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i AP - Application Processor
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Rockchip AP Cores MCU Core
SoC Rockchip SoC
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1-2-1 1B 7T¥S

TEACFR B0 T, 3O 2 42 70 R G SCHF SoC R ) ARM Cortex-A /ML EEZHAZ O AT IZAT o
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1222 BT FEXE
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1.2.3 RK3568

1.2.3.1 b3 28 4% >
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Kernel 5.10
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ARM Cortex-AS55 ARM Cortex-M0

Kernel 5.10 N/A

RTT 3.1-32 RTT 3.1

RTT 4.1-32 RTT 4.1
HAL-32 HAL

Kb B AR % 0

4 x ARM Cortex-A72 + 4 x ARM Cortex-A53

ARM Cortex-A72

Kernel 6.1

N/A

N/A

1 x ARM Cortex-MO

ARM Cortex-A53 ARM Cortex-M0

Kernel 6.1 N/A
RTT 4.1-32 RTT 4.1
HAL-32 HAL
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Linux 3§
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4 x ARM Cortex-AS5
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Kernel 4.19
Kernel 5.10 N/A
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1252 BT FE

R FE B3 4% 0
Linux 3 #F
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1.2.6 RK3308
1.2.6.1 Jb 3 B % 0

AP AR R

AP
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Linux ¥

RTOS 3 #F
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1.3 7= i B+ 4

1.3.1 AP + AP EB|: B2k BEPHEE

ARM Cortex-A35
N/A
RTT 3.1-32

HAL-32

Ak 22 A3 % 0

4 x ARM Cortex-A35

ARM Cortex-A35
Kernel 5.10

RTT 3.1-32
RTT 4.1-32

HAL-32
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[E3-1-1 AP + AP . BhHiRFES

FFH, BT AP K TERERFYE, 7R TS0 REUALBESST, thRERMISITE MR S0 s i fd
FAAS: .

1.3.2 AP+ MCU 4. FHH#HLB[A

TEHAHALES A, BERS 24T Linux 540, 44N, U0 WiFi . Camera  Audio 55, SEIMIZ%iE
. MBI FORA PSR RS . AR BB AT SN R GE, R AN, 141 PWM L SPI. UART .
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2. 823 AMP SDK

2.1 B4

B O 2 4% A R G IR AL AMP SDK JEAS AN R o 3R ARE « HIEE N AMP SDK 2 H 3%,

— app

# Linux REGHF R
— buildroot # Buildroot RGHBPEHR
— debian # Debian R&GHPHEHZ
F— device # * AMP SDK ZwifAlAHIND B 1
— docs # * AMP SDK (%
— external # Buildroot R&AbANH
F— hal # * Bare-metal RA%FHRX
— kernel-* # * AFMRAMN Linux Kernel #mifHs%
F— prebuilts # o THE MG TR
— rkbin # * AMP SDK ¥ Hf) — kIS
— rtos # * RTOS RGHMPFEHZ
— tools # aMp SDK fHHM TR
F— u-boot # * U-Boot #miEHIE
F— uefi # uefi HWIFHZR
L— yocto # yocto RGiYmiFHZ

2.2 device HZF

device HFAFIH AMP SDK K4k HIAFMBIANCE . PL RK3562 A, FE S FAFE:

device/rockchip
|— common
| | build.sh
| L— scripts
| — mk-amp.sh
L— rk3562
— amp.its
— amp linux.its
I— amp mcu.its
A
L rockchip rk3562 xxx defconfig

AMP SDK %—4miFHA

RTOS / Bare-metal Zi—4wiFHAs

# RTOS + Bare-metal [EHFGEE M
# Linux + RTOS / Bare-metal [HfFF]ALECE LA
# Linux + RTOS / Bare-metal MCU [E{ffIGEEE

B PG B S A
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2.3 kernel H 3

kernel HFFEM Linux 2%, AMP SDK #2A4tFRYE ) Linux Kernel.

