_cpup(*p + 4);
*p +=8;
if (be32 to cpu(blob->version) < 0x10)

*p=PTR _ALIGN(*p,sz>=87? 8 :4);

pname = of fdt get string(blob, noff);
if (pname == NULL) {
pr_info("Can't find property name in list !\n");
break;
§
if (strcmp(pname, "name") == 0)
has_name = 1;
1 = strlen(pname) + 1;
pp = unflatten dt alloc(&mem, sizeof(struct property),
__alignof _ (struct property));
if (allnextpp) {
/* We accept flattened tree phandles either in
* ePAPR-style "phandle" properties, or the
* legacy "linux,phandle" properties. If both
* appear and have different values, things
* will get weird. Don't do that. */
if ((stremp(pname, "phandle") == 0) ||
(stremp(pname, "linux,phandle") == 0)) {
if (np->phandle == 0)
np->phandle = be32 to_cpup((__be32*)*p);
}
/* And we process the "ibm,phandle" property
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* used in pSeries dynamic device tree
* stuff */
if (strcmp(pname, "ibm,phandle") == 0)
np->phandle =be32 to_cpup((__be32 *)*p);
pp->name = pname;
pp->length = sz;
pp->value = *p;
*prev_pp = pp;
prev_pp = &pp->next;
§
*p=PTR ALIGN((*p) + sz, 4);
}
/* with version 0x10 we may not have the name property, recreate
* it here from the unit name if absent
*/
if ('has_name) {
char *pl = pathp, *ps = pathp, *pa = NULL;

int sz;

while (*p1) {
if (*pl) ='@)

pa=pl;
if (*pl)=="")
ps=pl +1;
pl++;
}
if (pa <ps)
pa=pl;

sz=(pa-ps)+1;

pp = unflatten dt alloc(&mem, sizeof(struct property) + sz,
i.MX8X A BBz ARHE 5 e il
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__alignof _ (struct property));
if (allnextpp) {

—_n

pp->name = "name";

pp->length = sz;

pp->value = pp + 1;

*prev_pp = pp;

prev_pp = &pp->next;

memcpy(pp->value, ps, sz - 1);

((char *)pp->value)[sz - 1] =0;

pr_debug("fixed up name for %s -> %s\n", pathp,

(char *)pp->value);

¥
if (allnextpp) {
*prev_pp = NULL,;
np->name = of get property(np, "name", NULL);

np->type = of get property(np, "device type", NULL);

if (Inp->name)
np->name = "<NULL>";
if (Inp->type)
np->type = "<NULL>";
}
while (tag==OF DT BEGIN NODE | tag==OF DT NOP) {
if (tag == OF_DT NOP)
*p +=4;
else
mem = unflatten_dt node(blob, mem, p, np, allnextpp,
fpsize);
tag =be32_to_cpup(*p);
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}
if (tag = OF_DT _END NODE) {
pr_err("Weird tag at end of node: %x\n", tag);

return mem,;

}
*p +=4;
Returnmem;

}

2.4.3 WA 3FEA linux kernel [ & X sh R AL

7E linux kernel 5| NGt — &M 2 J5, bus. driver Fll device FEA T & AR R Bk =f . 1C
IRENHIGR AL I 2 AR % driver BT — N5 H) (— %2 xxx_driver) FEA bus ] driver 4%
# . device FE NBER 0 MG L, — MR ETRERD S8R bus, EHEN— N SE, B LI
TEX AT RIS B —A device BIRLEM (— 72 xxx_device, fFU1 usb device) , ZJA,
Pz B a5 R4 bus BT device 5538 .bus L H:# 1 driver Al device, 4 4T ik device 18 E] <%
IR driver Wé ? B4 MLEEEES > T, k72 bus I match FREL.

FHE S, ATERZFF] Device Tree. 53 Device Tree 5] A ARM 1K 2 450 AR
Horp— N EEZ R R OR 2 ESE R Blan: — RS2 L—1 static struct
platform_device *xxx_devices HFA A, EWIIHALEIN U platform_add_devices. IXLLFHA
5E LI platform_device 15 4F 3 i B 45 7€ &I resource, IX G EE SR — D1 K 0 ARM
linux AN 08 SOXEERAG, A — 8 fa E— DML pi2, 2 it, RAEMIZ SR Device tree
KA ARG H I platform_device. 498, XA EFEHAE R &K AELE platform bus | CRART]
PAZx2% “Platform Device” 1% 75) », AT BE AR AAE HARRAERPHGERD A ) bus b, 40 AMBA &45.
PCl a2k, —FUAikiz, WREIEN linux kernel )% % IR, HS4 w75 ZARYE device node
PIFIRE5#) (root 42 of allnodes) ¥ — M1 device node £ A FIAH L[ . 28 device BEFRH . HE
RIX — 5, B2 24 device M driver 242

M98, WARFTA Y device node #R 2 bus L% #%#E5K, LU cpus node, memory node,
choose node % .

2.4.3.1 cpus node ¥ Ab#
X FI A EE AT LS 2% setup_arch->arm dt init_cpu maps FACHS, BARFACIE LR
//arch\arm\kernel\devtree.c

void _ init arm dt init cpu_maps(void)

{
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—EA, B

Fm

scan device node global list, <-4k full path /&*“/cpus”fIFA™ device node. cpus iX> device node H
45 7 & cpu node HI5E X AKX A cpu node 3L ] property.
cpus = of find node by path("/cpus");

for each child of node(cpus, cpu) { 373 cpus FIATE K child node
u32 hwid;

if (of node_cmp(cpu->type, "cpu")) FRATTH IR LE device type /& cpu [1) node
continue;
if (of property read u32(cpu, "reg", &hwid)) { 2H reg J& M [ E FHEIRIE LS hwid
return;
}
reg X1 JE PEAE ) 8 MSBs 41X BN 0, iX /& ARM CPU binding & X ],
if (hwid & ~MPIDR_HWID BITMASK)
return;
ARVFEZR CPUId, AR —A KA E
for (j = 0; j < cpuidx; j++)
if (WARN(tmp_map[j] == hwid, "Duplicate /cpu reg "
"properties in the DT\n"))

return;

4 tmp map 1547 7 24 A CPU i MPIDR {8 (CPUID 1) , BEAKK index M4SN 2.  tmp map[0]{#AF T
booting CPU [ id {5, R CPU ) ID {H{RF1E 1~NR_CPUS {7 & .
if (hwid == mpidr) {
i=0;
bootcpu_valid = true;
} else {
i = cpuidx++;
}
tmp_map[i] = hwid,
}
R4 DTB {45 B % € cpu logical map %4

for (i=0; 1 < cpuidx; i++) {
set_cpu_possible(i, true);

cpu_logical _map(i) = tmp_mapl[i];

EHRIXER N E, 75 EH# ARM CPUs binding &, RIS %
linux/Documentation/devicetree/bindings/arm H 3% T ) CPU.txt SCAFIHE A
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2.4.3.2 memory {4

KR AL B AT LA S 2
setup_arch->setup_machine fdt->early init dt scan->early init dt scan memory H[FJfCAY . H AR
I

//drivers/of/fdt.c

int _ init early init dt scan memory(unsigned long node, const char *uname,
int depth, void *data)
{
char *type = of get flat dt prop(node, "device type", NULL); 3KIX device type J& 4 1H
__be32 *reg, *endp;
unsigned long 1;

TEWIIEACHIINE,  FATT 2% — 4 device node 2L FH 1% call back BR#, DHL, FRATE S JEHASLEAT memory
block & XI5 5K 1) node. A memory block & XA 5 s A WA, —Fhi& node name & memory@JE# 1, 4b—Fhi&
node F15E X T device_type J& I HHAH & memory.

if (type == NULL) {

if (depth != 1 || strcmp(uname, "memory@0") != 0)
return 0;
} else if (stremp(type, "memory") != 0)
return 0;

FREL memory S HhE A length FIME S . AMIMBEHEINZEEA R, — & linux,usable-memory, AN &HTHI T
L RAE A reg JBME
reg = of get flat dt prop(node, "linux,usable-memory", &I);

if (reg == NULL)

reg = of get flat dt prop(node, "reg", &l);
if (reg == NULL)
return 0;

endp = reg + (1 / sizeof(_ be32));

reg JEMEIIME /& address, size 202, FAAASREH — AN address/size e ? BT memory node — 7€ /& root node [
child, [E[Jk dt root addr cells (root node H#address-cells J&E{E) A1 dt_root_size cells (root node f#size-cells J& M4:{E )
Z Hgh /e address, size #ZHH entry size.

while ((endp - reg) >= (dt_root_addr cells + dt root size cells)) {

u64 base, size;

base = dt_mem_next_cell(dt_root_addr_cells, ®);

size = dt mem_next_cell(dt root size cells, ®);

early init_dt add memory arch(base, size); 4 HA& 1] memory block {5 SN ZI P #Z H
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return 0;

2.4.3.3 interrupt controller f 43

WIuE Ak it start_kernel->init IRQ->machine desc->init_irq()SEIL) . FATH imx6g-sabresd
ISR 4R interrupt controller FIALEE A2 . R 1HI /& machine 5B FF AT E X o

//larch/arm/mach-imx/mach-imx6q.c
DT _MACHINE_START(IMX6Q, "NXP i.MX6 Quad/DualLite (Device Tree)")

/%

* .MX6Q/DL maps system memory at 0x10000000 (offset 256MiB), and
* GPU has a limit on physical address that it accesses, which must

* be below 2GiB.

<

.dma_zone size =(SZ 2G -SZ 256M),

.smp =smp_ops(imx_smp_ops),

.map_io =imx6q_map_io,

Anit_irq =imx6q_init irq,

.Anit_machine = =imx6q_init _machine,
Anit_late  =1imx6q_init_late,
.dt_compat =imx6q_dt_compat,

.restart = mxc restart,

MACHINE END

static void __init imx6q_init_irq(void)
{
imx_init_revision_from_anatop();//from anatop register, read the chipset TO version and init the revision
imx_init [2cache();//initical p1310 L2 cache
imx_src_init();//initial system reset controller
imx_gpc_init();//initial gpc

irgchip_init();
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fE driver/irqchip/irq-gic.c LA H1 € T interrupt controller, #1F:
IRQCHIP_DECLARE(cortex a9 gic, "arm,cortex-a9-gic", gic_of init);

9%, ARGl LoE U Z 1) irqehip, AN BARFBE—N 2 5% DTB H 1) interrupt controller node
HH11) compatible J& M6/ 7€ 1. 7E driver/irqchip/irqchip.c SCAFH 58 X T irqchip init BREL, 1R

void __init irqchip_init(void)
{

of irq_init(__irqchip begin);
}

__irqchip_begin Bt A& FTA 1 irqchip 11— 513K, of irq_init A EUZ ) Device Tree, K E|ULECIT
irqchip. BARFARES 0T

void __ init of irq_init(const struct of device id *matches)
{

struct device node *np, *parent = NULL;

struct intc_desc *desc, *temp_desc;

struct list_head intc_desc_list, intc_parent_list;

INIT_LIST HEAD(&intc_desc_list);
INIT LIST HEAD(&intc parent_list);

i 7 BT 1) node, 5-3k5E X T interrupt-controller J& 14 1) node, I T interrupt-controller J& 14 M 15 B 1% node
AR — > R s i

for_each_matching node(np, matches) {
if (lof find_ property(np, "interrupt-controller", NULL) ||
lof device is_available(np))

continue;

RN NEER, 2IRIEAG R E interrupt-parent £ 37 controller 22 ][5 755 &« T interrupt controller, ‘& 7]
Aefe — MR 4544

desc = kzalloc(sizeof(*desc), GFP_ KERNEL);

if (WARN_ON(!desc))

goto err;

desc->dev = np;

desc->interrupt_parent = of irq_find parent(np);

if (desc->interrupt_parent == np)
desc->interrupt parent = NULL;
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list_add tail(&desc->list, &intc_desc list);
}
1EBEZA interrupt controller 4% 2H ZARAR AU 2544,  BRICATTAG A0 BRI it 7 245 1), RO MAR ST SUFLR, AR vt 2

"F— level [ interrupt controller.
while (!list_empty(&intc_desc_list)) { intc_desc list B£K I A — DA, AT — A At 2%
MR, HETA R R, B REESRES R T

list for each entry safe(desc, temp_desc, &intc _desc_list, list) {
const struct of device id *match;
int ret;

of irq_init_cb_tirq init cb;

I AR I % parent A8 & /& NULL, #{R 5 — M4 A EE /2 root interrupt controller. 7EAL¥E5E root node 2 J&
parent 28 &4} 1% € 4 root interrupt controller, F Ik, /MM H AL H)JEFTH parent 42 root interrupt controller [
child interrupt controller. /& level 1 C(UIR root /2 level 0 HITE) HITH Ao

if (desc->interrupt_parent != parent)

continue;
list_del(&desc->list); ————— N2 A B
match = of match node(matches, desc->dev);—— ——— UCRCFHHIuE L
if (WARN(!match->data, — ————————— match->data & ¥ 4614 2R £

"of irq init: no init function for %s\n",
match->compatible)) {
kfree(desc);

continue;

}

irq_init_cb = (of irq_init_cb_t)match->data;
ret = irq_init_cb(desc->dev, desc->interrupt_parent); — — — — — PATVIGEA R 2L
if (ret) {

kfree(desc);

continue;

}

ABFSE B ASUBON inte_parent list $53%, 512 £
list_add_tail(&desc->list, &intc_parent_list);
}

¥ level 0, A — root interrupt controller, X level 1, RIREH % T interrupt controller, [l ZE i JJj 1% &
parent interrupt controller, PAfEALEE T —~ level [ child node.
desc =list_first_entry or null(&intc_parent_list,
typeof(*desc), list);
if (!desc) {
pr_err("of irq init: children remain, but no parents\n");
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break;

}
list_del(&desc->list);
parent = desc->dev;
kfree(desc);

}

list for each entry safe(desc, temp desc, &intc_parent list, list) {
list_del(&desc->list);
kfree(desc);

}

err:
list_for each entry safe(desc, temp desc, &intc_desc_list, list) {
list_del(&desc->list);
kfree(desc);

R 1% node H'f interrupt-controller IXAMEMEE X, H4 linux kernel 52343 Bit—™ interrupt
controller FIHHIRTF Cstruct intc_desc) FF4ENPAFI. JHIT interrupt-parent J& 1, 7] LA & %A
interrupt controller ]2 XK &R . 1E scan | i ) Device Tree 4[] interrupt controller & X 2 J5,
ARG IRILECIEFE . — B ULECE] 1 interrupt chip R IR fG, 2 Ui FHAR R (0] 4640 R 2
Wi CPU & imx6q 1%, VLECE|H)/2 irqehip VTG R EE gic_of init.

OK, FRAICAi# 1T compatible J& K F T i& & 1 interrupt controller, 54 WHA fEHT reg J& PENE?
FAHE, T imx6q [ interrupt controller M1 &, H#interrupt-cells FIJEEE & 3, & XA USH
binding 3 f/documentation/devicetree/binding/arm/gic.txt. BN IPIAEREUIT :

* ARM Generic Interrupt Controller

ARM SMP cores are often associated with a GIC, providing per processor interrupts (PPI), shared processor interrupts (SPI)

and software generated interrupts (SGI).

Primary GIC is attached directly to the CPU and typically has PPIs and SGIs. Secondary GICs are cascaded into the upward

interrupt controller and do not have PPIs or SGIs.

Main node required properties:

- compatible : should be one of: "arm,gic-400"
"arm,cortex-al5-gic"
"arm,cortex-a9-gic"

"arm,cortex-a7-gic"
"arm,arm1 Imp-gic"

- interrupt-controller : Identifies the node as an interrupt controller
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- #interrupt-cells : Specifies the number of cells needed to encode an interrupt source. The type shall be a <u32> and the value
shall be 3.

The 1st cell is the interrupt type; 0 for SPI interrupts, 1 for PPI interrupts.
The 2nd cell contains the interrupt number for the interrupt type.
SPI interrupts are in the range [0-987]. PPI interrupts are in the range [0-15].

The 3rd cell is the flags, encoded as follows: bits[3:0] trigger type and level flags. 1 = low-to-high edge triggered 2 =
high-to-low edge triggered 4 = active high level-sensitive 8 = active low level-sensitive bits[15:8] PPI interrupt cpu mask. Each

bit corresponds to each of

the 8 possible cpus attached to the GIC. A bit set to 'l' indicated the interrupt is wired to that CPU. Only valid for PPI

interrupts.

- reg : Specifies base physical address(s) and size of the GIC registers. The first region is the GIC distributor register base and

size. The 2nd region is the GIC cpu interface register base and size.

Optional
- interrupts : Interrupt source of the parent interrupt controller on secondary GICs, or VGIC maintenance interrupt on
primary GIC (see
below).
- cpu-offset : per-cpu offset within the distributor and cpu interface regions, used when the GIC doesn't have banked

registers. The offset is cpu-offset * cpu-nr.
Example:
intc: interrupt-controller@fff11000 { compatible = "arm,cortex-a9-gic";

#interrupt-cells = <3>;
#taddress-cells = <1>;
interrupt-controller;
reg = <0xfff11000 0x1000>, <0xfff10100 0x100>; };

* GIC virtualization extensions (VGIC)

For ARM cores that support the virtualization extensions, additional properties must be described (they only exist if the GIC is
the primary interrupt controller).

Required properties:

- reg : Additional regions specifying the base physical address and size of the VGIC registers. The first additional region is the
GIC virtual interface control register base and size. The 2nd additional region is the GIC virtual cpu interface register base and

size.