B B SR DL T «

OB Kernel 4.19 Kernel 5.10 Kernel 6.1
RK3588 v

RK3576 v
RK3568 v v

RK3562 v

RK3308 v

PL RK3562 Ffl, FECH-EHE:

kernel

— arch/armé64/boot/dts/rockchip

| — rk3562-amp.dtsi # AMP dtsi Xff

| L — rk3562-xxx-amp.dts # AMP dts HRZUMECE XM

I— drivers

| — mailbox # Mailbox MBS

| F— rpmsg # RPMsg H%[AIE(E HE

| I— soc/rockchip

| | L— rockchip_amp.c # BEERIG . AR A i LS
L— include

XfF Linux + RTOS / Bare-metal [1i217 /730, 1217 Linux R4 MIAZ%OULAHE N FERZ L ( Master Core )
TN 2L TR ARV EIER] 43 FMAZ L ( Remote Core ) FHE,

2.4hal B3

hal H3ETEH Bare-metal 2405, AMP SDK #2443+ RK HAL i {h-Hh % 2 BN LT K EE .

RK HAL /& —2&#F ARM CMSIS ( Cortex Microcontroller Software Interface Standard ) {45 il #8 B 422
CRRERIBE AR 2 )2 . 7 T DL E 48 RK HAL #£4T Bare-metal #RHL RS &, AT LAFHETF RK HAL
&AL TE 7€ 1) RTOS.

B P G SCRHE LR
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&R 2R AP HAL-32 MCU HAL

RK3588 v v
RK3576 v v
RK3568 v v
RK3562 v v
RK3358 v N/A
RK3308 v N/A

PL RK3562 M|, EECAELTE:

I— doc
| L— Rockchip User Guide HAL CN.md # RK HAL JFARICHY
— 1ib
— bsp # RGOSR E S
— cmsis # ARM (R AR E AR O E
I— Core # MCU AHIRICAF
— core a # AP 32 AR
— core A 64 # AP 64fIAHIRIAY
— Device/RK3562
I— Include
| | rk3562.h # RK3562 ZFfraniE XL
| }— soc.n # RK3562 & HHIE X

| L— system rk3562.h

L— source/Templates

i ccc & X4 L HuE
B AR 1

MCU & B30

AP JABNAF

AP MMU Map Ho&

|—— gcc_arm.ld

I— start m0.S
L startup rk3562.c

|

|

|

F— mmu rk3562.c
|— system rk3562.c

L— system rk3562 mcu.c

— bpsp # DSP HARICAF

s

L— RrIscv # RISC-v MM
L— hal

|— inc # ARERIK ) Sk S0

L src # ALK S) S
— middleware # Bare-metal RZH (A
| I— benchmark # VEREIA
| F— rpmsg-lite # RPMsg %[ALE(E /&
| L— simple console # Console
— project # Bare-metal ZRGt LFERHI
| — common
| | Y ccc
| | — Cortex-A.mk # AP I8 IECAF
| | I— Cortex-M.mk # MCU B SIFECHE
| | L— riscv.mk # RISC-V JBHg1ECIE
| — rk3562
| o
| | | | build.sh # AP XA
| | | — gcc arm.1d.s # AP HEEMIA
1

L Makefile # AP HwiF A
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|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
f
|
|
|
|
|
|
|
|

I— Image
| |— amp . img
| — amp.its

| I— amp linux.its

| I— halx.bin

| — halx.elf

| L— parameter.txt
I— mkimage.sh

L— src

|— hal conf.h
I— main.c
L test demo.c
rk3562-mcu
— ccc
| F— gcc bus m0.1d
| L— Makefile

I— mcu.elf

L parameter.txt

mkimage.sh

[T

src
I— hal conf.h

F— main.c

L test demo.c

2.5 rtos H

# FTEEH Bare-metal RS
# RTOS + Bare-metal [EFF]EEE X1
# Linux + RTOS / Bare-metal [Hf4H4] Ml E S

# oy XCRICE S
# AP [T R

# RK HAL fic & X
# Bare-metal ZRGinbl
# Bare-metal REIEHSINEERE]

# MCU BEIEHIA
# MCU ¥t

# FIHJEH) Bare-metal ZRGFEMF
# Linux + RTOS / Bare-metal MCU [H{4T4

¥ oy XRIEE

4=

H= oH oW 4

MCU [Fl {47 A

RK HAL [itE i

Bare-metal RGinfl
Bare-metal RIS IhEERG
Bare-metal RABEHLINIK A
Bare-metal ARG LHE

rtos HETEIMRTOS 2451, AMP SDK I ¥ RT-Thread -

RT-Thread A&+ H H EFF K BN ERGARE . EHLEECKHIITIE RTOS o RT-Thread - £ /2 — M SEY
BRGNP TFRITRE-XET IR G TR RT-Thread RHUOER
FELLHAR SRS