- interrupts : VGIC maintenance interrupt.
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Example:
interrupt-controller@2c001000 { compatible = "arm,cortex-al5-gic";
#interrupt-cells = <3>;
interrupt-controller;
reg = <0x2c001000 0x1000>, <0x2c002000 0x1000>,
<0x2c004000 0x2000>,

<0x2c006000 0x2000>; interrupts = <1 9 0xf04>; };

2.4.3.4 machine ¥4k
machine FJIHAL ARG v] LVS &

start_kernel->rest_init->kernel_init->kernel_init_freeable->do_basic_setup->do_initcalls #1225, 7
do_initcalls B % H, kernel 2K IKAT & initcall BRE, FEXANIFET, 2
customize machine, AR :

static int __init customize machine(void)

{

if (machine desc->init_machine)
machine desc->init_machine();
else
of platform populate(NULL, of default bus match table, NULL, NULL);

return 0;

}

arch_initcall(customize machine);

TEIXAN R, — M2 machine £ %7 4111 init_machine callback B& HCRHE % F Device
Tree H5E AN &T AIMAR RS . WHR machine fiiR T H %A € X init_machine BA%L, F4
B of platform_populate 2 F7 A 1 platform device I A Z| kernel 1. X} T imx6q-sabresd,
machine 8 5 71 1] init_machine callback PA% 5 /& imx6q_init machine, RAHUTT:

static void __init imx6q_init_machine(void)

{

struct device *parent;
imx_print silicon_rev(cpu_is_imx6dl() ? "i. MX6DL" : "i. MX6Q",

imx_get soc_revision());
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mxc_arch reset init dt();

parent = imx_soc_device_init();
if (parent == NULL)
pr_warn("failed to initialize soc device\n");

of platform populate(®NULL, of default bus match_table, , -------- £ N\ NULL %% 7~ M root node
20
0o Scan

imx6q_auxdata_lookup, parent);
imx6q_enet_init();
imx_anatop_init();
imx6q_csi_mux_init();
cpu_is_imx6q() ? imx6q_pm_init() : imx6dl_pm_init();

}

FH AT L, e 2442 1 platform device FIAURY K H of platform_populate PR %, 1% BRI E 1) 32 45 LE L
f& 5., )7 device node global list H FTH f) node, i of platform bus_create XbFE,
of platform_bus_create BREACAL AT

//drivers/of/platform.c

static int of platform bus_create(struct device node *bus,------------- TR A4S device node

const struct of device id *matches,------- ZLUTHCHY list

const struct of dev_auxdata *lookup,------Ff} J& £ 4

struct device *parent, bool strict)--------------- parent 45 M5 T3 i strict & 75 E 3K 58 4= LT
{

const struct of dev_auxdata *auxdata;
struct device node *child;

struct platform device *dev;

const char *bus id = NULL,;

void *platform_data= NULL,;

int rc = 0;
M R device node 75 compatible J& V£ FIACHS .

auxdata = of dev_lookup(lookup, bus); 7EA% A lookup table -3k F11% device node VEHL B T4k
if (auxdata) {

bus_id = auxdata->name;----------------- WS F, Al N B R R ER S 2 U
platform_data = auxdata->platform_data;
}
i.MX8X P4 A% IR EHARAS 5 5 il
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ARM A a3 T CPU core, FRILZAN, Eikit 7 AMBA [ ZKRIER: SOC W 1754 block.
FFE XA SRR SOC _ERAM 5 {5 ARM Primecell Peripherals. 415 —4> device node
compatible J&PE{H /& arm,primecell 115, 7] LLi A of amba _device create 3K 1] amba &t 28 34—
/> amba device.

if (of device is_compatible(bus, "arm,primecell")) {
of amba_device create(bus, bus_id, platform_data, parent);

return 0;

}
WIER A& ARM Primecell Peripherals, 4 $A1 138 75 22 17) platform bus E34 /11— platform device
E

dev = of platform device create pdata(bus, bus_id, platform_data, parent);
if (!dev || lof match_node(matches, bus))
return 0;

—> device node ] it — M1 %, FIEHE SR of platform bus_create XKL A 1) device
node Ab B 5,

for_each_child of node(bus, child) {
pr_debug(" create child: %s\n", child->full name);
rc = of platform bus_create(child, matches, lookup, &dev->dev, strict);
if (rc) {
of node put(child);
break;

}

return rc;

AR platform device RIS TE of platform device create pdata /1, fLALUIT:

static struct platform_device *of platform device create pdata(
struct device _node *np,
const char *bus _id,
void *platform_data,
struct device *parent)

{
struct platform_device *dev;
if (lof device is_available(np))--------- check status JE, #ifRsE enable B OK .
return NULL;
i.MX8X P IKZN A5 5 & il
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of device alloc & 1 43 IC struct platform_device FINAE, &AL T 1% platform device 75 (1)
resource FIINF7 (5% struct platform_device H ] resource /& 71) o 2448, Xk T EMENTZ device
node ] interrupt 7% J5 LA 2 memory address T4

dev = of device alloc(np, bus_id, parent);
if (!dev)
return NULL;

BEE platform device A HA A% 7
dev->dev.coherent_ dma mask = DMA_ BIT MASK(32);
if (!dev->dev.dma mask)

dev->dev.dma mask = &dev->dev.coherent dma mask;
dev->dev.bus = &platform bus_type;

dev->dev.platform_data = platform_data;

if (of device add(dev) !=0) {---------mmmmmmm-- 11X platform device MA G — B &R R G
platform_device put(dev);
return NULL;

}

return dev;

2.4.4 A& TF device tree RIT R IKZY

2.4.41 of_match_table
B IR AN R B dts R E BB, I E FARRL A probe pRECH A, BT LT & KB
B L — T .of_match_table, 1 drivers\pinctrol\pinctrol-imx6q.c
static struct of device id imx6q_pinctrl_of match[] = {

{ .compatible = "fsl,imx6g-iomuxc", },

{ /* sentinel */ }

5
static int imx6q_pinctrl_probe(struct platform_device *pdev)
{

return imx_pinctrl_probe(pdev, &imx6q_pinctrl _info);
}

static struct platform driver imx6q_pinctrl driver = {
.driver = {
.name = "imx6q-pinctrl",

.owner = THIS MODULE,

i.MX8X W IBNAE 5 2 il
NXP Semiconductor 67



.of match table =imx6q pinctrl of match,
15
.probe = imx6q_pinctrl probe,
.remove = imx_pinctrl remove,
15
AR dts 5E SUN:
iomuxc: iomuxc@020e0000 {
compatible = "fsl,imx6dl-iomuxc", "fsl,imx6g-iomuxc";
reg = <0x020e0000 0x4000>;
15

2.4.4.2 memory and IRQ resources

Memory and IRQ resources work in the same way with non-DT probe. ,JORESOURCE _DMA does
not work with DT.

see sound/soc/fsl/imx-ssi.c vs. sound/soc/fsl/fs] ssi.c

2.4.4.3 platform_data is retrieved from DT

» For non-DT, platform_data is used pass hardware configuration between board file and device
driver.

struct esdhc_platform data {
unsigned int wp_gpio;
unsigned int cd_gpio;
enum wp_types wp_type;

enum cd_types cd_type;

e For DT probe, all these data should be retrieved from DT
* Bindings

* Documentation/devicetree/bindings/mmc/fsl-imx-esdhc.txt
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* Documentation/devicetree/bindings/gpio/gpio.txt

= Helper functions

» of get property(), of get named gpio(), of property read u32() etc.

* include/linux/of.h

2.4.4.4 platform_data is retrieved from DT /=% i2c
e Imx6qdl.dtsi
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e i2c_imx_probe: apply resources, irq, add i2¢ adapt
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e of i2c register devices() parse i2¢ child nodes, get addr, irq etc.
for each available child of node{} loop
->request_module: load device driver
->1i2c_new_device: generate device.
-> driver probe
From now on, it’s same as non-DT
* Child node wm8962 of i2c1
imx6qdI-sabresd.dtsi
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e i2c adapt log
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2.4.4.5 DTS =% gpio

gpio-cells: how many cells to specify a gpio

gpio-controller: specify its identity.

gpio-phandle : phandle to gpio controller node

single-gpio ::= <gpio-phandle> <gpio-specifier>

gpio-list ::= <single-gpio> [gpio-list]

gpio-specifier : Array of #gpio-cells specifying specific gpio, it’s “25 0 in this example.

NXP

Node using GPIOs: gpio-keys/volume-up uses the gpio pin “4 0” of controller &gpiol
(imx6qdl-sabresd.dtsi)
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LUMEUP =/

ey

B :
§ :
§ :
G =
B =
G r
s :

* Pin allocation is managed by pinctrl system
* QGpio is maintained by gpio drivers
» different pin ranges managed by different gpio drivers.

» let gpio drivers announce their pin ranges to the pinctrl subsystem and call
'pinctrl _request gpio' in order to request the corresponding pin before any
gpio usage.

* gpio controller can use a pinctrl phandle and pins to announce the pinrange
to the pin ctrl subsystem
ge_pio_e: gpio-controller@1460 {
#gpio-cells = <2>;
compatible = "fsl,qe-pario-bank-e", "fsl,qe-pario-bank";
reg = <0x1460 0x18>;
gpio-controller;

gpio-ranges = <&pinctrll 0 20 10>, <&pinctrl2 10 50 20>;
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*<&pinctrll 0 20 10>: from base pin 20 to pin 29 under pinctrll with gpio offset 0 is handled by
this gpio controller

3 B i.MX8XBSP {4+ B F4M

RENH linux-4.14.98 BSP JF R G H S &5/~
linux-imx
|->arch
| |->arm64
| | [->boot
1] >t
| ||| |[->freescale
| | |[->configs
| | | |->defconfig
| | |->kernel
| | | |->head.s
| | | |->setup.c
|| [->mm
| | | |[->proc.S
|->block
|->crypto
|->documention
| [->devicetree

| | |->bindings //dts bindings doc

|->arm
| |->imx
| | |->busfreq-imx6.txt
]| | |->gic.txt//gic W i 25
N
|

|->gpio
| |->gpio-mxs.txt
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|| || |->pinctr]

|| | | | |>fslimx6q-pinctrl.txt
|->drivers

| |->of //dts AHIRIX AN

| |->pinctr] //pinctrl #H<IXBH1RAS
| |->block

| |->char

| [->mtd

| |->serial

| | |->mxc uart.c
|->fs:

| [->ext3

| [->jffs2

| |->ubifs:

| [->yaffs2:
|->include

| |->asm-generic
| |-=>linux

| [->mtd

| >init

| |->main.c
[->ipc
|->kernel

| |-=>printk.c
|->lib
->mm
|->net
|->scriptes
|->security
|->sound

|->usr
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|->virt

4 BFH i.MX8XBSP [¥)4iP&(no updates)

Makefile == 5+ %l
o BYRIEIR— L
o LAY iIRIX LA
o NfTEERE N B bR U SBEE N Y

Top folder makefile FITT makefile SCAFHIAZ0, AR P NAZ RIS, JER

.config BC& SCF, 1E make menuconfig IfAEF%, P 1 makefile SCAH,
(BFETEH R MSHF HED AR .config Sk vk g ff F AR 4k

P

Arch/$(ARCH)/Makefile | f B4 22 451 1) makefile, & F >k # 8 HS Le R R S5 MIAH S 1 XS

S5 WA FFRRAE— SR Ry E 1% U N AZ B R

Scripts/Makefile. * Makefile 2L H @ H RN, RIACSE
Kbuild Makefiles B2 H N H makefile AHX] 7] 8., #% = makefile 1 K 2w 3%
T H NSO

Document /Documentation/kbuild/makefiles.txt % N #% makefile FI/EF, FHE

4.1 T E PRI L S

e Top make file HE W% H 5% T ARLE+ B Skt 4 it 9 1%

e Arch/$(ARCH)/Makefile & 5E arch/$(ARCH) H 3 FARLL S,  H s il g B3t 9 A%

o HT HF NI makefile ¥ b H 35 AR L SCAK Bl R PO A%, TR 0k ol o 1R IS B
HENTB L H s 4k 8218 F e 11/ makefile.

1. T2 makefile “\Makefile”
172 makefile ¥ 13 N1 HED N 55

a) init-y =init/
b) drivers-y :=drivers/ sound/ firmware/
c) net-y :=net/
d) libs-y =1lib/
e) core-y >=usr/
core-y += kernel/ mm/ fs/ ipc/ security/ crypto/ block/

include $(srctree)/arch/$(SRCARCH)/Makefile[arch H 4 HFHE & 5 LA L 5 2K]
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ARCH/CROSS COMPILE A& &% &
ARCH ?= $(SUBARCH)

CROSS COMPILE 2=
2. arch/arm/Makefile

head-y := arch/arm/kernel/head$(MMUEXT).o arch/arm/kernel/init_task.o[FRE( [ 5 25,
A —K head-y, HE UL B, XA MMU ) CPU, f#iH SO head.s)

core-y += arch/arm/kernel/ arch/arm/mm/ arch/arm/common/[i#f — P4 J& T core-y I
#]

machine-$(CONFIG_ARCH MX6)  :=mx6[CONFIG ARCH MX6 7Eft & W% e X, 7

LU y 2RI NAZ, m BN, &, AgRIE]
machdirs := $(patsubst %,arch/arm/mach-%/,$(machine-y))
platdirs := $(patsubst %,arch/arm/plat-%/,$(plat-y))
core-y += $(machdirs) $(platdirs)
libs-y = arch/arm/lib/ $(libs-y) /[IE—PF B T lib-y 1 N %]

Y BE N AZ I, B AR VRGEN init-y,core-y, libs-y,drivers-y,net-y, BT 51 i ) H 5 04T A AT 1 makefile,
BT H R A K — built-in.o(libs-y FT#1 H &2 E 1 lib.a), B¢ 5, head-y B 1) S04
FIIX 2L built-in.o,lib.a — #2384 vmlinux.’

3. %F H makefile

Make menuconfig->.config, TOP makefile include it

include/config/auto.conflauto.conf F2#.config FHIHEFEZLFL, FIRHE top makefile F & X
Ve Tt = T |
auto.conf H1iE X AL EAH R AP, y,m. %+ H 51 makefile {3 X £EAF 5k g HSEE ST
PR R NAZ F, APy iR i, JE I DU I ME R E
a) Obj-y,ZmBEHt WH%: obj-y H1 & SUH.0 SCHFH 41T H & R .c,.s SCHFSRIFAR, EAT
EF T —ZF BEH ) built-in.o XXAF—EH A (S H”$(LD) -r i 4) 2444 built-in.o
A S X — 2 makefile ff .
b) Obj-m, % 3 8 AT Nz B
c) Lib-y, Jm B S, 4 lib.a aiki A%, 1E top makefile H 1) libs-y A2 & 471 H [
YT HF, FFH ARZAS — AE Lib/, arch/$(ARCH)/1ib/ T .
d) Obj-y,obj-m it A] LA K48 € Eik AN —Z 1 H %o

4.2 YA g PRIX L

B EIE T, SERRE TR A, XTI =K,
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o N, EHTEANWNZAREH. & XA top makefile, arch/$(ARCH)/makefile H15€ 3,
fi14%5: CFLAGS,AFLAGS,LDFLAGS,ARFLGAS

o JRERHY, &M T A makefile FTH X4, EXTRA_CFLAGS, EXTRA AFLAGS,
EXTRA LDFLAGS, EXTRA ARFLGAS
o MAK, HREMFEAN M. 4% CFLAG XX, AFLAGS XX

4.3 WfTEEEROY B AR S R BRI

1. Top makefile, arch/$(ARCH)/makefile i& X | 6 JEH 3, head-y, init-y, drivers-y, net-y, libs-y,
core-y.}% T head-y, X+ H 3% 15 i BN _E built-in.o 8% lib.a, FnEIEEZH N

* init-y := $(patsubst %/, %/built-in.o, $(init-y))
® core-y := $(patsubst %/, %/built-in.o, $(core-y))
o drivers-y := $(patsubst %/, %/built-in.o, $(drivers-y))
* net-y := $(patsubst %/, %/built-in.o, $(net-y))
libs-y1 := $(patsubst %/, %/lib.a, $(libs-y))
libs-y2 := $(patsubst %/, %/built-in.o, $(libs-y))
o libs-y := $(libs-y1) $(libs-y2)
[patsubst F init-y 1% init/built-in.o]

2.

vmlinux-init := $(head-y) $(init-y)

vimlinux-main := $(core-y) 3(libs-y) $(drivers-y) $(net-y)
vmlinux-all := $(vmlinux-init) $(vmlinux-main)

vmlinux-lds := arch/$(SRCARCH)/kernel/vmlinux.lds
o vmlinux-all, K/~ FT A A vmlinux [ BRSO, 4200578
head-y,init-y,core-y,libs-y,drivers-y,net-y H[J:
arch/arm/kernel/head.o,arch/arm/kernel/init_task.o,init/built-in.o,user/built-in.o 555
o vmlinux-lds 48 & AN arch/$(ARCH)/kernel/vmlinux.lds, & & H
arch/arm/kernel/vmlinux.lds.s SCAFAE AP, #RLE script/makefile.build H o

SECTIONS
{
.= 0xC0000000 + 0x00008000; /A XA EL (rIChn i, & —AN el hht
.text.head : {
_stext=.;
_sinittext = .;
*(.text.head)
}
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Ainit : { /* Init code and data */ N ZATIE A I ARES 5 s

text : { /* Real text segment */ IR AR B
_text = .; /* Text and read-only data */AXHE BEAN K 352 ds i) - 4 Huhk

.= ALIGN((4096)); .rodata : AT(ADDR(.rodata) - 0) { ... } . = ALIGN((4096));\\ R 5z £ 45
_etext = .; /* End of text and rodata section *//XA% Bt A1 135 B4 1) 25 s kb

.= ALIGN(8192);

__data loc=;

.data : AT(__data_loc) {//5¥zEt

__data_start = ; /* address in memory *//%{ 4 B FF di kit

_edata = .; /EUHE BLAS Aok

H
_edata_loc=__data loc + SIZEOF(.data);
bss 1 {//bss B, WAVIRLEHIME=0 H14)R, HERE
_end =
h
/* Stabs debugging sections. */ifi{ (5 BB
.stab 0 : { *(.stab) }
}
gk
Fic & SCF.config H1 5 LT — RV R, makefile ¥ 45 & BATIR R HIS L SOt 2 2 Y
%, BEegm i, W RO T H 5.
e TiiJZ makefile Fl arch/$(ARCH)/Makefile # € R H 3 F AL+ H 3%, arch/$(ARCH) R AL L
AN H SR R 2 B A % o
o BT H T Makefile tR7EFT/E H 3¢ N IRLESCR EHE A AZ, B Legm i, HEAR
ey H SR AR SE IR e AT makefile.
e Top makefile F1 arch/$(ARCH)/Makefile & T 7] LLRZIN BT A SCARgm 36, IERE DI
o BT H T makefile 1A LA E B A SRR, IERELTI.
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° Top makefile {Fﬁ' ﬁﬁ gj\'Tg' B‘]Jl[ﬂj}?éﬂé}j\x’ﬁ: , *Eﬁﬁ?ﬁﬂfﬂj—‘ arch/$(ARCH)/kernel/leinux.lds EE
Jl N A% B 5 S vmlinux

4.4 kernel Kconfig

Make menuconfig 32X arch/$(ARCH)/Kconfig KA A AC & F 1 , 1X NS 2 A Keonfig I I,
A5 7 HE HX T Keonfig U« Keonfig FH THCE N, B &MECE A HE A, &E4E
FYHC B S AF . config, 175 2 %5 \documentation\kbuild\kconfig-language. txt.

5 R BSP RNV 4id#E(no updates)
FrfE linux WAZHI R LI FE QN T
W5l S —FrB: ILwmiEs |

Arch/arm/kernel/head.s
arch/arm/kernel/head-common.s
arch/arm/mm/proc-v7.s

~lookup processor type T € WAZ e 15 SCRRZ2E 0

A 4

~ lookup machine type 8 WAZ 2 B SCRRZ T R
Y
_create_page tables AL — KUK
A4
__mmap_switched S e B, THRR BSS B, WA

#f54t, fRfF CPUID 2|
processor_id L&, CRAEHLESR
Y ID 3] machine arch_type 2%
&, Vi start kernel
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Arch/arm/kernel/head.s
arch/arm/kernel/head-common.s
arch/arm/mm/proc-v7.s

__lookup processor_type

__lookup machine type

___create_page_tables

__mmap_switched

WAZE B B CiEs

82

A 4

B 58 A A 75 SRR SRR

A 4

B € A AE 75 SCRFZOT AR

A

LR R

\ 4

S HIHE R, TEFR BSS B, WE
HeAg%t, fRAF CPUID
processor_id L&, PRAFHLASIS
Y ID 3] machine arch_type 4%
&, WM start kernel
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Init/main.c ] start kernel

Printk(linux_banner)

Setup arch

Console_init

Init/main.c ] start kernel

Printk(linux_banner)

Setup arch

A 4

FTEN linux RRASE S 25 O buffer

A 4

BCE 5 R RE AR A

A 4

HIaa Rl G

JE B init| i FE

A 4

FTEN linux RAAE B 25 O buffer

A 4

BCE SR R AR A

A 4

Console init vtz S &
ot B i
Reset_init JA Bl init I A2

5.1 WIdEA R gmARAg

Head.s(\arch\arm\kernel)
/*
* Kernel startup entry point.

%k

%k

* This is normally called from the decompressor code. The requirements

* are: MMU = off, D-cache = off, I-cache = dont care, 10 = 0,

NXP Semiconductor

i.MX8X P % Bz AAG 5 52 fil

83




* r1 = machine nr, r2 = atags or dtb pointer.

*

HET kernel HFIHI tag list BJ7a, FIRMWIHEF device tree BIJ7 . r2 AIREZ

device tree binary file

HIe%F (bootloader TALIBLS W% Z FIEE copy & memory H1) , WAILAREE tag list MIFREF. 75 ARM [ 4 7 11
JEEACHS T (FFERE head. S fll head—common. S) , machine type ID F13E[n DTB 8L atags MITRE W R AEEAS &=

machine arch type fl  atags pointer 1, IXAMUIENT JG4: ¢ (CHL 3R T AL FE .,
* This code is mostly position independent, so if you link the kernel at
* 0xc0008000, you call this at _ pa(0xc0008000).
*
* See linux/arch/arm/tools/mach-types for the complete list of machine

* numbers for rl.

*

* We're trying to keep crap to a minimum; DO NOT add any machine specific
* crap here - that's what the boot loader (or in extreme, well justified

* circumstances, zImage) is for.

*/

@ ensure svc mode and all interrupts masked

safe_svemode maskall 19

HEN sve B, KT

mrc  pl5, 0,19, c0, cO @ get processor id
M AL BEZS CP15 18 f7 4% CO HH3k1§ CPUID,
[31:24] ] F4mS: 0x41=A: ARM )
[23:20] PR T
[19:16] ARM & R A S
[15:4] LLEX kel
[3:0] A PRI IRA S
bl __lookup processor_type @ r5=procinfo r9=cupid

B 78 A% SR 15 SCREAHT cpu, WIHR SRR, 15 IR Bl —AN F TR A B 38 i 4 Fa i st i

proc_info list Z5MMEJEIE 2 XALE include/asm—arm/procinfo. h,
struct proc_info_list {
unsigned int cpu_val;

unsigned int cpu_mask;
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unsigned long __cpu mm_mmu_flags; /* used by head.S */

unsigned long __cpu_io mmu_flags; /* used by head.S */
unsigned long __cpu_flush; /* used by head.S */
const char *arch_name;

const char *elf name;

unsigned int elf hwcap;

const char *cpu_name;

struct processor *proc;

struct cpu_tlb_fns*tlb;

struct cpu_user_fns *user;

struct cpu_cache fns *cache;
15
RNESCRH epu, arm XS R E AE arch/arm/mn/proc—v7. S
section ".proc.info.init", #alloc, #execinstr
ANJAF) proc_info_list G5HSZHFANFEIR cpu, ARATTE AE. proc. info. init BeH, LR IX L 4E

KR 23—, fF\arch\arm\kernel\vmlinux. 1ds H7,
__proc_info_begin = .; //proc_info_list Z5 ¥ FF4n it
*(.proc.info.init)

__proc_info_end = .; //proc_info_list &4 45 A bk

PAEARE UL section RIEHRHEL S T proc_info_list o, HEIELILIT
/%
* Match any ARMv7 processor core.
&
type _ v7 proc_info, #object
__v7_proc_info:
Jong  0x000f0000 @ Required ID value
Jong  0x000f0000 @ Mask for ID
PR lookup processor type fE\arch\arm\kernel\head-common. S H, fR 4% Fif 1HI 32 - /) cpuid,
FAAEF A r9 ™, JRJE M _proc_info begin [AJEHE, FREIVLACH).
/*
* Read processor ID register (CP#15, CRO0), and look up in the linker-built
* supported processor list. Note that we can't use the absolute addresses
* for the  proc_info lists since we aren't running with the MMU on
* (and therefore, we are not in the correct address space). We have to

* calculate the offset.

i.MX8X W IBNAE 5 2 il
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86

k

* 19 =cpuid

* Returns:

* 13, r4, 16 corrupted

* 15 =proc_info pointer in physical address space

* 19 = cpuid (preserved)

<
movs  rl0, r5 @ invalid processor?
moveq 10, #p' @ yes, error 'p'
THUMB(it eq) @ force fixup-able long branch encoding
beq __error_p
bl _ vet atags
bl _ create page tables

/18— 2% DR DL g ST SOl ik 2 A B b LS OC &R, B B T lookup processortype BRI

[5]f#) proc_info_list 45414
/i
* The following calls CPU specific code in a position independent
* manner. See arch/arm/mm/proc-*.S for details. r10 = base of
* xxx_proc_info structure selected by lookup processor_type
* above. On return, the CPU will be ready for the MMU to be

* turned on, and r0 will hold the CPU control register value.

S
ldr r13,= mmap switched @ address to jump to after
@ mmu has been enabled
adr Ir, BSYM(1f) @ return (PIC) address
mov 18,14 @ set TTBRI to swapper_pg_dir
b __enable_ mmu

* Enable the MMU. This completely changes the structure of the visible
* memory space. You will not be able to trace execution through this.

* If you have an enquiry about this, *please* check the linux-arm-kernel
* mailing list archives BEFORE sending another post to the list.

*

* 10 = cp#15 control register

* rl =machine ID

* r2 = atags or dtb pointer

i.MX8X P % Bz AAS 5 52 fil
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* 19 = processor ID

* 113 = *virtual* address to jump to upon completion

*

* other registers depend on the function called upon completion
<
#include "head-common.S"

Head-common.S(\arch\arm\kernel)

b  start kernel
/1B 2] C RAIEAT

5.2 ¥IiHHY C RS
start_kernel (\init\Main.c) Mitk, %5 st N56 —Fr B

* Need to run as early as possible, to initialize the
* lockdep hash:
*/

> lockdep_init();

-> smp_setup_processor_id();
> debug_objects_early init();
/*
* Set up the the initial canary ASAP:
g
-> boot_init_stack canary();
> cgroup_init_early();

> local_irq_disable();
early boot _irgs disabled = true;

/*

* Interrupts are still disabled. Do necessary setups, then

* enable them

&

|-=> boot_cpu_init();

|-> page address_init();

|-> pr_notice("%s", linux_banner); - & ¥ | buffer, { G1E console init BREFEM, VLG40 )5 A Ge B IE %
H
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|-> setup _arch(&command_line)[ \init\Main.c]:initial the cpu device, and parser the command line and
store it into command_line

EHIIN LT, 15518 H setup_machine_fdt 3k setup machine iR 4, iz ] NULL, Ad B A& S8 )y i
setup_machine_tags >k setup machine iR 1

void _ init setup_arch(char **cmdline p)

{

const struct machine desc *mdesc;

mdesc = setup_machine fdt(__atags pointer);
if ('mdesc)

mdesc = setup_machine tags(__atags pointer, machine arch_ type);
machine desc = mdesc;

machine name = mdesc->name;

| |->setup_machine fdt[arch\arm\kernel\devtree.c] setup_machine_fdt & %4 (1) 2 fit sk 2 i % Device Tree (1]
58, HBFE A machine 1A RF. ARG :
/**

* setup_machine fdt - Machine setup when an dtb was passed to the kernel

* @dt_phys: physical address of dt blob

*
* If a dtb was passed to the kernel in r2, then use it to choose the
* correct machine_desc and to setup the system.
<)
const struct machine_desc * __init setup_machine_fdt(unsigned int dt_phys)
{
const struct machine_desc *mdesc, *mdesc_best = NULL;
if (Idt_phys || learly_init_dt_scan(phys_to_virt(dt_phys)))
return NULL;
mdesc = of flat_dt_match_machine(mdesc_best, arch_get_next_mach);
if (Imdesc) {
HH R AL P
}

[* Change machine number to match the mdesc we're using */
__machine_arch_type = mdesc->nr;
return mdesc;

}
early_init_dt_scan B¥A PN ThRE, — N2 NG 4 DTB scan #HTHES T4E, BA— R isiTi S 8L
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BT Z ¥ AE 4 # DTB 1) chosen node I i SE R, HARKI ) w2 3K HL chosen node [ bootargs. initrd %5 )&
YL value, FE¥HARTEE4 /A E (boot_command_line, initrd_start. initrd_end) 1. f# /] tag list J5 &35
K, @i tag list, SRR EE, REERENERTES . BAARRIBA T early_init_dt_scan B%H:
bool _init early init dt scan(void *params)
{
if (!params)
return false;
/* 4= J?7% & initial_boot_params #5[7] T DTB [ header*/
initial_boot params = params;
/* K& DTB f magic, #iih@&—/1~H 2 DTB */
if (be32_to_cpu(initial boot params->magic) != OF DT HEADER) {
initial boot params = NULL;
return false;
}
/* $94# /chosen node, fRAFIZITHSZ4L (bootargs) #| boot command line, M4b, B4R initrd #H2CH property, FF
{RAFAE initrd_start A1 initrd end X Hj ™42 JRy AR A */
of scan_flat_dt(early init dt scan_chosen, boot command line);
/% AR S, FRHL {size,address}-cells {5 5., FHIRTFELE dt_root_size_cells F1 dt_root_addr_cells 4528 & H */
of scan flat dt(early init dt scan root, NULL);
/* 1% DTB H ] memory node, FFHEAHAE BARFFLE meminfo ', 43)578 & meminfo fR17 T RGN RHIER .
&
of scan flat_dt(early init_dt scan_memory, NULL);
return true;
}
BE meminfo (%4 RSB [ YWHFLNAF B )R A4 TR &1
1. iEid tag list (tag /& ATAG_MEM) 1£i# memory bank {5 5 .
2, i#id command line (FJ LA tag list, AT ELd@EE DTB) f4i# memory bank 115 ..
3. @it DTB i) memory node f4i# memory bank )15 .
H A 2458 2 HE# 8 1] Device Tree (177 AL B EL A A7 A0 J5 {5 B o

of_flat_dt_match_machine J&7E machine A {151 & H scan, % 35 &3& A machine ik 77 . BATTH B W
fAIZH % machine flfiR /51132 . AL SR T7E8L, WRFAE LK. DT_MACHINE_START #l MACHINE_END
Fk € X —A~ machine #iiAFF. gmiFIm (%, compiler 231X L% machine descriptor /il £ —AMEFIR 1 B H
C.arch.info.init) , JEE machine #iiA 77152 . machine &7 T I 0 E0HE 45 MK bR (IR T A 51

member) :
struct machine_desc {

unsigned int nr; /* architecture number */

const char *const  *dt _compat; /* array of device tree 'compatible' strings  */
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nr B 5 it 2248 FH £ machine type ID. 4% machine #iR 7 () table A %5 F entry, &4 EH O ID.
bootloader 1£i# T machine type ID, f&W{# FfIME—/ machine fiiif#F. HATVLAC machine iR 77# ] compatible
strings, tHi/E dt_compat i, IX/&— string list, & X 71X~ machine fT S FF%13E . 7E43H machine #fiid #F
F R IR I8 75 B W SRELU R — AN machine #ii& £ (1) compatible F4F S (115 5, BRI LT
static const void * __init arch_get next _mach(const char *const **match)
{

static const struct machine desc *mdesc = _arch info begin;

const struct machine desc *m = mdesc;

if (m>=__ arch_info_end)

return NULL;

mdesct+;

*match = m->dt_compat;

return m;
}
__arch_info_begin $51i machine #iR 7751 % % — entry. @it mdesc++ AW ffI#£ 5 machine #iik 77354 (Note:
mdesc /& static [f]) . match ik [H] T % machine {18 7 [1) compatible string list. HARVLEL 1R FEHRRE H, B
7 fFH I E, — M2 root node (1) compatible =47 Hi %113, —~J& machine #iiR £ ¥] compatible 7 4F H: 515,
1353 AR ClRUCECHD ) 2 FA 15 44 3% %€ 1) machine type

TER G FEd, FRATFE 2K DTB #4ep 1 £U/E device_node MIBDIRZE R, DUME G S EH4E . Bk MRS
{i7-F setup_arch->unflatten_device_tree .
void __ init unflatten device tree(void)
{

__unflatten_device_tree(initial boot params, &of allnodes,

early init_dt alloc_memory_arch);

/* Get pointer to "/chosen" and "/aliases" nodes for use everywhere */

of alias scan(early init dt alloc memory arch);
¥
FAITH struct device_node KR B A& 1 — AT 5, AR

struct device node {

const char *name¢;——————————— ——— —— —— — — — — device node name

oo dige Hypey————— e =a==== X RE device_type [ J& P

phandle phandle;———————————————————— — —— XF M 1% 15 KU phandle J& 1

const char *full name; ———————————————— MEPFFUGIT, KR 1Z node [ full path

struct property *properties;—— ——————————— % R EMESIR

struct  property *deadprops; —————————— WR TR M R L JEm M, kernel HAEEMIMIBR, T&HEHENE
deadprops HI515R

struct device node *parent;——— ——— parent. child PLX sibling ¥ Jii ] device node 4z iE K

struct device node *child,;
struct device node *sibling;

struct device node *next; —— —————— T Z A AT PASREUH RIZE AL R — A node

i.MX8X P % Bz AAS 5 52 fil

90 NXP Semiconductor



struct device_node *allnext;— — ————— I 1Z A8 AT LR node global list N —> node
struct proc_dir_entry *pde;—— —————— FFh% 2 userspace Y proc #1115 /8
struct krefkref————————————— 1% node [1] reference count

unsigned long _flags;
void *data;
I
unflatten_device_tree &%k (1) 3 Z D) Re st &334 DTB, ¥ device node % 2H 24 .-
1. global list. 4= /m7% & struct device_node *of allnodes it /245 [ & % 1 (] global list
2. tree.

XELThRE R EZTE_ unflatten_device_tree RS, ARSI (Jef— L TE 0 EE AT -

static void __ unflatten_device_tree(struct boot param_header *blob, — — — 75 B 4[] DTB
struct device_node **mynodes,————————— global list $541
void * (*dt_alloc)(u64 size, u64 align)) —————— A4 TE R £

{

unsigned long size;

void *start, *mem;

struct device node **allnextp = mynodes;

BEALMIBS T health check 4465, 445 & DTB header [ magic, ik blob it [i]—4> DTB.