S A% 5 M R G b R L1 RT-Thread 45 T- RK HAL ¥ETI&RC. RK HAL SCAHE
bsp/rockchip/common/hal/lib » RTOS Device Driver Y 47E bsp/rockchip/common/drivers o

B P G SCRHFOLU R -
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ISR S AP RTT 3.1-32 AP RTT 4.1-32 MCU RTT 3.1 MCU RTT 4.1

RK3588 v v v v
RK3576 v v
RK3568 v v

RK3562 v v
RK3358 v N/A N/A
RK3308 v v N/A N/A

Pl RK3562 Afl, RT-Thread V4.1 FE 45

| L— mcu.elf
F— gcc_arm.1d.s # MCU FEEZHIA

— applications # AFLRRH

— bsp/rockchip # WRSCHA

| — common # AFLMEPLS DR AR S

| | |— drivers # RTOS Device Driver Xff
| | b— fwmgr [ A SR S A

| | F nhal # RK HAL ff

| | L— test # HEHLS D) Re A S

| — rk3562-32 # RK3562 AP 32fi

| | — applications # NP

| | — board # AR B S

| | |— driver # IXBhCHF

| | F— Image

| | | — amp.img # 5 RTOS / Bare-metal [Eff
| | | — amp.its # RTOS + Bare-metal [EF4TEME 1
| | | F— amp linux.its # Linux + RTOS / Bare-metal [M{H4THECE
fF

| | | I— rttx.bin

| | | |— rttx.elf

| | | — parameter.txt # X ERECE S

| | | L— smp.its # RTOS SMp [T LT & Ui
| | — test # MRS

| | | build.sh # AP HmiEHIA

| | F— gcc arm.1d.s # AP BEEHIA

| | F— hal conf.h # RK HAL fcE

| | |— Kconfig

| | — mkimage.sh # AP [EHAT A

| | b— rtconfig.h

| | I— rtconfig.py

| | |— SConscript

| | L sconstruct

| F— rk3562-mcu # RK3562 MCU

| | — applications # NSO

| | — board R W

| | F— driver # B

| | I— Image

| | | — amp.img # FTEJEM RTOS REE1F

| | | F— amp mcu.its # Linux + RTOS / Bare-metal MCU [&F4T6
e B A

| | I— mcu.bin

|

|



| F— hal conf.h # RK HAL McE i
| F—— Kconfig

| I— mkimage.sh # MCU [ TR A
| — rtconfig.h

| F—— rtconfig.py

| F—— SConscript

| L— sConstruct

L— tools # L

components

i

\l
/i

examples
include
libcpu
src

third party

(rrrrrr———

tools

2.6 u-boot H 3

u-boot HFAEH U-Boot Jifi%. AMP SDK 75 ZHE NN rk-amp.config F I U1 FACE

CONFIG_AMP=y
CONFIG_ROCKCHIP AMP=y

DL RK3562 J9f5l, AMP SDK AH e 3= B 45

arch/arm/mach-rockchip/rk3562/rk3562.c # S HIR S

drivers/cpu/rockchip amp.c # AMP JHBIT S
include/configs/rk3562 common.h # o iE F G B SO
R E:

2.7 rkbin B3

rkbin HRAFH AMP SDK B —3E#) 304, FES uboot HRMAMH .
DL RK3562 Jfil, AMP SDK AH¢ 1 EEE - 4AuFE.
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bin/rk35/rk3562_bl31 xxx.elf
bin/rk35/rk3562 bl31 cpu3 xxx.elf