/* scan I FE L FIFE, B FEERME device-tree structure (K, {RIFAE size B */

start = ((void *)blob) + be32 to_cpu(blob->off dt struct);

size = (unsigned long)unflatten_dt node(blob, 0, &start, NULL, NULL, 0);

size = ALIGN(size, 4);

/* RIEAGEI IR, IR FH 2] — > node B property H /> BCAHB I N A, SERR ENER —IRIERI M T — KA
WAE, IXEENFAERE T A [ struct device_node. node name. struct property il 75 I £F . */

mem = dt_alloc(size +4, alignof (struct device node));

memset(mem, 0, size);

*(__be32 *)(mem + size) = cpu_to_be32(0Oxdeadbeef); //F K455 5 M unflattening J& 75 ¥ tH

/¥ X B scan, 25— scan j& A T 13 ERAZEFTE node A property FIT 75 2 I AT size, 2 e SEFT SLH
Tif) 4 device node tree | */

start = ((void *)blob) + be32 to cpu(blob->off dt struct);

unflatten dt node(blob, mem, &start, NULL, &allnextp, 0);

DL ABRE 25 A8 56 v HH A4 56 OF_ DT _END.

| |->setup_processor: AbFRERAHICEE, BTG T B lookup_process_type PREL, K3R1F
ZALFEERIF) proc_info list 4544

| |->setup_machine tags (machine arch_type):15 2|7 & ) machine_desc 54, LAJEHRYE AR
FRJIX A G5 A6 R BEAT P R AR [ — 268 /E  #F \arch\arm\mach-mx6\board-mx6q_sabersd.c #1435 XK
HUEERSY
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/*
* initialize _mach desc MX6Q SABRESD data structure.
&
MACHINE _START(MX6Q_ SABRESD, "NXP i.MX 6Quad/DualLite/Solo Sabre-SD Board")
/* Maintainer: NXP Semiconductor, Inc. */
.boot_params = MX6 PHYS OFFSET + 0x100,
fixup = fixup_mxc board,
.map_io =mx6_map io,
.Anit_irq = mx6_init irq,
.init_machine = mx6_sabresd board _init,
timer = &mx6_sabresd_timer,
.reserve = mx6q_sabresd reserve,
MACHINE _END
H:H" MACHINE START Fll MACHINE END & 3 7F\arch\arm\include\asm\mach\arch.h
/i
* Set of macros to define architecture features. This is built into

* a table by the linker.

&

#define MACHINE _START(_type, name) \
static const struct machine_desc _mach_desc ## type \
__used \

__attribute_ ((__section__ (".arch.info.init"))) = { \

.nr =MACH_TYPE ## type, \
.name = name,
#define MACHINE END \

1
machine desc %514, M\arch\arm\kernel\vmlinux.lds, % £ 1E
__arch_info_begin = ;
*(.arch.info.init)
__arch_info end = ;

machine_arch type=MACH TYPE MX6Q SABRESD, & X 7t [\include\asm\Mach-typ.h], M &5 {4
__mach_desc_ MX6Q SABRESD H 3k 1S HLasAH K& ML &,

if (mdesc->soft_reboot)

reboot_setup("'s");
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IR ER, HEBABALOY .

|->mm_init_owner(&init mm, &init_task);
|->mm_init_cpumask(&init_mm);
|->setup_command line
|->setup_nr_cpu_ids();
|->setup_per_cpu_areas();
|->smp_prepare_boot_cpu(); /* arch-specific boot-cpu hooks */
|->build all zonelists(NULL, NULL);
|->page_alloc_init();
|->pr_notice("Kernel command line: %s\n", boot command line);
|->parse_early param();
|->parse_args("Booting kernel", static command_line, _ start _ param,
__stop___param - __start _ param, &unknown_bootoption);
L Wit T4 4 console=ttymxc”, & [t Ab BE it F2 5f /& parse_args,unknown_bootoption, % Ji5 1 F A4H5 b
PR EL:  setup("'console=", console_setup);ii =17 console=..”% 1< console_setup AbEH 5 75 4 J5 A8
& console_cmdline FIRFFIXEEAE R, TEJS1H console_init AW IEMIEHI G5, RIEIXLA(F Bk
EEECtilNe,
|->jump_label init();
/3
* These use large bootmem allocations and must precede
* kmem_cache_init()
S
|->setup_log_buf(0);
|->pidhash_init();
|->vfs_caches_init_early();
|->sort_main_extable();
|->trap_init();
|->mm_ init();
/*
* Set up the scheduler prior starting any interrupts (such as the
* timer interrupt). Full topology setup happens at smp_init()
* time - but meanwhile we still have a functioning scheduler.
&
|->sched_init();
Jx
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* Disable preemption - early bootup scheduling is extremely
* fragile until we cpu_idle() for the first time.
*/
|->preempt_disable();
if (WARN(lirgs_disabled(), "Interrupts were enabled *very* early, fixing it\n"))
|->local irq disable();
|->idr_init_cache();
|->rcu_init();
|->tick_nohz_init();
|->context_tracking_init();
|->radix_tree_init();
/* init some links before init ISA_irgs() */
|->early irq_init();
|->init_IRQ.
| |->machine desc->init_irq()=mx6_init_irq YIGEAL o KT
|->tick_init();
|->init_timers();
|->hrtimers_init();
|-=>softirq_init();
|->timekeeping_init();
|->time_init();
|->sched_clock postinit();
|->perf _event_init();
|->profile_init();
|->call_function_init();
WARN(lirgs_disabled(), "Interrupts were enabled early\n");
early boot_irqs_disabled = false;
|->local irq enable();

|->kmem cache init late();

|->console_init: Initialize the console device. This is called *early*, so we can't necessarily depend on lots of
kernel help here. Just do some early initializations, and do the complex setup later.

ff i con initcall start ] con initcall end Z [8] € X JEEANBREL, IX 6 pR B i FH %7

console_initcall K78 € [\drivers\serial\mxc_uart.c]

| |>console_initcall(mxcuart console init);7¥ M mxc console,

* This structure contains the information such as the name of the UART driver
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* that appears in the /dev folder, major and minor numbers etc. This structure

* is passed to the serial core.c file.

*/

static struct uart_driver mxc_reg = {
.owner = THIS MODULE,
.driver_name = "ttymxc",
.dev_name = "ttymxc",
.major = SERIAL_MXC_MAIJOR,
.minor = SERIAL_ MXC_MINOR,
ar = MXC_UART_NR,
.cons = MXC_CONSOLE,

/*!
* This structure contains the pointers to the UART console functions. It is
* passed as an argument when registering the console.
*/
static struct console mxc_console = {
.name = "ttymxc",
.write = mxcuart_console write,
.device = uart_console device,

.setup = mxcuart_console_setup,//5 DRIIGLEEEL, 5T T index=-1,4 M 0 0 4T H, R G iHT index &R
mxc_ports 5 AR E O IR, & XFE[/arch/arm/mach-mx51/serial.c #]

flags = CON_PRINTBUFFER,
.index = -1,
.data = &mxc_reg,
15

|->lockdep_info();
/*
* Need to run this when irqs are enabled, because it wants
* to self-test [hard/soft]-irgs on/off lock inversion bugs
* too:
gl

|->locking_selftest();

|->page_cgroup_init();
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|-> debug_objects_mem_init();
|-> kmemleak_init();

|-> setup_per cpu_pageset();
|-> numa_policy _init();

if (late_time_init)

|-> late_time_init();
|-> sched_clock_init();
|-> calibrate_delay(); /maybe delay the boot time, can by pass the uboot command to it.
|-> pidmap_init();
|-> anon_vma_init();
|-> acpi_early_init();
thread _info_cache_init();
|->  cred_init();
|->  fork_init(totalram_pages);
|-> proc_caches_init();
|->  buffer_init();
|->  key_init();
|->  security_init();
|->  dbg_late_init();
|->  vfs_caches_init(totalram_pages);
|->  signals_init();

/* rootfs populating might need page-writeback */
|-> page writeback_init()
|->cgroup_init();
|-> cpuset_init();
|-> taskstats_init_early();
|->  delayacct_init();
|->  check bugs();
|->  sfi_init_late();

if (efi_enabled(EFI_ RUNTIME SERVICES)) {

efi_late init();

efi_free boot_services();
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}
|-> ftrace_init();
|->rest_init[\init\Main.c]:

/ *

* We need to finalize in a non-__init function or else race conditions
* between the root thread and the init thread may cause start_kernel to
* be reaped by free_initmem before the root thread has proceeded to

* cpu_idle.

*

* gce-3.4 accidentally inlines this function, so use noinline.
g
| |-> create kernel thread: kernel init: it is the init thread, which will run /etc/init,/bin/init or /sbin/init
Kthreadd
Kernel schedule
Cpu_idle
rest_init()E& %L
Start_kernel()ERE 01 ST HIUG L NAZ ST R4, &S reset_init(), i &—ANIYAL init (N #% 2652,
BN . T init WAZZRFRET, BHAT T initOBREUFET - Init() BRI 5 57 56 AR ST R G 1
HAZ . WIaG A s X AR e AR Sl T 25 8] Y init B SR B T AR .
|->kernel thread(kernel init, NULL, CLONE_FS | CLONE SIGHAND);
static int __ref kernel_init(void *unused)
| |-> kernel init freeable();
| | |>do_basic_setup /HIUG11Z 4% RSHFE
| | | [ do_initcalls
for (level = 0; level < ARRAY SIZE(initcall levels) - 1; level++)
do_initcall level(level);
static void _init do_initcall _level(int level)
{
extern const struct kernel_param __start __param[], _stop____param|];

initcall_t *fn;

strepy(initcall_command_line, saved_command_line);
parse_args(initcall_level namesflevel],
initcall command_line, _start___param,

__Stop____param - _Start ___param,
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level, level,

&repair_env_string);

Jfor (fn = initcall_levels[level]; fn <initcall _levels[level+1]; fn++)
do_one_initcall(*fn);
/
| | |->try_to_run_init process ("/sbin/init");
| | |->try_to_run_init process ("/etc/init");
| | |->try_to_run_init processbin/init");

| | |->try_to_run_init process ("/bin/sh");

ST L — B T LR H, RS WG 218 do basic setup()EK £ ] do_initcalls() &
%, S early initcall_end, _ initcall end Bt Z [A]FIFE4T BREIAT I . 1717 2RSS ABLLIK B R 2B
AR RX BN I 2 AT RNE 5 G0 N A7 25 8] B 70 BC 2 H B s 1d S B R AN AR S Aok
E o HEEATR AR R APE R SO AR R BRI 2%, W 1Y text BOARKSE — 2. 7EBERE A
A ] DRSS N AE A B Bkt . FAT1RFE T \arch\arm\kernel\'vmlinux.1ds.S 3C#F. H T
YK, RUEHIAT initcall start, initcall end AHIEHIEE 7.

_initcall start=_;

*(.initcall1.init)

*(.initcall2.init)

*(.initcall3.init)

*(.initcall4.init)

*(.initcall5.init)

*(.initcall6.init)

*(.initcall7.init)

__initcall end = ;

MIHASCAHERRATAT LA Y, fE_ initcall start, _initcall end 2 [F] /8 & ¥ /2 J& 17 A(initcall* init)
1R EEHE - 7F linux/include/linux/init.h SCAFH AT BARITE , (initcall*.init) J& 14 /2 FH__ define_initcall(level,
fn) 7 BE o

#define _ define_initcall(level,fn) \
static initcall t initcall ##fn attribute used \
__attribute_ ((__section__(".initcall" level ".init"))) = fn
/*
* A "pure" initcall has no dependencies on anything else, and purely
* initializes variables that couldn't be statically initialized.

*

* This only exists for built-in code, not for modules.

<
#define pure_initcall(fn) __define_initcall("0",fn,0)
#define core_initcall(fn) __define_initcall("1",fn,1)
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#define core_initcall sync(fn) _define_initcall("1s",fn,1s)
#define postcore_initcall(fn) _define initcall("2",fn,2)
#define postcore_initcall sync(fn) __define_initcall("2s",fn,2s)
#define arch_initcall(fn) __define_initcall("3",fn,3)
#define arch_initcall sync(fn) ___define_initcall("3s",fn,3s)
#define subsys_initcall(fn) __define _initcall("4",fn,4)
#define subsys_initcall sync(fn) define initcall("4s",fn,4s)

#define fs_initcall(fn) __define_initcall("5",fn,5)
#define fs_initcall sync(fn) __define_initcall("5s",fn,5s)
#define rootfs_initcall(fn) __define_initcall("rootfs",fn,rootfs)
#define device_initcall(fn) __define_initcall("6",fn,6)
#define device initcall sync(fn) define initcall("6s",fn,6s)

#define late initcall(fn) __define initcall("7",fn,7)

#define late_initcall sync(fn) __define_initcall("7s",fn,7s)

A AT LA, BT 8 SX s ek R 6 7R I8 * initeall(fn) 2 AL B . PABEI N, /] DA F
A7 [ e 2 BXEN

core initcall(fn)

postcore_initcall(fn)

arch_initcall(fn)

arch_initcall(customize_machine);

static int _init customize_machine(void) linux/arch/arm/kernel/setup.c Eﬁtﬂ*l}% & ﬁ
machine desc->init machine=mx6_board init

static int _init mxc_init_uart(void) linux/arch/arm/mach-mx51/serial.c

subsys_initcall(fn)
fs_initcall(fn)
device_initcall(fn)

late_initcall(fn)
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5.3 init_machine

init_machine is call by customize machine[\arch\arm\kernel\Setup.c], which is kernel module initial

function: arch_initcall(customize machine).
DT MACHINE START(IMX6Q, "NXP i.MX6 Quad/DualLite (Device Tree)")

/%

* .MX6Q/DL maps system memory at 0x10000000 (offset 256MiB), and
* GPU has a limit on physical address that it accesses, which must

* be below 2GiB.

S

.dma_zone size = (SZ 2G -SZ 256M),

.smp =smp_ops(imx_smp_ops),

.map_io =imx6q_map _io,

.Anit_irq = imx6q_init_irq,

.Anit_machine = =imx6q_init machine,
.Anit_late ~ =imx6q init late,
.dt_compat =imx6q_dt compat,

restart = mxc_restart,

MACHINE END

Init_machine point to imx6q_init_machine [\arch\arm\mach-imx\mach-imx6q.c]

|->imx_print silicon rev(cpu_is_imx6dl() ? "i. MX6DL" : "i. MX6Q",
imx_get soc_revision());//print i.mx silicon
|->mxc_arch reset init dt();//initial the dtb
| |->of find compatible node(NULL, NULL, "fsl,imx6q-gpc");
//set the wdog from the dtb
| |->imx soc_device init
root = of find node by path("/");
ret = of property read_string(root, "model", &soc_dev_attr->machine);

of node put(root);

case MXC CPU_IMX6Q:
soc_id ="i.MX6Q";

| |->soc_device register
| |-> soc_device to_ device

|-> int of platform populate(struct device node *root,
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const struct of device_id *matches,
const struct of dev_auxdata *lookup,
struct device *parent)
/**
* of platform_populate() - Populate platform_devices from device tree data
* @root: parent of the first level to probe or NULL for the root of the tree
* @matches: match table, NULL to use the default
* @lookup: auxdata table for matching id and platform_data with device nodes
* @parent: parent to hook devices from, NULL for toplevel
k
* Similar to of platform bus probe(), this function walks the device tree
* and creates devices from nodes. It differs in that it follows the modern
* convention of requiring all device nodes to have a 'compatible' property,
* and it is suitable for creating devices which are children of the root
* node (of platform bus_probe will only create children of the root which
* are selected by the @matches argument).
*
* New board support should be using this function instead of
* of platform_bus_probe().
k
* Returns 0 on success, < 0 on failure.
g
//found the root
root = root ? of node get(root) : of find node by path("/");
if (!root)
return -EINVAL;
//from the root to find each child
for_each child of node(root, child) {
rc = of platform bus_create(child, matches, lookup, parent, true);
if (rc)
break;
}
| |-> static int of platform bus create(struct device node *bus,
const struct of device id *matches,
const struct of dev_auxdata *lookup,

struct device *parent, bool strict)
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/**

* of platform bus create() - Create a device for a node and its children.

* @bus: device node of the bus to instantiate

* (@matches: match table for bus nodes

* @lookup: auxdata table for matching id and platform_data with device nodes
* @parent: parent for new device, or NULL for top level.

* (@strict: require compatible property

*

* Creates a platform_device for the provided device node, and optionally

* recursively create devices for all the child nodes.

<

| | |-> static struct platform_device *of platform_device create pdata(
struct device _node *np,
const char *bus_id,
void *platform_data,
struct device *parent)

/**

* of platform device create pdata - Alloc, initialize and register an of device
* (@np: pointer to node to create device for

* @bus_id: name to assign device

* @platform_data: pointer to populate platform data pointer with

* @parent: Linux device model parent device.

*

* Returns pointer to created platform device, or NULL if a device was not

* registered. Unavailable devices will not get registered.

*/

T B LMXeX WIS B RGHWERRE, RITT#ER:

1. BEH i.MX6X(R4E i.MX6Q/D/DL/S/SL)#Fa] LM F [F— T WAZ&EB k2 # s, #H DTB
RAGIER A RE L

2. B i.MX6X TR FIIR M5 1853 machine_desc $E 45 My S 7E H 2 B W AE L, 4R
J& WAZIEIE uboot &353R AR A5 B R EE R A XY BL I T & AR 5 machine_desc BARGE, 5
FHIXAN 38 454 B B BRI GG WA LR T AR I BEUR,  REEAE R R TR S
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3. EAULEER, BB i.MX6X ¥ BSP #HE 2] H Otk LT EMEI TAE, ¥ AHBH make
menuconfig RIGIE IR, T2 AIEEIEL machine_desc LW, HPHEEEN TIELBHHE
dts XM, SRFERT AR BT 75 EL LR B BV TAE

4. i.MX6X [ io BHACE, &7 imx6qdl-sabresd.dts PHELE .

6 B2 BSP N E#

KT LMX8X BSP 1L, 2% BSP Hl M TP
imx-yocto-L4.14.98 2.0.0_ga\i. MX_ Reference Manual.pdf’,5¢F— /A g il F1 7 F b s A v
KENWH Sy, ESHIE.

L MX8X M5 e, 7 B ol Bl 45 = 2%
I Ml GPU/VPU/ASRC/DSP %5 A2 8T 5 15 P ahice, AR H B .
2. IMXSQXP [ OB, Ho AT usbiuartidisplay, — i LIS

3. FANTEEIRR P AME T REEEE: N H phy, audio codec(73 A A4 H#EIR), BE, HABHFER i2C
POl bR, i2e LB RE AN RTC 745, HZRIRANRR T 1.MX8QXP MEK #it J5k B it
MEAN, MTEEERF K.

6.1 DDR 15

HRYE RS (MX8X 4.14.98 ga BootLoader V5-20190903 chn.pdf) fifi&, DDR A& M %
E bootloader H147, 1M H. bootloader 224 memory I K/NSHL B W%, FTULNZARRE KB
24 memory K/, IR

\linux-imx\arch\arm64\boot\dts\freescale\fsl-imx8dx.dtsi
memory@380000000 ¢
device_type = "memory";
reg = <0x00000000 0x80000000 0 0x10000000>; /* reg = <0x00000000 0x80000000 0 0x40000000>;
johnli change to 256MB*/
/* DRAM space - 1, size : | GB DRAM */ ////memory T 45 itk /& 0x80000000, K/N A 1GB, 3 5L A%

23 Fubootf& i K HI3GBII K 7).

i

HRE XN HAE, % reserved memory F1 ecma K/N& 1] PL T, XA EEZENZ DTS
TECE, BATHEE—MARIRTELL, tetnid V2X N, % GPU/VPU/DSP/ R R ER, ARSI 5]
] reserved memory 7] PL5E 4= Fodxi

\linux-imx\arch\arm64\boot\dts\freescale\fsl-imx8dx.dtsi
reserved-memory {...
/*
* reserved-memory layout
* 0x8800_0000 ~ 0x8FFF_FFFF is reserved for M4
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* Shouldn't be used at A core and Linux side.
%

*///1H Bt reserved N 17 42 #E bootloader 5E XL I, &S
MX8X_ 4.14.98 ga BootLoader V5-20190903 chn.pdf k4 4n i < .

/*
decoder_boot:...
encoder boot:...
decoder_rpc:...
encoder_rpc:...
encoder_reserved:... //VPUM Freserved memory, % VPUZE R A LLVERE, V& — R AL AIVPULRE) i th—

ETE R o

rpmsg reserved:...
rpmsg_dma_reserved:...//rpmsgfffH, % HMASPCle(PCleth 2 T BB A7) T PLVER, VER— NI
FH A FIPCle 3K 3)) fpe it — e i

dsp_reserved:... // audio DSP ], WADSPH] LAVEHE, VERE— T AL FIDSPIRZ i 4 th— i3 4t

gl
W NCMARIBCE, 1R B LLERIICMARN H, LW IiGPU/VPU/ IR, 1 LR/,
BE WA LU, BN, AT 8 SO A3 KD
linux,cma {
o compatible = "shared-dma-pool";
reusable;

size = <0 0x5000000>;

alloc-ranges = <0 0x8fb00000 0 0x5000000>; /*johnli set the dma on high 256MB, size=80MB*///
ZREN PRGN T RA256MBA IS LR, IECMABTER SHLE, K/NHN8OMB

/*

size = <0 0x3c000000>;

alloc-ranges = <0 0x96000000 0 0x3c000000>;// 17 J& 4 ik /2 0x80000000, . MX8QXP MEK
#3GB LPPDR4, CMAE X1 A 173 i il 2 0x96000000, “K/)N2E980MB

*/

linux,cma-default;

i
LA . MX8QXP MEK AL E N 256MB WAT, 4% K70 5] i J8 sl i) A A7 20 B A O
root@imx8qxpmek:~# cat /proc/meminfo
MemTotal: 221076 kB
MemPFree: 67456 kB
MemAvailable: 53516 kB
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6.2 10 EHECE S Pinctrl IX3)

6.2.1 i.MX8QXP MEK #R [ Bl A &
1.MX8QXP MEK # ] 10 & AT B A 73 & SLAE:
arch\armo64\boot\dts\freescale\fsl-imx8qxp-mek.dtsi
&iomuxc {
pinctrl-names = "default";
pinctrl-0 = <&pinctrl hog>;
imx8qxp-mek {
pinctrl_hog: hoggrp {
fsl,pins = <
SC_P_MCLK OUT0_ADMA_ACM_MCLK_OUT00x0600004c
SC P COMP _CTL GPIO 1V8 3V3 GPIORHB PAD 0x000514a0

15
pinctrl_csi0 1pi2c0: csiOlpi2cOgrp {
fsl,pins = <
SC P_MIPI CSI0 I2C0 SCL MIPI CSI0 12C0_SCL 0xc2000020
SC P_MIPI CSI0 I2C0 SDA MIPI CSI0 12C0_SDA 0xc2000020

¥
pinctrl_esai0: esaiOgrp {

fsl,pins = <

15
pinctrl_Ipuart0: lpuartOgrp {
fsl,pins = <
SC P UART0 RX ADMA UARTO RX 0x06000020
SC_P_UARTO TX_ADMA _UARTO TX 0x06000020

15
pinctrl Ipuartl: Ipuartlgrp {

fsl,pins = <
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I8
pinctrl_Ipuart2: lpuart2grp {
fsl,pins = <
SC_P_UART2 TX ADMA UART2 TX 0x06000020
SC_P_UART2 RX ADMA UART2 RX 0x06000020

I8

pinctrl_Ipuart3: Ipuart3grp {
fsl,pins = <
>

I8
pinctrl_fecl: feclgrp {

fsl,pins = <

I8
pinctrl fec2: fec2grp {

fsl,pins = <

1
pinctrl_flexcanl: flexcanOgrp {
fsl,pins = <
SC P FLEXCANO TX ADMA FLEXCANO TX
SC P FLEXCANO RX ADMA FLEXCANO RX

15
pinctrl flexcan2: flexcanlgrp {
fsl,pins = <
SC_P_FLEXCANI1_TX ADMA_FLEXCANI_TX
SC P FLEXCAN1 RX ADMA FLEXCANI] RX
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pinctrl lcdif: ledif grp {

fsl,pins = <

I8
pinctrl_lcdif pwm: ledif pwm_grp {
fsl,pins = <

SC_P_SPI0_CS1_ADMA_LCD PWMO0 OUT

>3

I8

pinctrl_flexspiO: flexspiOgrp {
fsl,pins = <
>

1
pinctrl cm40 i2¢: cm40i2cgrp {
fsl,pins = <
SC_P_ADC_IN1_M40_I12C0_SDA 0x0600004c
SC_P_ADC_INO_M40_I2C0_SCL 0x0600004c

b
pinctrl_ioexp_rst: ioexp_rst_grp {
fsl,pins = <

SC_P_SPI2 SDO_LSIO GPIOl1 1001  0x06000021

1
pinctrl_ioexp_rst_sleep: ioexp_rst_sleep grp {
fsl,pins = <

SC_P_SPI2_SDO_LSIO GPIOI 1001  0x07800021

I8
pinctrl pwm_ mipi_lvdsO: mipi_lvdsO pwm grp {
fsl,pins = <

SC_P_MIPI DSI0_GPIOO 00 MIPI DSI0 PWMO OUT
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pinctrl i2c0_mipi lvdsO: mipi_lvds0_i2¢c0_grp {
fsl,pins = <
SC P MIPI DSIO 12C0_SCL MIPI DSIO 12C0_SCL
SC P_MIPI DSI0 12C0_SDA MIPI DSI0 12C0_SDA
SC P_MIPI DSI0O GPIOO 01 LSIO GPIO1 1028

15
pinctrl pwm_mipi_Ivdsl: mipi_lvdsl pwm_grp {
fsl,pins = <

SC_P_MIPI DSI1_GPIOO 00 MIPI DSII_PWMO OUT

15
pinctrl i2c0_mipi_lvdsl: mipi_lvdsl i2¢c0_grp {
fsl,pins = <
SC_P_MIPI DSI1 12C0 SCL_MIPI DSI1 12C0 SCL
SC_P_MIPI_DSI1_12C0_SDA_MIPI DSII_I2C0_SDA
SC_P_MIPI_DSI1_GPIOO_01_LSIO_GPIO2_IO00

15
pinctrl_is129023: is129023grp {
fsl,pins = <
SC P _SPI2 SDI LSIO GPIO1 1002 0x00000021

15
pinctrl_Ipi2cl: Ipilcgrp {
fsl,pins = <
SC P_USB SS3 TC1_ADMA I2C1_SCL 0x06000021
SC P USB SS3 TC3 ADMA 12C1 SDA 0x06000021

¥
pinctrl_sail: sailgrp {

fsl,pins = <
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pinctrl_usdhcl: usdhclgrp {

fsl,pins = <
=
I8
pinctrl_typec: typecgrp {
fsl,pins = <
SC P_ENET(0 REFCLK 125M 25M LSIO_GPIO5 1009 0x60
SC P _SPI2 SCK LSIO GPIO1 1003 0x06000021
=
I8

pinctrl usdhcl 100mhz:
pinctrl usdhcl 200mhz:
pinctrl usdhc2 gpio: usdhc2gpiogrp {

fsl,pins = <
SC P USDHC1 RESET B LSIO GPIO4 1019  0x00000021
SC P USDHC1 WP _LSIO _GPIO4 1021 0x00000021
SC P USDHC1 CD B LSIO GPIO4 1022 0x00000021
3
b
pinctrl usdhc2: usdhc2grp {
fsl,pins = <
So

1

pinctrl usdhc2 100mhz:
pinctrl usdhc2 200mhz:
pinctrl_pcieb: pcieagrp{

fsl,pins = <
SC P_PCIE CTRLO PERST B LSIO GPIO4 1000 0x06000021
SC _P_PCIE_CTRLO CLKREQ B LSIO GPIO4 1001 0x06000021
SC P _PCIE_ CTRLO WAKE B LSIO _GPIO4 1002 0x04000021
So
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pinctrl mipi csi0_gpio: mipicsiOgpiogrp{
fsl,pins = <
SC_P_MIPI CSI0_GPIO0_00_MIPI CSI0O_GPIO0_IO00  0x00000021
SC_P_MIPI_CSI0_GPIO0_01_MIPI_CSI0_GPIOO0_IO01 0x00000021

15
pinctrl gpio3: gpio3grp{

fsl,pins = <
SC_P_MIPI_CSI0_GPIO0_01_LSIO_GPIO3_1007 0xC0000041
SC_P_MIPI_CSI0_GPIO0_00_LSIO_GPIO3_1008 0xC0000041
So

¥
pinctrl_wifi: wifigrp{
fsl,pins = <

SC_P_SCU_BOOT MODE3_SCU_DSC_RTC_CLOCK_OUTPUT 32K 0x20

i
pinctrl wifi init: wifi_initgrp{
fsl,pins = <

SC_P_SCU_BOOT MODE3_SCU_DSC_BOOT MODE3 0x20

¥
pinctrl_parallel csi: parallelcsigrp {

fsl,pins = <

35
B &It a— 10 & ] g8 H 2/ I0mux ThEE, LA L DhEEAI X R # IOPAD J& 14
FOAMERLF, & XA include\dt-bingings\pinctrl\pads-imx8qxp.h 41, Fr LR 75 2 H e 52
WA REERATARS FH I 1O B A Dhae =T DL T, bl i
SC P MCLK_OUT0 ADMA ACM MCLK_OUTO 0x0600004c
#define SC P MCLK_OUT0_ADMA_ACM_MCLK_OUTO SC_P_MCLK_OUT0 0
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#define SC P MCLK OUTO 76 /* ADMA.ACM.MCLK OUTO0, ADMA.ESAI0.TX HF CLK,

ADMA.LCDIF.CLK, ADMA.SPI2.SDO, LSIO.GPIO0.1020 */

HAr sc P MCLK_OUT0 ADMA F/RIXAME 4, MCLK OUTO
SR 5 BEIhRE R 717 1) 1Opad J& 1415 0x0600004¢ 7 K1k 72

10Omux X B & A7 a4 1€ A :

FRIZAE B I0mux FIIhRE,

29-27 mux_mode

mux_mode mux_mode

000b - ADMA_ACM_MCLK_OUTO
001b - ADMA_ESAI0_TX_HF_CLK
010b - ADMA_LCDIF_CLK

011b - ADMA_SPI2_SDO

100b - LSIO_GPI00_l020

10pad X B 25 47 25 € LN :

26-25 output and input configuration

sw_config output and input configuration

00b - DEFAULT

01b - OPEN_DRAIN

10b - OPEN_DRAIN_INPUT
11b - INOUT

AA AR N e T e e  Heit S TP

=0b11: INOUT.

6-5 Pull Down Pull Up

PULL Pull Down Pull Up

00b - Prohibited
01b - pull up

10b - pull down
11b - pull disabled

=0b10: pull down

0 Drive
PDRV Drive

0Ob - Output is configured in High Drive mode both in 1.8 V and 3.3 V applications
1b - Output is configured in Low Drive mode both in 1.8 V and 3.3 V applications

=0b0: High Drive mode.

GPIO /=510 T -
SC P_USDHCI RESET B LSIO GPIO4 1019 0x00000021
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6-5 Pull Down Pull Up

PULL Pull Down Pull Up

00b - Prohibited
01b - pull up

10b - pull down
11b - pull disabled

=0b01: pull up

0 Drive

PDRV Drive

0b - QOutput is configured in High Drive mode both in 1.8 V and 3.3 V applications
1b - Output is configured in Low Drive mode both in 1.8 V and 3.3 V applications

=0b0: Low Drive mode.
pin control subsystem 1] X f51]3&
INR &L IFS
FAT#EEH linux/drivers/pinctrl H 3 pin control subsystem [/ SCAF #1121

P EEaN
core.c core.h pin control subsystem ['] core driver
pinctrl-utils.c pinctrl-utils.h pin control subsystem [{]—%& utility 4% I B& £
pinmux.c pinmux.h pin control subsystem [1] core driver(pin muxing #5471 %AY, HFRA

pinmux driver)

pinconf.c pinconf.h pin control subsystem ] core driver(pin config &7 FALHS, HFK N
pin config driver)

devicetree.c devicetree.h pin control subsystem ] device tree {4

pinctrl-imx6q.c/ i.mx6q/dl pin controller [ low level driver.
pinctrl-imx6dl.c
pinctrl-imx.c
2. R Al N AZ AR 11 Sk
18 22 W AZ I HoAth R 75 2 F 2] pin control subsystem AR SS, X833 g2 X T pin control
subsystem [ 7z 1 DL ARG FIEHE 45 4« FATT#E 3 linux/include/linux/pinctrl H 3% pin control
subsystem ) FhE#zE S SO 21 R AN
A4 ik
consumer.h HAH driver ZA# H pin control subsystem ] 142 [ ;
av WELIHEHYEE
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b FCE T I B AR
X B 75 2 include iX A>3k 04
devinfo.h 1X 2 for linux P A% B IR S A TR R R ( driver model )i FH A 4% [ o struct
device FHE T —A> struct dev_pin_info *pins [ 51, IXANK 5
R T %544 0I5 IRIERES(E S, 7E probe 2 H, driver model
H 1) core driver 7E1i F driver [ probe P& %2 Hil 246 E pin state
machine.h F1 machine FEERFFIHE .

3. Low level pin controller driver £ 1
FATEEH linux/include/linux/pinctrl H 3% T pin control subsystem $2f4t45 Ji£JZ specific pin controller
driver [k SCAFFI R UT

A4 BN
pinconf-generic.h XA O R ER A4 B8 pin controller driver i FH ), AN AN
.
pinconf.h pin configuration % I
pinctrl-state.h pin control state IR E X
pinmux.h pin mux function % [

6.2.2 pin control driver {3443 #
pin control Xz FEIjFEH: & B iomux, WHE iopad,i% & input daisy chain

6.2.2.1 pin controller #155/] DTS #id

AL HAR IS, pin controller IX HW block 75 E /& device tree TR — .
Ab, FAARK) HW block EIKF) 2 At 72 e C B IL S IE I ThRe, DL, X£E device (FRA1]
X pin controller 7& host, APAIXLEAEH pin controller AT H BB E K device IYf client
device) HFHELEE H W device tree node F#EiA pin control HIFHR N R
//arch/arm/boot/dts/imx6qdl.dtsi
iomuxc: iomuxc@020e0000 {
compatible = "fsl,imx6dl-iomuxc", "fsl,imx6g-iomuxc";
reg = <0x020e0000 0x4000>;
35
// arch/arm/boot/dts/imx6qdl-sabresd.dtsi
&iomuxc {
pinctrl-names = "default";
pinctrl-0 = <&pinctrl_hog>;
imx6qdl-sabresd {
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pinctrl_hog: hoggrp {

fslpins =<......

1

%/ pin configuration £l /& pin controller Y] child node, & 1 client device Z245 F 2| — 4. pin
FIFCE S S . BEARW & X pin configuration & FIEAK ] pin controller A1 .

£ pin controller node 7 X pin configuration 3 H [F]/& 4 1 ik client device 51 . i client
device H: 52l /2 {# H pin control subsystem #2 it I 55 (1) L B 2%, Bilan o k4% . FEfEH /T, &
T— R eI AR ARRS TR E B AH DG 1) 5| I D Re A& HF T DhRE. A 1 device tree, FATAT LIS device
tree RALIBIXFFIEE . AU, &1 device ] LUl H &5 S JEPEK 817 pin controller [
HA~ child node, 542 pin configuration |

— AL device tree 1 HTAMA node JE AN :
device-node-name {
5E X% device H T @M
pinctrl-names = "sleep", "active"; —————— QD)
pinctrl-0 = <pin-config-0-a>;,—————————————— (2)
pinctrl-1 = <pin-config-1-a pin-config-1-b>;
35

(1) pinctrl-names & X | —* state 5|3 . At 2 state e ? HARULN 1% 42 pin state, X T—
clientdevice, BT 7 —4 pin, X—24 pin RO [FIB AT IEFORZS, HEFRIXL pin 28 T — 1R
REI S ThRE . state (8 SO AR B OC R ELECE S, B4 & active NI, FRATTHE 2 pin
controller ¥ AH ) —2H pin 15 & N BRI W & TIRE, T 9% &N sleep IRASIR%, 752 pin
controller ¥4 AH 2% ) —4H pin € N8 GPIO, FEAH A KI42 ] GPIO IR LA 15448 R Gt 1) DI #E - state
AWM, FRIR, —MEiR pinctrl-names & X FRFEBEFIEL, Fioh—Ft 2 ID. ID M 0 FF48, Rk
In—o MWHEFIFH I E L, state ID ZET 0 (K72 active) [1] state XJ B pinctrl-0 J&1E, state ID &
T 1 (Z752 idle) [ state X M. pinctrl-1 JEPE. FARB A state (€ LS DM EGEHKR, BiAS%
1 H &/ device bind.