RKTRUST/RK3562TRUST.ini
RKTRUST/RK3562TRUST_CPU3.ini

MR T

# B b131 X
# WIZEATIE CPU3 ¥ bl31 Cf

# 8 E
# WIZOBITE cpu3 [WECE SO



3. B38% ki E

3.1 o B 3o

TE4 % AMP SDK Ril, 555850315 S5m0 B S0«
3.1.1 & — 9w A B

AMP SDK Zmi*feE: FELFMFMA, RTOS Ml Bare-metal [ TFEAIE, LAKIEE TIEM AR E .
AMP SDK ERAECE AL T <AMP_SDK>/device/rockchip/.chip/rockchip xxx_defconfig , LB
BT

AMP RTOS / Bare-metal £k
RTOS / Bare-metal ffifi321u
64hifFH "arme4"

AP Bare-metal XM LFEHXA
AP RTOS XM LFEHZA

MCU Bare-metal XfM [ TFEH®%
MCU RTOS X[ THE H x4

i B e B A

AMP [E T EAC E S

RK_AMP=y
RK_AMP ARCH="arm"

RK AMP HAL TARGET="rk3562"
RK_AMP RTT TARGET="rk3562-32"
RK_AMP MCU HAL TARGET="rk3562-mcu"
RK_AMP MCU RTT TARGET="rk3562-mcu"
RK AMP CFG is not set

RK AMP FIT ITS="amp linux.its"

H H H= FH= = H H= FH H

RK_UBOOT CFG_FRAGMENTS="rk-amp" # MWJN AMP U-Boot config MiE CfF
RK_UBOOT TRUST INT is not set # fEFREER rkbin I FREHE E MIACE
(5

RK_PARAMETER="parameter.txt" # o XRECE S

AMP SDK it B W # ] make menuconfig MIJTEN, XM 20AT DL H 23 g0 3 22 2 (R K H R R
T A B TE U R

--- AMP (Asymmetric Multi-Processing System)
arch (arm) ---»

(rk3562) HAL target

(${RK_CHIP FAMILY}-32) RT-Thread target

(${RK_CHIP FAMILY}-mcu) MCU HAL target

(${RK_CHIP FAMILY}-mcu) MCU RT-Thread target

() config file

(amp.its) FIT ITS file

3.1.2 AMP B 43T 88 E X4

AMP [EFT @A FIARHER) FIT #8320,  FIT & RJ& U-Boot JRA i3t H =R . @IS0 ITS Bl B
1, XFHA81T RTOS / Bare-metal f) AMP AbFEE8#%.0, AILAZHFFEEMECE. L RK3562 A,
RK3562 BRI =Fh AMP B & 72!
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® amp linux.its :
®* amp.its :

® amp mcu.its :

3.1.2.1 amp_linux.its

Linux + RTOS / Bare-metal V25 #8% 7% . LL N7l RK3562 CPU3 MALigiT

14T Linux SMP .

/dts-v1l/;
/ A

Linux + RTOS / Bare-metal J& & #85 J7 %& .
RTOS + Bare-metal /B & #8E 77 & -

Linux + MCU RTOS / Bare-metal V& & #BE 7% .

description = "FIT source file for rockchip AMP";

#address-cells = <1>;

images {

# amp3 WAEAE cpul , HEAHEIBIZOIEML.

amp3 {
description = "rtt-core3";
data = /incbin/ ("rtt3.bin");
type = "firmware";
compression = "none";
arch = "arm";
cpu = <0x3>;
thumb = <0>;
hyp = <0>;
load = <0x01800000>;
compile {
size = <0x00800000>;
sys = "rtt";
core = "ap";
rtt config
}i
udelay = <10000>;
hash {
algo = "sha256";
}i
bi
}i
share {
BiEkR
shm base = <0x07800000>;
shm size = <0x00400000>;
rpmsg_base = <0x07c00000>;
rpmsg_size = <0x00500000>;

}i

configurations {
default = "conf";
conf {
description =

rollback-index

I 1 i £ 2

P WEBAN firmware
PR¥FFERIN none
fi 58 AL P 3 1) 4214
€ AP SR I 1D
il (SRR RS

J& 5E [ A IR ANE AT bk

GiERT IOECE, 4nid)a HahiERR
BAT ALK/
RTOS (rtt)
A FRERRZ A

or Bare-metal

H= FH H H= FH H H FH FH H H= FH

ap or mcu

= "board/rk3562 evbl lp4x/amp defconfig"