(2) pinctrl-x 7€ o pinctrl-x &—/MJ#4 (phandle) %158, &/NMA)J#FE ] —4 pin configuration.
g, — state M. 2> pin configure. HIU17E active I &, 12C DjREA MELE, v LUAA
[A 1] pad iomux Hi kK

LA uart Jf1:
&uart] {
pinctrl-names = "default";

pinctrl-0 = <&pinctrl uart1>;
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status = "okay";
5
1% serial device RE X T —" state it/ default, XM pinctrl-0 &% Y. pinctrl-0

Z— M (phandle) %3, F/ANAJHETE—A pin configuration, XL 2 &
pinctrl uartl.

6.2.2.2 pin controller IRz I¥] 264k,

R4 device treefCAG 34T, FATTHIE, £ RGEVIEARINE, dts #IRH) device node 2 JE K —
APEREER, 1E machine ¥IUGALIFIEFEF, 2> scan device node FIFPIRZ5 1), H B IE IR device
node 2 il — MR A 1) device 4544 CELAN struct platform_device) FEMMAZI RSt AT
BB B imx6qdl 14 pin controller [ dts code, U1F:

//arch/arm/boot/dts/imx6qdl.dtsi
iomuxc: iomuxc@020e0000 {

compatible = "fsl,imx6dl-iomuxc", "fsl,imx6g-iomuxc";
reg = <0x020e0000 0x4000>;
5
reg J& A pin controller BRI HIMEAE B, FFafHIbEIZ 002000000 , Hihil K& /2 0x4000.
compatible J& 4 F K Hi& pin controller [] programming model. 1% J& P I{E /& string list, & X T —
F51 modle (FFA™ string & —> model) o X L& T B FIFRAHRAE R Gt FARE £ —A> pin
controller driver >RIKFNZ 1%, JEHIMARUIS VR HiIA . pin control subsystem EAH BT 45
fil, WAAUE S TR E CEEHIRN R, e TR TR R — AN TG S M S B (total 5 £
BE ) pin,  pin IR FTEHLLL L pin (IECE TEHL) 73 M 2 pin control subsystem H, X4 /& pin
controller driver FIFIIHEAL A EE N R . XL B SR LUl FR SR (=%
linux/drivers/pinctrl H 3% T 1 pinctrl-imx6q.c 30, %30 & LT —ANKE4H imx6q_pinctrl_pads
KR TE—A pin) , AT LUEE dts N EERES R
28K, 1 iomuxc@020e0000 iX > device node tH 228 Bl —™ platform device TNA R . H T
device, 4 %f M platform driver A& WAy M B R G Ve ? ARSI
static struct of device id imx6q pinctrl of match[] = {
{ .compatible = "fsl,imx6q-iomuxc", },

{ /* sentinel */ }

I8
static int imx6q_pinctrl_probe(struct platform_device *pdev)
{

return imx_pinctrl_probe(pdev, &imx6q_pinctrl_info);
}

static struct platform_driver imx6q_pinctrl_driver = {
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.driver = {
.name = "imx6q-pinctrl",
.owner = THIS MODULE,
.of match_table = imx6q_pinctrl_of match, // ULIL%14
3
.probe = imx6q_pinctrl_probe, //1% driver [FH]J4H14 bR £L
.remove = imx_pinctrl remove,
I8
probe iIFE (driver FIUHLILFE) :
int imx_pinctrl_probe(struct platform_device *pdev,

struct imx_pinctrl_soc_info *info)

struct imx_pinctrl *ipctl;
struct resource *res;

int ret;

if (linfo || linfo->pins || !info->npins) {
dev_err(&pdev->dev, "wrong pinctrl info\n");

return -EINVAL,;
}

info->dev = &pdev->dev;

/* Create state holders etc for this driver */
ipctl = devm_kzalloc(&pdev->dev, sizeof(*ipctl), GFP_ KERNEL);
if (lipetl)
return -ENOMEM;
/*

devm_kzalloc B2 A struct imx_pinctrl #0445 54 20 B N A7 . 524 driver probe — AN BAKR device S (B, #D
i L L — BU A BB S5 1 R ORAF % device 1) — S BARMAEHE B CRYSrh, XM EEES 2 struct
imx_pinctr) o 7EREZ%, IR TARENN 2 24 H kmalloc Bi# kzalloc KIACANAF, (HIX S K — L AL nl . f4n.
WA RE T, G & B &R AT RE R ICIE L, IX I KSR driver TREIT/NG B S AR, BB 7T 20 BC I A AE
28R, WAL REF, BT memory, driver 2324 probe [ device 73l & FH 7Y, Il IRQ %5, io memory map. DMA
AR YIRS HIX 4 2 I B S BORURE RO I A%, AR 2 BREAR AR I 7 BEURE R dssue. T H., BT
L6 ssue /& o AT B issue, ANRMAKZ MK, HINE [ AEJIXA issue B EE . A RZAEDRIX A ) 8 A8
3 CHTIB A e — 28 ) ) B 7 VR s T 85D /& Devres, RN device resource management SCPFREER . BE A5 1K)
WNERANE T, HAZ0 BA 2 R W& B, A BHRNEEIAT device, M2 YA TRE driver £ 12
L. 4 device Fl driver detach [ %, device 2= H Al IR B BT A 1 58 5
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*/

/*

info->pin_regs = devm_kzalloc(&pdev->dev, sizeof(*info->pin_regs) *
info->npins, GFP_ KERNEL);
if (linfo->pin_regs)

return -ENOMEM;

res = platform_get resource(pdev, IORESOURCE MEM, 0);// /3. memory %t )i
ipctl->base = devm_ioremap_resource(&pdev->dev, res);
if (IS_ERR(ipctl->base))

return PTR_ERR(ipctl->base);

S3BC T struct imx_pinetrl £0HE S5 I AE, 98 T — Dt BWIIG X AN ARSI T« IRATEEE imx 1)
pin controller driver J& Wi & Sz 45 /I 1

struct imx_pinctr] {

e

struct device *dev;// A1 platform device # 3/ k&
struct pinctrl_dev *petl;// [F] core driver [ pin controller class device
void __iomem *base;/ V5 [ Hif 1 25 47 7 [ 3 Hi bk

const struct imx_pinctrl_soc_info *info;

struct imx_pinctr]l _soc_info {

e

struct device *dev;

const struct pinctrl_pin_desc *pins;/ T [7] pin control subsystem ' core driver H 4l %1
unsigned int npins;

struct imx_pin_reg *pin_regs;

struct imx_pin_group *groups;// & imx pin controller # pin groups )15 5.

unsigned int ngroups;// fifii& imx pin controller # pin groups A% H

struct imx_pmx_func *functions;/ {#fiiA imx pin controller # function 1.5

unsigned int nfunctions;/ fifii& imx pin controller /1 function )% H

unsigned int flags;

struct pinctrl_desc F1 struct pinctrl_dev #BJ& pin control subsystem 7' core driver [{Jffer. A HARTE
41 pin controller 1] fg<x & AAHE], HE 0] A HIL RIS 40 R B — > HW independent ()£ 45 45
¥y, XAEIR L pin controller #iR%F, 7E core driver H1 ] struct pinctrl_desc #7x, EARIZEHRE 451
JE SLUTR :
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struct pinctrl _desc {
const char *name;

struct pinctrl_pin_desc const *pins; — — — 7§ [i] npins > pin I8 FF, FNFIBRFFHIA—A pin
unsigned int npins;— ——————————— Z pin controller 75 % /AR #£ ) pin
const struct pinctrl_ops *pctlops;— ——— —— callback PRA%, & core driver fiC/Z driver 4% 1
const struct pinmux_ops *pmxops;— — — — — callback %, /& core driver fJiC/Z driver 422 1
const struct pinconf ops *confops;— ——— — callback %, /& core driver M2 driver 1422 1
struct module *owner;

1

H A HIIA AT FE A% O AR S low level [ driver & X — pinctrl_desc , %5 pin A5 & XA
callback %4, ¥EMZE] pin control subsystem 1. FRATTH 5| IR T (pin descriptor) KA —4 pin.
£ pin control subsystem 1, struct pinctrl_pin_desc Fi 4R —AN ol DL S 5], RATFRZ 51 B E
75, AREGUR

struct pinctrl pin_desc {

unsigned number; ——— ———— ID, fEZA pin controller H1ME—AHR1H 1% 5] fHl

const char *name; ——————— user friedly name

void *drv_data;

¥

<)
imx_pinctrl_desc.name = dev_name(&pdev->dev);
imx_pinctrl_desc.pins = info->pins;
imx_pinctrl_desc.npins = info->npins;
ret = imx_pinctrl probe dt(pdev, info);

/*

|-> imx_pinctrl parse functions

| |- imx_pinctrl parse groups

| >

/*

* the binding format is fsl,pins = <PIN_ FUNC_ID CONFIG ...>,
* do sanity check and calculate pins number
<
list = of get property(np, "fsl,pins", &size);
DL RS B 1% B mux/conf/input 75 17 4%
for (i = 0; i < grp->npins; i++) {
u32 mux_reg =be32 to_cpu(*list++);
u32 conf reg;

unsigned int pin_id;
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*/

struct imx_pin_reg *pin_reg;

struct imx_pin *pin = &grp->pins[i];

if (info->flags & SHARE MUX CONF_REG)
conf reg = mux_reg;
else

conf reg=>be32 to cpu(*list++);

pin_id = mux_reg ? mux_reg /4 : conf reg/4;
pin_reg = &info->pin_regs[pin_id];

pin->pin = pin_id;

grp->pin_ids[i] = pin_id;

pin_reg->mux_reg = mux_reg;
pin_reg->conf reg = conf reg;

pin->input_reg = be32 to_cpu(*list++);
pin->mux_mode = be32 to_cpu(*list++);

pin->input_val =be32 to cpu(*list++);

/* SION bit is in mux register */
config =be32 to_cpu(*list++);
if (config & IMX PAD_SION)
pin->mux_mode = IOMUXC_ CONFIG_SION;
pin->config = config & ~IMX PAD SION;

dev_dbg(info->dev, "%s: %d 0x%081x", info->pins[i].name,

pin->mux_mode, pin->config);

dev_err(&pdev->dev, "fail to probe dt properties\n");
return ret;

ipctl->info = info;
ipctl->dev = info->dev;

platform_set drvdata(pdev, ipctl);
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ipctl->pctl = pinctrl_register(&imx_pinctrl_desc, &pdev->dev, ipctl);

if (lipetl->pctl) {
dev_err(&pdev->dev, "could not register IMX pinctrl driver\n");
return -EINVAL;

dev_info(&pdev->dev, "initialized IMX pinctrl driver\n");

return 0;

6.3 #tk bringup

1 BSP i), 7EAE5E Tomux 5 GPIO 2 J5, HUEESL TR A i+ 5 B
L.MX8QXPMEK # [ X, iR R 2 E ol bakzh, R a5 ZEA TR E R IRENAE dts Hoil PR fi ek
e W E N disabled, )5 THZEBEUNIKS), BECLIRSRIESHPRE, At GPIO, 12C ik
LENEMATLL T .

Fetmmin R UUU F#, RIS 1, eMMC/SD 3k3)15 USB ARSI v L T,
FER S A B o R AT LU I ek b, SRORIERT A6 40 I I -

/larch\arm64\boot\dts\freescale\fsl-imx8qxp-mek.dtsi

bremfmac: bremfmac { //disable wifi/bt/modem
status = "disabled";
%

modem_reset: modem-reset { status = "disabled";};
regulators { /remove the gpio regulators, except sdcard and usbotgl

reg_can_en: regulator-can-gen { status = "disabled";};
reg_can_stby: regulator-can-stby {status = "disabled";};
reg_fec2 supply: fec2 nvcc {status = "disabled";};
reg_usdhc2 vmmc: usdhc2 vmmc {...};
epdev_on: fixedregulator@100 {status = "disabled";};
reg_usb_otgl vbus: regulator@0 {...};
reg_audio: fixedregulator@?2 {status = "disabled";};

¥

sound: sound {//remove all sound device
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status = "disabled"
¥
sound-amix-sai { status = "disabled"}

sound-cs42888 { status = "disabled"}

&acm {status = "disabled"};
&amix {status = "disabled"};
&asrc {status = "disabled"};
&esail {status = "disabled"};
&sai4 {status = "disabled"};;
&saiS5 {status = "disabled"};

&sail { status = "disabled"};

Ivds_backlight0/1: lvds_backlight@0/1 {//remove all the pwm backligh
status = "disabled"

¥
ledif backlight: ledif backlight { status = "disabled" }

&pwm_mipi_lvdsl { status = "disabled"}
//uart ¥ debug uart0 FEAR 1) vart2, HE 1) F: 45

&lpuartl/3 { status = "disabled"}
&lpuart3 { status = "disabled"}

//fec F4s

&fecl/2 { status = "disabled"}
//can FPi

&flexcanl/2 { status = "disabled"}
//spi Z: 7

&flexspil { status = "disabled"}
Ih2e £5

&i2¢0_cm40 { status = "disabled"}
//pcie F

&pcieb{ status = "disabled"}
//camera 25
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&mipi_csi_0 { status = "disabled"}
&cameradev { status = "disabled"}
&parallel csi { status = "disabled"}
&isi_0/1/2/3 { status = "disabled"}
&i2c0_csi0 { status = "disabled"
max9286_mipi@6A { status = "disabled"} }
ovsiARPS
&i2c¢0_mipi_lvds0/1 { status = "disabled"}
&ldb1/2_phy { status = "disabled"}
&l1db1/2 {status = "disabled"}
&mipi_dsi_phyl/2 {status = "disabled"};
&mipi_dsil/2 {status = "disabled"}
&mipi_dsi_bridgel/2 {status = "disabled"}

WRAEH sdeard JE 3, SR 1 H SR AT H /N 2GR fsl-imx8qxp-mek.dtb % # 5 Boot imx8qx
S X H ] fsl-imx8qxp-mek.dtb, #di I sdcard, B[R] PLE S &/ RS-

ISR AT Bt sdeard, B UUU T 8GSAT4 R0 F -
1. download i.mx8qgxp mek image from:

https://www.nxp.com/products/processors-and-microcontrollers/arm-based-processors-and-mcus/i.mx-applications-processor
s/i.mx-8-processors/i.mx-software-and-development-tool: IMX-SW

Linux Binary Demo Files - i MX 8QXPlus MEK

Unzip it.

2. download uuu 1.2.91 from

https://github.com/NXPmicro/mfgtools/releases

put the uuu.exe in the same folder with demo image.

3. Copy the demo image\samples\example kernel emmc.uuu to beyond folder rename to
example kernel emmc John.uuu, same with demo image, and modify it as follow(just
Change flash.bin, Image, board.dtb, initramfs.cpio.gz.uboot, emmc boot device
number, remove optee, rootfs),to the right one in the demo image.

example kernel emmc John.uuu:

uuu_version 1.0.1

# Please Replace below items with actually file names

# @_flash.bin | boot loader
# @_Image | kernel image, arm64 is Image, arm32 it is zImage
i.MX8X P4 A% IR BN ARAS 5 5 il
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# @_board.dtb | board dtb file

# (@_initramfs.cpio.gz.uboot | mfgtool init ramfs
# @_rootfs.tar.bz2 | rootfs

# @_uTee.tar | optee image

SDP: boot -f imx-boot-imx8qxpmek-sd.bin-flash

# This command will be run when use SPL

SDPU: write -f imx-boot-imx8qxpmek-sd.bin-flash -offset 0x57¢00
SDPU: jump

# This command will be run when ROM support stream mode

SDPS: boot -f imx-boot-imx8qxpmek-sd.bin-flash

# use uboot burn bootloader to eMMC

# becaue difference chip, offset is difference

# you can use kernel to do that for specific boards

FB: ucmd setenv fastboot_dev mmc

FB: ucmd setenv mmcdev $ {emmc_dev}

FB: flash bootloader imx-boot-imx8qxpmek-sd.bin-flash

FB: ucmd setenv emmc_cmd mmc partconf $ {emmc_dev} 0 1 0;

FB: ucmd if test "$ {emmc_skip fb}" !="yes"; then run emmc_cmd; fi
FB: ucmd setenv emmc_cmd mmc bootbus $ {emmc_dev} 2 2 1;

FB: ucmd if test "$ {emmc_skip fb}" !="yes"; then run emmc_cmd; fi

FB: ucmd setenv fastboot_buffer $ {loadaddr}

FB: download -f Image-imx8gxpmek.bin

FB: ucmd setenv fastboot_buffer $ {fdt addr}

FB: download -f Image-fsl-imx8qxp-mek.dtb

FB: ucmd setenv fastboot_buffer $ {initrd addr}

FB: download -f fsl-image-mfgtool-initramfs-imx_mfgtools.cpio.gz.u-boot

#FB: ucmd setenv bootargs console=$ {console},$ {baudrate} earlycon=${earlycon},${baudrate}

FB: acmd $ {kboot} ${loadaddr} ${initrd addr} ${fdt addr}

# get mmc dev number from kernel command line
# Wait for emmc

FBK: uemd while [ ! -e /dev/mmcblkOboot0 ]; do sleep 1; echo "wait for /dev/mmcblk*boot* appear"; done;
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# serach emmc device number, if your platform have more than two emmc chip, please echo dev number >/tmp/mmcdev

FBK: ucmd dev="ls /dev/mmcblkOboot0"; dev=($dev); dev=${dev[0]}; dev=$ {dev#/dev/mmcblk}; dev=$ {dev%boot0}; echo
$dev > /tmp/mmcdev;

# create partition

FBK: ucmd mmc="cat /tmp/mmcdev'; PARTSTR=$'10M,500M,0c\n600M,,83\n'; echo "$PARTSTR" | sfdisk --force
/dev/mmcblk$ {mmc}