"Rockchip AMP images";

= <0x0>;

loadables = "amp3";

‘_T\}

signature {

algo =

"sha256,rsa2048";

# RENE AR ERES A O I

# 552 EE e BRI R

TREFMTEREAAE R

RTOS , HRAHERIZL

e b AR 5I81T Hypervisior

(hal)

# MIFENFILENFRE, MFEE

A R Ak
HEZ N AR

RPMsg JEE P IFHCan ik
RPMsg ZEE 17K/

HH= FH H H

# TREBINE

LUB AR Sh i
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padding = "pss";

key-name-hint = "dev";
sign-images = "loadables";
}i
/* — run linux on cpu0

* - it is brought up by amp(that run on U-Boot)

* - it is boot entry depends on U-Boot
@/
linux { # T Linux BEIE

description = "linux-os";
arch = "arm64";
cpu = <0x000>;
thumb = <0>;
hyp = <0>;
udelay = <0>;
# AMP [EFINEABWRYE Linux Kernel MMZRALE M2, BT IR
load = <0x2000000>; # Linux Kernal MN#AIE
load_c = <0x4880000>; # R4 Linux Kernel JN#ERAIE

3.1.2.2 amp.its

RTOS + Bare-metal JE & #0272, LLF 014 RK3562 CPU1 J37IZ4T RTOS , H A FREAZ AT IE
47 =/ Bare-metal »

/dts-vl/;
/A
description = "FIT source file for rockchip AMP";

#address-cells = <1>;

images {
amp0 {
description = "bare-metal-core(O";
data = /incbin/ ("rtt0.bin");
type = "firmware";
compression = "none";
arch = "arm";
cpu = <0x0>;
thumb = <0>;
hyp = <0>;
load = <0x02000000>;
udelay = <10000>;
compile {
size = <0x00800000>;
sys = "hal";
}i
hash {
algo = "sha256";
}i
}i
ampl {
description = "rtt-corel";
data = /incbin/ ("rttl.bin");
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}i

type = "firmware";

amp2 {

}i

amp3 {

}i

share {

compression = "none";
arch = "arm";
cpu = <0x1>;
thumb = <0>;
hyp = <0>;
load = <0x00800000>;
udelay = <10000>;
compile {
size = <0x00800000>;
sys = "rtt";
}i
hash {
algo = "sha256";
}i
description = "bare-metal-core2";
data = /incbin/ ("rtt2.bin");
type = "firmware";
compression = "none";
arch = "arm";
cpu = <0x2>;
thumb = <0>;
hyp = <0>;
load = <0x01000000>;
udelay = <10000>;
compile {
size = <0x00800000>;
sys = "hal";
}i
hash {
algo = "sha256";
}i
description = "bare-metal-core3";
data = /incbin/ ("rtt3.bin");
type = "firmware";
compression = "none";
arch = "arm";
cpu = <0x3>;
thumb = <0>;
hyp = <0>;
load = <0x01800000>;
udelay = <10000>;
compile {
size = <0x00800000>;
sys = "hal";
}i
hash {
algo = "sha256";

}i

shm base = <0x07800000>;



shm size =

}i

configurations {
default = "conf";
conf {
description =

rollback-index

loadables =

signature {

lvampo " ,

<0x00400000>;

"Rockchip AMP images";

= <0x0>;

"ampl " ,

algo = "sha256,rsa2048";

padding = "pss";

key-name-hint =

sign-images

}i

3.1.2.3 amp_mcu.its

Linux + MCU RTOS / Bare-metal 18 &

=

4T Bare-metal AMP .