FBK: ucmd mmc="cat /tmp/mmcdev’; dd if=/dev/zero of=/dev/mmcblk$ {mmc} bs=1k seek=4096 count=1
FBK: uemd sync
# you can enable below command to write boot partition. but offset is difference at difference platform
#FBK: ucmd mmc="cat /tmp/mmcdev"; echo 0 > /sys/block/mmcblk$ {mmc}boot0/force ro
#FBK: ucp _flash.bin t:/tmp
#FBK: ucmd mmc="cat /tmp/mmcdev"; dd if=/tmp/_flash.bin of=/dev/mmc${mmc}boot0 bs=1K seek=32
#FBK: ucmd mmc="cat /tmp/mmcdev"; echo 1 > /sys/block/mmcblk$ {mmc}boot0/force ro
FBK: ucmd mmc="cat /tmp/mmcdev'; while [ ! -¢ /dev/mmcblk$ {mmc}pl ]; do sleep 1; done
FBK: ucmd mmc="cat /tmp/mmcdev"; mkfs.vfat /dev/mmcblk$ {mmc}pl
FBK: uemd mmc="cat /tmp/mmcdev"; mkdir -p /mnt/fat
FBK: ucmd mmc="cat /tmp/mmcdev’; mount -t vfat /dev/mmcblk$ {mmc}p1l /mnt/fat
FBK: ucp Image-imx8qgxpmek.bin t:/mnt/fat
FBK: ucp Image-fsl-imx8qxp-mek.dtb t:/mnt/fat
#FBK: ucp _uTee.tar t:/tmp/op.tar
#FBK: ucmd tar -xf /tmp/op.tar -C /mnt/fat
FBK: uemd umount /mnt/fat
FBK: ucmd mmc="cat /tmp/mmcdev"; mkfs.ext3 -F -E nodiscard /dev/mmcblk$ {mmc}p2
FBK: uemd mkdir -p /mnt/ext3
FBK: ucmd mmc="cat /tmp/mmcdev"; mount /dev/mmcblk$ {mmc}p2 /mnt/ext3
FBK: acmd export EXTRACT UNSAFE SYMLINKS=I; tar -jx -C /mnt/ext3
FBK: ucp fsl-image-validation-imx-imx8qxpmek.tar.bz2 t:-
FBK: Sync
FBK: ucmd umount /mnt/ext3
FBK: DONE
4. WBgmiF R T fsl-imx8qxp-mek.dtb XA #if5 demo image H [
Image-fsl-imx8qxp-mek.dtb L4
5. jump the i.mx8qxp mek board to download mode. 0001.
6. link the usb type ¢ to pc, link the usb serial port to pc.

i.MX8X P % Bz AAS 5 52 fil

124 NXP Semiconductor



7. run command in command window: uuu.exe example kernel emmc John.uuu

8. usb port information as follows:

C:\D\imx\imx8x\nxpwebsite\4.14.98 ga\.4.14.98 2.0.0_ga images MX8QXPMEK>uuu.exe
example kernel emmc John.uuu

uuu (Universal Update Utility) for nxp imx chips -- libuuu_1.2.135-0-gacaf035
Success 1  Failure 0
1:18 20/20 [Done ] FBK: DONE

19 1/1[ 100% ] SDPS: boot -f
imx-boot-imx8gxpmek-sd.bin-flash

C:\D\imx\imx8x\nxpwebsite\4.14.98 ga\[.4.14.98 2.0.0 ga images MX8QXPMEK>

9. serial port information as follows:

Detect USB boot. Will enter fastboot mode!

Fastboot: Normal

Boot from USB for mfgtools

Use default environment for mfgtools

Run bootemd mfg

# Checking Image at 83100000 ...

Unknown image format!

Run fastboot ...
1 setufp mode 0

1 cdns3_uboot_initmode 0

Detect USB boot. Will enter fastboot mode!
flash target is MMC:1

MMC: no card present
MMC card init failed!

MMC: no card present

** Block device MMC 1 not supported
Detect USB boot. Will enter fastboot mode!
flash target is MMC:0

status: -104 ep 'eplin' trans: 0

Starting download of 932864 bytes

downloading of 932864 bytes finished

writing to partition 'bootloader’

support sparse flash partition for bootloader
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Initializing 'bootloader’
switch to partitions #1, OK
mmcO(part 1) is current device

Writing 'bootloader’

MMC write: dev # 0, block # 64, count 1882 ... 1882 blocks written: OK
Writing 'bootloader' DONE!

status: -104 ep 'eplin' trans: 0

Detect USB boot. Will enter fastboot mode!
status: -104 ep 'eplin' trans: 0

Detect USB boot. Will enter fastboot mode!
Detect USB boot. Will enter fastboot mode!
Detect USB boot. Will enter fastboot mode!
Detect USB boot. Will enter fastboot mode!
Starting download of 23163392 bytes
downloading of 23163392 bytes finished
status: -104 ep 'eplin' trans: 0

Detect USB boot. Will enter fastboot mode!
Starting download of 84164 bytes

downloading of 84164 bytes finished
Detect USB boot. Will enter fastboot mode!
Starting download of 10798655 bytes
status: -104 ep 'eplin' trans: 0

downloading of 10798655 bytes finished...

[ 5.257452] Freeing unused kernel memory: 1280K
Found New UDC: ci_hdrc.0

ci_hdrc.0 0

Found New UDC: gadget-cdns3

gadget-cdns3 1

ffs.utp0

[ 5.319329] file system registered

ffs.utpl
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[ 5.338016] Mass Storage Function, version: 2009/09/11

[ 5.343262] LUN: removable file: (no medium)

[ 5.347577] Mass Storage Function, version: 2009/09/11

run utp at /dev/usb-utp0/ep0[ 5.352844] LUN: removable file: (no medium)

uuu fastboot client 1.0.0 [built Dec 4 2018 12:07:26]

Start] 5.359527] read descriptors

init usb

[ 5.368194] read descriptors

run utp at /dev/usb-utp1/ep0

uuu fastboot client 1.0.0 [built De[ 5.368220] read strings

c 42018 12:07:26]

Start init usb

write string

Start handle c[ 5.380206] read strings

ommand

uuc /dev/utpl

write string

uuc 0.5 [built Dec 4 2018 12:07:26]

Start handle command

UTP: Waiting for /dev/utpl to appear

[ 5.503521] configfs-gadget gadget: super-speed config #1: ¢

[ 5.535063] random: fast init done

run shell cmd: while [ ! -e /dev/mmcblkOboot0 ]; do sleep 1; echo "wait for /dev/mmcblk*boot* appear
": done;

run shell cmd: dev="lIs /dev/mmcblkOboot0"; dev=($dev); dev=${dev[0]}; dev=$ {dev#/dev/mmcblk}; dev=${
dev%boot0}; echo $dev > /tmp/mmcdev;

run shell cmd: mmc="cat /tmp/mmcdev'; PARTSTR=$'10M,500M,0c\n600M,,83\n'"; echo "$SPARTSTR" | sfdisk -
-force /dev/mmcblk$ {mmc}

[ 6.015705] mmcblkO: p1 p2

uuc /dev/utp

uuc 0.5 [built Dec 4 2018 12:07:26]

UTP: Waiting for /dev/utp to appear

Partition #1 contains a vfat signature.

Partition #2 contains a ext3 signature.
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[ 7.295661] mmcblk0: p1 p2

run shell cmd: mmc="cat /tmp/mmcdev'; dd if=/dev/zero of=/dev/mmcblk$ {mmc} bs=1k seek=4096 count=1
1+0 records in

1+0 records out

1024 bytes (1.0 kB, 1.0 KiB) copied, 0.000997625 s, 1.0 MB/s

run shell cmd: sync

run shell cmd: mmc="cat /tmp/mmcdev'; while [ ! -e /dev/mmcblk$ {mmc}pl ]; do sleep 1; done
run shell cmd: mme="cat /tmp/mmcdev'; mkfs.vfat /dev/mmcblk$ {mmc}pl

run shell cmd: mmc="cat /tmp/mmcdev"; mkdir -p /mnt/fat

run shell cmd: mmc="cat /tmp/mmcdev’'; mount -t vfat /dev/mmcblk$ {mmc}pl /mnt/fat
WOpen:/mnt/fat

WOpen:/mnt/fat/Image-imx8gxpmek.bin

WOpen:/mnt/fat

WOpen:/mnt/fat/Image-fsl-imx8qxp-mek.dtb

run shell cmd: umount /mnt/fat

run shell cmd: mmc="cat /tmp/mmcdev’; mkfs.ext3 -F -E nodiscard /dev/mmcblk$ {mmc}p2
mke2fs 1.43.8 (1-Jan-2018)

[ 12.222155] random: crng init done

run shell cmd: mkdir -p /mnt/ext3

run shell cmd: mme="cat /tmp/mmcdev'; mount /dev/mmcblk$ {mmc}p2 /mnt/ext3

[ 22.243037] EXT4-fs (mmcblkOp2): mounting ext3 file system using the ext4 subsystem

[ 22.255624] EXT4-fs (mmcblkOp2): mounted filesystem with ordered data mode. Opts: (null)
run shell cmd: export EXTRACT UNSAFE SYMLINKS=1; tar -jx -C /mnt/ext3

WOpen:-

wait for async proccess finish

run shell cmd: umount /mnt/ext3

6.4 FEOARE D

1.MX8QXP MEK i BRIAH I A T 1 R : A UARTO_TX/RX 3.3V B, £id—A>
7 FF IR D RE I HST I 4 88 (A BT 4e), AR5 14231 UART to USB #F L
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//arch\arm64\boot\dts\freescale\fsl-imx8qxp-mek.dtsi
chosen {
bootargs = "console=ttyL.LP0,115200 earlycon=Ipuart32,0x52060000,115200";
stdout-path = &lpuart0;

pinctrl_IpuartO: lpuartOgrp {
fsl,pins = <
SC P UART0O RX ADMA UARTO RX 0x06000020
SC P UARTO0 TX ADMA UARTO TX 0x06000020

I8
&pd_dma lpuart0 {
debug_console;
I8
&lpuart0 {
pinctrl-names = "default";

pinctrl-0 = <&pinctrl_Ipuart0>;

i.MX8X W IBNAE 5 2 il
NXP Semiconductor 129



status = "okay";

//arch\arm64\boot\dts\freescale\fsl-imx8dx.dtsi
Ipuart0: serial@5a060000 {
compatible = "fsl,imx8gm-Ipuart";
reg = <0x0 0x5a2060000 0x0 0x1000>;
interrupts = <GIC_SPI 345 IRQ_TYPE LEVEL HIGH>;
interrupt-parent = <&wu>;
clocks = <&clk IMX8QXP_UARTO0 CLK>,
<&clk IMX8QXP _UARTO IPG CLK>;

clock-names = "per", "ipg";
assigned-clocks = <&clk IMX8QXP UARTO0 CLK>;
assigned-clock-rates = <80000000>;
power-domains = <&pd_dma_Ipuart0>;

status = "disabled";

pd_dma lpuart0: PD_ DMA UARTO {
reg =<SC_R UART 0>;
#power-domain-cells = <0>;
power-domains = <&pd_dma>;
wakeup-irq = <345>;

3

R BAT BT AR A R I A R DOyt 1, Bean bR, 3RATTEL MX8QXP MEK AR JiE
W1 337 ik Er L, Al AR BT Dy

VOO LT ARD VGG _PER_3V3
Re27 k125 C127
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Ua3 ol b4
k7K -
< ]
Q Q
2 S g 13
5 BB UART3 TX ) M B SYARD_MIK_UART3 TX 12
5 BB UART3 RX << 312 B2 12— ¢(ARD MK UART3 RX 12
UizK 4 11
1. MKEQXP-CAN&UART 5 BB_UART2 TX A3 LEVEL g SPRS232 UART3 TX 8
VCC ava N TRANSLATOR 10
FLEXCANO TX | N3E—————————H s Ao T =5 5 BB _UART2 RX((: A4 pa| 10 ((RS232 UART3 RX 8
FLEXCANO_RX X BE_CANO_RX 2¢ .
Yo Anzs S & N1 fg—x
VDD GAN_UART 1Pe_3P3 = FLEXCANI TX Hima——————) 88 GAN1 TX 2 8 &
T FLEXCAN1 RX P22 X BB CANT_AK OE oo Nee—X
ART3_TXIFLEXGANZ_TX) 55
- e noc s AT DUELEGAE TG P
ho___hov = o[ NTBoT02BQ
o UART0 TX —}.‘237> ETDI UAATD TX 24
UARTO_RX. X FTDL UARTO RX 24
UART2_RX imé?—g BB UART2 AX 26 g
UARTZ TX == % 8B UART2 TX 28 -
. —1 e
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w
17 | Gno_ep

//arch\arm64\boot\dts\freescale\fsl-imx8qxp-mek.dtsi

chosen {

bootargs = "console=ttyL.LP2,115200 earlycon=Ipuart32,0x5a080000,115200";
stdout-path = &lpuart2;

pinctrl_Ipuart2: lpuart2grp {
fsl,pins = <
SC P UART2 TX ADMA UART2 TX 0x06000020
SC P UART2 RX ADMA UART2 RX 0x06000020

b
&pd_dma_lpuart2 {

debug_console;

1

&lpuart2 {
pinctrl-names = "default";
pinctrl-0 = <&pinctrl_Ipuart2>;
status = "okay";

1

//arch\arm64\boot\dts\freescale\fsl-imx8dx.dtsi
Ipuart2: serial@5a080000 {
compatible = "fsl,imx8gm-Ipuart";
reg = <0x0 0x5a080000 0x0 0x1000>;
interrupts = <GIC_SPI 347 IRQ_TYPE LEVEL HIGH>;

i.MX8X W IBNAE 5 2 il
NXP Semiconductor 131



interrupt-parent = <&wu>;
clocks = <&clk IMX8QXP_UART2 CLK>,
<&clk IMX8QXP_UART2_IPG_CLK>;
clock-names = "per", "ipg";
assigned-clocks = <&clk IMX8QXP UART2 CLK>;
assigned-clock-rates = <80000000>;
power-domains = <&pd dma_lpuart2>; /* i B [ J:45 DMA PM <&pd dma2_chanl3>;*/
/* dma-names = "tx","rx"; */ /*{&IR A 0 25 DMA DjRg*/
/* dmas = <&edma2 13 0 0>,
<&edma2 12 0 1>; */
status = "disabled";
}se..
MK E L 245 DMA PM*/
pd_dma_lpuart2: PD DMA UART2 {
reg =<SC_R UART 2>;
#power-domain-cells = <0>;
power-domains = <&pd_dma>;
[ #taddress-cells = <1>;
#size-cells = <0>; */
wakeup-irq = <347>;
/*
pd _dma2 chanl2: PD UART2 RX {
reg=<SC_ R DMA 2 CHI12>;
power-domains =<&pd dma_lpuart2>;
#power-domain-cells = <0>;
#address-cells = <1>;

#size-cells = <0>;

pd_dma2 chanl3: PD_UART2 TX {
reg=<SC R DMA 2 CHI13>;
power-domains =<&pd dma2_ chan12>;
#power-domain-cells = <0>;
#address-cells = <1>;

#size-cells = <0>;
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il
1
U1K UARTO SSON @ A = 390 DMA Zfé:
//arch\arm64\boot\dts\freescale\fsl-imx8qxp-mek.dtsi
/* %45 UARTO [¥) debug H: I ThAE, XA AAUEAE L
&pd_dma_lpuart0 {

debug_console;

*/
//arch\arm64\boot\dts\freescale\fsl-imx8dx.dtsi
Ipuart0: serial@5a060000 {
compatible = "fsl,imx8qm-lpuart";
reg = <0x0 0x52060000 0x0 0x1000>;
interrupts = <GIC_SPI 345 IRQ TYPE LEVEL HIGH>;
interrupt-parent = <&wu>;
clocks = <&clk IMX8QXP_UARTO0 CLK>,
<&clk IMX8QXP UARTO IPG CLK>;
clock-names = "per", "ipg";
assigned-clocks = <&clk IMX8QXP UARTO0_CLK>;
assigned-clock-rates = <80000000>;
power-domains = <&pd_dma2 chan9>; /* <&pd _dma_lpuart0>; */
/*add dma support™®/
dmas = <&edma2 9 0 0>,
<&edma2 8 0 1>;
status = "disabled";

pd_dma lpuart0: PD. DMA UARTO {
reg =<SC R UART 0>;
#power-domain-cells = <0>;
power-domains = <&pd_dma>;
#address-cells = <1>;//3# 1 DMA J&iE ] PM
#size-cells = <0>;

wakeup-irq = <345>;
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//ledma2 channel map Z75:85 Fr FAH a0 T -

Table 16-4. eDMA2 Channel Map

Channel Number Module DMA Request Description
0 LPSPIO LPSPIO receive request
1 LPSPIO LPSPIO0 transmit request
2 LPSPI1 LPSPI1 receive request
3 LPSPH LPSPI1 transmit request
4 LPSPI2 LPSPI2 receive request
5 LPSPI2 LPSPI2 transmit request
6 LPSPI3 LPSPI3 receive request
7 LPSPI3 LPSPI3 transmit request
8 LPUARTO LPUARTO receive request
9 LPUARTO LPUARTO transmit request
10 LPUART1 LPUART1 receive request
il LPUART1 LPUART1 transmit request
12 LPUART2 LPUART2 receive request
13 LPUARTZ2 LPUART2 transmit request
pd_dma2 chan8: PD_UARTO RX {
reg =<SC R DMA 2 CHS8>;
power-domains =<&pd dma_Ipuart0>;
#power-domain-cells = <0>;
#address-cells = <1>;
#size-cells = <0>;
pd_dma2 chan9: PD UARTO TX {
reg=<SC_R DMA 2 CH9>;
power-domains =<&pd_dma2_ chan8>;
#power-domain-cells = <0>;
#address-cells = <1>;
#size-cells = <0>;
¥
¥
b