"dev" ;

= "loadables";

" amp2 1] ,

vvamp3 " ;

MBI R, LR RN RK3562 AP 3247 Linux SMP ,

MCU Jharia

# MCU BN standalone

# ALIR AL 0

/dts-vl/;
/A
description = "Rockchip AMP FIT Image";
#address-cells = <1>;
images {
mcu {
description = "mcu";
data = /incbin/ ("./rtt.bin");
type = "standalone";
compression = "none";
arch = "arm";
load = <0x08200000>;
udelay = <1000000>;
compile {
size = <0x00800000>;
sys = "hal";
core = "mcu";
}i
hash {
algo = "sha256";
i
}i
}i
share {
shm base = <0x07800000>;
shm size = <0x00400000>;
rpmsg_base = <0x07c00000>;
rpmsg_size = <0x00500000>;

}i

I .

G g

ap or

mcu
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configurations {

default = "conf";
conf {
description = "Rockchip AMP images";

rollback-index = <0x0>;

loadables = "mcu";

signature {
algo = "sha256,rsa2048";
padding = "pss";
key-name-hint = "dev";

sign-images = "loadables";
}i

bi

R EEAEOCMEZ AN RGN, TEMNIST AN AT GBI, DU S bR

3.1.3 HBIECE U

HE SoC V& T EHIME <amMp SDK>/device/rockchip/.chip/S$RK_AMP CFG FiBIECE 1. il
BB SIS EEE export BRI R T, FHBHETHZE.

BIUN{E RK3308 /', L= LOG ThRe T E bl FECE -

## 3T RTT config

## 3$3% Share Memory config
RTT SHLOGO_SIZE=0x00001000
RTT SHLOG1 SIZE=0x00001000
RTT SHLOG2_ SIZE=0x00001000
RTT SHLOG3 SIZE=0x00001000

## %H3%E HAL config

## #ZH3F Share Memory config same as RTT
SHLOGO_SIZE=SRTT_SHLOGO_SIZE

SHLOGl SIZE=$RTT SHLOGl SIZE

SHLOG2 SIZE=SRTT SHLOG2 SIZE

SHLOG3 SIZE=SRTT SHLOG3 SIZE

3.1.4 X REEE X

TEFF RIS FE, % ZEARYE S b Al A7 A o 25 2 /N AMIP [ K /NS5 R R 4 (X SR
FEMEK o X KL B S parameter.txt o 77 X KL E SCAFAE:

<AMP_SDK>/device/rockchip/.chip/$RK PARAMETER o %ﬁﬁﬂﬁ}ﬁ{ﬁ%iﬁ?ﬂ start@size (part name)
, M sector (512 Byte) o Bl m—A~ 2M 1) amp 4 [X :
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CMDLINE:
mtdparts=:0x00002000@0x00004000 (uboot), 0x00002000@0x00006000 (misc), 0x00020000@0x0
0008000 (boot) ,0x00001000@0x00028000 (amp) , 0x00040000@0x00029000 (recovery), 0x000100
000@0x00069000 (backup) ,0x01c00000@0x00079000 (rootfs),0x00040000@0x01c79000 (oem) , —
@0x01cb9000 (userdata:grow)

5 FH BV AS I BT (¥ amp 23 [X -

./build.sh list-parts

Partition table

at
at
at
at
at
at
at
at

0x00004000
0x00006000
0x00008000
0200028000
0x00068000
0x00078000
0x01c78000
0x01cb8000

size=0x00002000
size=0x00002000
s1ze=0x00020000

uboot (4
(4
(
s1ze=0x00040000 (
(
(
(

M)

M)
64M)
128M)
32M)
14G)

128M)

misc
boot
recovery
s1ze=0x00010000
size=0x01c00000
s1ze=0x00040000

size=-(grow)

backup
rootfs

oem

0 J o U W N

userdata

./build.sh insert-part:4:amp:2M
./build.sh list-parts

Partition table

at
at

0200004000
0x00006000
0x00008000
0x00028000

uboot
misc
boot at

at

size=0x00002000
size=0x00002000 (4M)
size=0x00020000 (64M)

M)

amp
at
at

0200029000
0x00069000
0x00079000
0x01c79000
0x01cb9000

recovery si1ze=0x00040000 (128M)
size=0x00010000 (32M)
s1ze=0x01c00000 (14G)
s1ze=0x00040000 (128M)