RJE JA BN JE1F T uboot, B uboot ZEUEEAEKCN: (—M uboot AMEN)

setenv console 'ttyLP2'

setenv eatlycon 'Ipuart32,0x5a080000'

sav

134
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pri

reset
MEE R anh
cat /proc/cmdline

console=ttyLLP2,115200 earlycon=Ipuart32,0x5a080000,115200 root=/dev/mmcblk1p2 rootwait rw
A LA AE ttyLPO W1 R :

echo aaaaa > /dev/ttyLP0

6.5 uSDHC ##% % #ll(eMMC flash,SDcard, SDIOcard)
1.MX8QXP MEK % 1) emme 2 :

1.8Volt EMMCO

VGG _1V8 uigF uz3a
1.MX8QXP-EMMC

Empco CLx (B
EMMCO_CMD e
L19 | voD_emwco_1Ps_sPa. Emmco_DATAO [-£3, DATH
EMMCO_DATAY pat2  eMMC
EMMCO_DATA2 DAT3 32GB \C
cais EMMCO_DATA3 VG
o2
10v _
= EMmCo DaTAS S 5
EMMGO DATAS | 2 2
ey EMMCO_DATAS [0
VDD_EMMCO_VSELECT_1P8_3Ps: EMMCo_DATA? [ D22 EWRCORTT
-L corr EMuCo STROBE [-F22—FMWOSTROBE 222 PORB We
Senr EMMCD RESET 8 (122 — {82 USE OTG1 FLT & 26
10V
B e o EMMC reset is used as GPIO

3.3V to 1.8V Logic for USB Fault
need to be provided in BB

#iFH 1.8V 10 HiJk.
i.MX8QXP host controller ]I fE
B Compatible with the MMC System Specification version 4.2/4.3/4.4/4.41/5.0/5.1

B Supports 1-bit/4-bit SD and SDIO modes, and 1-bit/4-bit/8-bit MMC modes
Up to 3200 Mbps of data transfer for MMC cards using eight parallel data lines

B in the Dual Data Rate (DDR) mode

B MMC HS400 mode (200 MHz both edges)

B VDD EMMCO 1P8 3P3/ VDD EMMCO VSELECT 1P8 3P3
BAFEE N

Drivers/mmc/host/sdhci-esdhc-imx.c

static struct esdhc_soc_data usdhc_imx8qm_data = {

/*

* The flag tells that the ESDHC controller is an USDHC block that is
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* integrated on the i.MX6 series.
flags = ESDHC FLAG _ USDHC |
/* The IP supports standard tuning process */
ESDHC FLAG STD TUNING]|
/* The IP has SDHCI_CAPABILITIES 1 register */
ESDHC FLAG HAVE CAPI |
/* The IP supports HS200 mode */
ESDHC FLAG HS200|
/* The IP supports HS400 mode */
ESDHC FLAG HS400 |
/* The IP supports HS400ES mode */
ESDHC FLAG HS400 ES
/* The IP has Host Controller Interface for Command Queuing */
| ESDHC FLAG CQHCI
/* The IP state got lost in low power mode */
| ESDHC FLAG STATE LOST IN LPMODE
/* The IP lost clock rate in PM_RUNTIME */
| ESDHC FLAG CLK RATE LOST IN PM RUNTIME,

15
ERE P emmcIJREUT R (BL RS % emmc datasheet'5JESD84-B51:
Embedded Multi-Media Card (esMMC) Electrical Standard (5.1))

B JEDEC/MMC standard version 5.0-compliant
B VCCQ (dual voltage): 1.65-1.95V; 2.7-3.6V

[23:15] 11111 1111b 2.7-3.6V voltage range
[14:8] 000 0000b 2.0-2.7V voltage range
[7] 1b 1.70-1.95V voltage range

B HS200/HS400 mode with 1.8V IO
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7.4.59 DEVICE_TYPE [196]
This field defines the type of the Device.

Table 137 — Device types

Bit Device Type

7 HS400 Dual Data Rate esMMC at 200 MHz — 1.2 V /O

6 HS400 Dual Data Rate esMMC at 200 MHz — 1.8 VI/O

5 HS200 Single Data Rate esMMC at 200 MHz - 1.2 V /O

4 HS200 Single Data Rate esMMC at 200 MHz - 1.8 V I/O

3 High-Speed Dual Data Rate eeMMC at 52 MHz - 1.2 V /O

2 High-Speed Dual Data Rate eMMC at 52 MHz- 1.8 Vor 3 VI/O

1 High-Speed esMMC at 52 MHz - at rated device voltage(s)

0 High-Speed e*MMC at 26 MHz - at rated device voltage(s)

Device type DEVICE_TYPE | - [ v R | el [ s |
5 7

B Data strobe pin (HS400 need it but do not support HS400ES mode)

7.4.66 STROBE SUPPORT [184]
This register indicates whether a device supports Enhanced Strobe mode for operation modes that
STROBE is used (ie HS400).
Value “0x0” indicates No support of Enhanced Strobe mode
Value “0x1" indicates device supports Enhanced Strobe mode
7.4.67 BUS WIDTH [183]

It is sef to 0" (1 bit data bus) after power up and can be changed by a SWITCH command.
Bus Width, Normal or DDR mode and Strobe mode (for HS400) are defined through BUS WIDTH

register.
Table 144 — BUS WIDTH
Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 | Bitl Bit 0
Enhanced Strobe Reserved Reserved Reserved Bus Mode Selection
Bit 7:

0x0: Strobe is provided only during Data Out and CRC response [Default]
0x1: Strobe is provided during Data Out, CRC response and CMD Response

IRra-ser\;rr-:‘d ‘ - ‘ - | 1 ‘ TBD ‘ [184] -

Bus width mode BUS_WIDTH - 1 WIE_P [183] 00h
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B ECSD 72 % cmdq X%

| CMD Queuing Support | CMDQ SUPPORT [1 |R | [308]

Reserved - - 181 TBD [486:306] -

Bindings 3 £4:\Documentation\devicetree\bindings\mmc\mmc.txt H1AH A5 & -
1. bus-width: Number of data lines, can be <1>, <4>, or <8>
cd-gpios: Specify GPIOs for card detection, see gpio binding
wp-gpios: Specify GPIOs for write protection

Rl

no-1-8-v: when present, denotes that 1.8v card voltage is not supported on this system, even if the controller claims it
is.
eMMC HIEKBER T IOMUX b, — B AT ELERIF, eMMC YL IidiE, #ie kit
CMD, i eMMC P 4 K7 47%%: OCR,CID,CSD,ExtCSD kK 3kf% eMMC [¥1f% /1 GCFF LR,
MR, W%, BT, JAJ5454 host controller RE ST, F&E AR IS eMMC At Hy HELJE
gL, K ESIACE host FLEAMITERE, M, B4, I LAT4EU N eMMC 1o — AR ET
HHE, BT LIRS
W ORI N33V T, AR host/emme SHF 1.8V, 2 4E DTS il | no-1-8-v,
EEEAS K T ddr52 T: MMC_CAP2 DDR52 3 3V, hs200/hs400 disabled.
B R R T strobe pin, FEAS L NZ B N hs200, W1 R 475548 & hs400,3 host Y
hs400 DhagX$i. 7] LA eMMC [ datasheet ik — T ext_csd[196]:Device Type &F
1745, BELDEHRF hs200. 7 4MIR N T LUR S, HIE641E B A HRTH R -

mmcO0: new HS400 MMC card at address 0001
host controller %1 24 HS400 3 -

Drivers/mmc/host/sdhci-esdhc-imx.c

static struct esdhc_soc_data usdhc_imx8qm_data = {

// ESDHC_FLAG_HS400 |
// ESDHC_FLAG_HS400 ES

WO RE A R R AN, AT BA4E host controller Y flag Jef5i, LLaniii 2 HS400,
AT 245 HS200.

BRI R R SR E KR TEA @, 0] PAE dts i B bus-width = <4>;5H |
host controller /i ] 4bit 77 25 7], J/IME 5 2R X 55 B e B 5200

i.MX8X P % Bz AAS 5 52 fil
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B Cmdq4.14.98 BSP & 3 H#11), {H2 R LA 3] iMX8QXP MEK # I ] eMMC A3 #F
emdq, BT ELX AN D Re v] DA 78 0 Bk i, iR P B SR eMMC SCRFX AN I
Be, P ATREMTE, 7 LA host controller [ flag 2$7.
Drivers/mmc/host/sdhci-esdhc-imx.c

static struct esdhc_soc_data usdhc_imx8qm_data = {

// |ESDHC_FLAG_CQHCI...

LR, N 1iMX8QXP MEK #% /] uSDHC ] IOmux % &, FHE 5 H R FHEMILE, 1EE—
/> CD/WP [#] GPIO T fe BB M — T .

/arch/arm64/boot/dts/freescale/fsl-imx8qxp-mek.dtsi
pinctrl usdhcl 100mhz/ 200mhz: usdhc1grp100mhz /200mhz {

fsl,pins = <

pinctrl_usdhc2 gpio: usdhc2gpiogrp {
fsl,pins = <
SC P USDHC1 RESET B LSIO GPIO4 1019  0x00000021
SC P USDHC1 WP LSIO GPIO4 1021 0x00000021
SC P USDHC1 CD B LSIO GPIO4 1022 0x00000021

pinctrl usdhc2/ 100mhz/_200mhz: usdhc2grp/100mhz/200mhz {

fsl,pins = <

I8
/fusdhc2 A sdslot, 7€ X1 :
&usdhe2 {
pinctrl-names = "default", "state_100mhz", "state_200mhz";
pinctrl-0 = <&pinctrl _usdhc2>, <&pinctrl usdhc2 gpio>;

i.MX8X W IBNAE 5 2 il
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IE

pinctrl-1 = <&pinctrl usdhc2 100mhz>, <&pinctrl usdhc2 gpio>;

pinctrl-2 = <&pinctrl usdhc2 200mhz>, <&pinctrl usdhc2_ gpio>;

bus-width = <4>;//sdslot support 4bit

cd-gpios = <&gpio4 22 GPIO_ACTIVE_LOW>; //cd gpio 75 ZHfiilk iomux T4 % B A gpio
wp-gpios = <&gpio4 21 GPIO_ACTIVE_HIGH>;//wp gpio 5 ZH#fii\ iomux L4 ¥ BN gpio
vmme-supply = <&reg_usdhc2 vmme>;// IR 7 BRI BT T HIE

status = "okay";

/lusdhcl A emme 5E X U1K :
&usdhel {

6.5.1

140

pinctrl-names = "default", "state_100mhz", "state 200mhz";
pinctrl-0 = <&pinctrl_usdhcl>;

pinctrl-1 = <&pinctrl usdhcl 100mhz>;

pinctrl-2 = <&pinctrl_usdhcl 200mhz>;

bus-width = <8>;

non-removable; /ANE[# [k, FrLABAH cd HIEEE

status = "okay";

BN WAZ JE P LA A mme utility T BASE, Heaniiln T a4

mmc extcsd read /dev/mmceblk0

Mmc JEA I TEA A 240 R -

Menuconfig
CONFIG_MMC: % MMC 260X 2 HF: Device Drivers->MMC/SD/SDIO Card support

CONFIG_MMC_BLOCK: 34Jin%f MMC block % #% 13 ¥, 7] Fl T S R SCHF R G 82: Device
Drivers->MMC/SD Card Support->MMC block device driver

CONFIG_MMC_SDHCI:3fil1%§ SDHC host controller [] 37 #: Device Drivers->MMC/SD Card
Support-> Secure Digital Host Controller Interface support

CONFIG_MMC_SDHCI PLTFM:} jin%$ SDHCI on the platform specific bus ff 32 £F: Device
Drivers->MMC/SD Card Support-> Secure Digital Host Controller Interface support->~SDHCI
support on the platform specific bus

CONFIG_MMC_ESDHC IMX: #n%} i. MX USDHC #% [1 /] 37 ¥ : Device Drivers->MMC/SD
Card Support->Secure Digital Host Controller Interface support->SDHCI support on the platform
specific bus->SDHCI platform support for NXP eSDHC i.MX controller

i.MX8X P % Bz AAS 5 52 fil
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e CONFIG_MMC_UNSAFE RESUME:3 i} {4 F§ MMC/SD/SDIO R iR At R GE i AN AT

FE BRI SZ#F: Device Drivers->MMC/SD/SDIO Card support->Assume MMC/SD cards care
non-removable.

6.5.2 X MEAHD

Linux-4.14.98/drivers/mmc

[->card Wi mme block B # [ISCFFIREN A7 BN (Beis ) FURISSHKS), 41 MMC/SD R ik
k)

| [->Makefile: obj-$(CONFIG_MMC_ BLOCK) +=mmc_block.o
mmc_block-objs := block.o queue.o

| |->block.c\\X mme block 1% 7% i) S IR B))

|  |>queue.c

|->core\\mmc PHY S HF

| [->Makefile: obj-$(CONFIG_MMC) +=mmc_core.o
mmc_core-y := core.o bus.o host.o \

mmc.o mmec_ops.o sd.o sd_ops.o \
sdio.o sdio_ops.o sdio_bus.o \
sdio_cis.o sdio_i0.0 sdio_irq.o \

quirks.o slot-gpio.o

| |->core.c\\mmc PSSR IRBNEEA MMC HIH% 00 =, IXEB 50 58 A R B SCFERTE R SEBI, N
host JEFIH 2% 3K 5 2 Fe it 42 11 ek 3

.
[->host\WEt 3 AN [A] = A L3 ) SDHC. MMC 2 & O IK )y, 1K #7075 22l 3K 8 AR K 58 B
| |-> Makefile:

0bj-$(CONFIG_ MMC_SDHCI) += sdhci.o

0bj-$(CONFIG_MMC SDHCI PLTFM) += sdhci-pltfm.o

obj-$(CONFIG_MMC SDHCI ESDHC IMX) += sdhci-esdhc-imx.o
| |-=>sdhci.c:sdhci FRHE stack 18AY
| |->sdhci-pltfm.c: sdhci V-5 )2
| |>sdhci-esdhc-imx.c/h uSDHC X342 AHS

i.MX8X W IBNAE 5 2 il
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6.5.3 MMC 519 E K

File Systemn (Ex 2fsTAT driver) SDIOAFP

Appli afon Server imerface

blocloe: blocl:

driver for Elock Client Diraver {Storaze)
perip heral media. \ Chent Dyiver interface
core.c, sik.c, Etc s, mme,
Kindz of Buz Protocoel Drovers g
slin, ce-ata
amd 50 om.

Huost ¢ ontroller Daiver e face

sdhi ¢l sdhei-pltf. ¢

sdhei- esdhe-im.e Local Bus Interface

Host Conntroller
St Elecerical inerface
MMC /SD/SD
MMC/SDVSD I0/CE-ATA Devices I0CE-ATA

Devices

Figure 34-1. MMC Drivers Layering

6.5.4 MMC #1%44k
MMC 385} 75 9 T B2 SR M B2 85l PR U B SEHL P 1 2 o 1 A 4 A i 2
RGAEVIRALRS, 1E device tree FAHR), 26
usdhcl: usdhc@5b010000 {
compatible = "fsl,imx8qm-usdhc", "fsl,imx6sl-usdhc";
interrupt-parent = <&gic>;
interrupts = <GIC_SPI 232 IRQ_TYPE_LEVEL_HIGH>;
reg = <0x0 0x5b010000 0x0 0x10000>;
clocks = <&clk IMX8QXP_SDHCO0 IPG_CLK>,
<&clk IMX8QXP SDHCO CLK>,
<&clk IMX8QXP_CLK DUMMY>;

i.MX8X P % Bz AAS 5 52 fil
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clock-names = "ipg", "per", "ahb";
assigned-clocks = <&clk IMX8QXP_SDHCO0_SEL>, <&clk IMX8QXP_SDHCO DIV>;
assigned-clock-parents = <&clk IMX8QXP_CONN_PLL1 CLK>;
assigned-clock-rates = <0>, <400000000>;
power-domains = <&pd_conn_sdch0>;
fsl,tuning-start-tap = <20>;
fsl,tuning-step= <2>;
status = "disabled";

¥

&usdhel {

pinctrl-names = "default", "state_ 100mhz", "state_200mhz";

pinctrl-0 = <&pinctrl usdhcl>;

pinctrl-1 = <&pinctrl usdhcl 100mhz>;

pinctrl-2 = <&pinctrl usdhcl 200mhz>;

bus-width = <8>;

non-removable; /A A FERE, FTPAEE od ML E

status = "okay";

1
TN platform &4k, MEINEM T platform device.
VEM platform_driver 7£\linux-4.14.98\drivers\mmc\host\sdhci-esdhc-imx.c
module platform_driver(sdheci_esdhc imx_driver);
static struct platform_driver sdhei_esdhc_imx_driver = {

.driver ={
.name = "sdhci-esdhc-imx",
.owner =THIS MODULE,

.of match_table = imx_esdhc_dt ids,

.pm = &sdhci_esdhc_pmops,
3
.id _table=imx_esdhc_devtype,
.probe =sdhci_esdhc_imx_probe,
.remove = sdhci_esdhc_imx_remove,

1
sdhci_esdhc_imx_probe
|-> sdhci_pltfm_init

i.MX8X P % Bz AAG 5 52 fil
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6.6 LVDS LCD IRzh el

i.MX8QXP KB EiRF LR BR & iAW, —F2{FH MiPIDSI 8¢ LVDS &7
Y%, SRJEIEL LVDS 8¢ FPD-Link 55 HATLRERRIEH S, ARG BRI RF .

FAN Rl BRI BIGE, B F H ATE 0 (R R A 2 T B P LVDS 3%

fRIBE, LEangATIERIN BSP A A A ) -

arch/arm64/boot/dts/freescale/fsl-imx8qxp-mek-jdi-wuxga-lvds0/1-panel.dts (0 B 1 1] [X 5]

HZHA—% LVDS KAl Master i i #317)

{
IvdsO_panel {

compatible = "jdi,tx26d202vmObwa";
e
&Idbl {

fsl,