(grow)

backup
at
at
at

(4
(4
(
size=0x00001000 (2M)
(
(
rootfs (
(

oem

O O J o U W N

userdata size=-

3.2 g4
321 &—HmiFamd

AMP SDK Zi—4mF a0~ , SCRF—8m T 85 IhgE

sh
sh
sh
sh
sh
sh
sh
sh

#®H soc FH
JEREER A B S
— B T B
YR TIE U-Boot
B 2
B 1R
BERITA
BN

./build.
./build.
./build.
./build.
./build.
./build.
./build.
./build.

chip

lunch

uboot
Linux Kernel

RTOS / Bare-metal

kernel
amp
cleanall
help

H H H H = H H FH

./build.sh amp 23HL AMP BT BECE X, H3)5ER amp.img FI4%FEAT .
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3.2.2 R F A S

A LA AMP SDK Bt 3R BE A 1K) build info.txt FREUSANHARI) RIS B 2 o

3.2.2.1 Linux Kernel 47 ¥ 7 4

Linux Kernel /F N7 204 S gm 3R B, DL RK3562 AP N, SE AW R:

cd <AMP_SDK>/kernel

export ARCH=armé4 # FREACTE R ZER
export CROSS COMPILE="path to compiler" 4 FRE g LR

## 3T

export CROSS COMPILE=../prebuilts/gcc/linux-x86/aarch64/gcc-arm-10.3-2021.07-
x86 64-aarch64-none-linux-gnu/bin/aarch64-none-linux-gnu-

make rockchip linux defconfig # IR HIRACE

make rk3562-evbl-lp4x-vl0-linux-amp.img -j8 # YmiFEiEE dts WRAHLE

3.2.2.2 RT-Thread %%y 4

RT-Thread /5 A2 A i gm 36, DL RK3562 AP A, %445

cd <AMP_SDK>/rtos/bsp/rockchip/rk3562-32/
./build.sh <cpu id 0~3 or all>

. /mkimage.sh
scons -3j8

scons -—-cC

3.2.2.3 RK HAL %% 4

RK HAL {E M7 444 spligm 6 A, A RK3562 AP NI, &4 unR:

cd <AMP_SDK>/hal/project/rk3562/GCC
./build.sh <cpu id 0~3 or all>
el oo

. /mkimage.sh

make -j8

make clean

3.2.2.4 U-Boot Jr % fr &

U-Boot {E 7 H A g ey, LA RK3562 A, ZF%dr ST :

cd <AMP_SDK>/u-boot/
make rk3562 defconfig rk-amp.config

./make.sh
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o BT B AR R tkbin , FIA0RT U247 7E CPU3 LA rkbin , ZHE a4 UIT:

cd <AMP_SDK>/u-boot/
make rk3562 defconfig rk-amp.config
./make.sh ../rkbin/RKTRUST/RK3562TRUST CPU3.ini

FHRE Y

JA %




4. FHAFE FIRKI )

4.1 RGN

4.1.1 AP + AP RZ4EH

I ORI ARG, ¥ AP + AP 2448843 N Linux + RTOS / Bare-metal il RTOS + Bare-metal
. 1F Linux + RTOS / Bare-metal R40420) 1, 1E1T Linux FIACELEAZ OE AT ( Master Core ) » 12

1T RTOS / Bare-metal [{J4bFEE84% 0o E WM AZ ( Remote Core ) » fE RTOS + Bare-metal RG24 H, 55—
N BB ERAZ O E N ER ( Master Core ) o B BB ZOME NMIZ ( Remote Core ) « EAZ 5T

BN ZRAM ARG T IR RRN RIS, IFeiT B RS

Master Core Remote Core
CPUO AL S
CPU3
CPU1 CPUZ2 -
. RTOS /
Linux Bare-metal
AEFEHAIR ETHEF HARE
AME IR 2l S | ipgay

4-1-1 Linux

+ RTOS / Bare-metal Z&t5854
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Master Core ZiaE s Remote Core
CPUM —— CPUO
Remote Core >< Remote Core
CcPU2 — CPU3

REFAR ETHF HERF

HMRAIR Gl i 5 | A

4-1-2 RTOS + Bare-metal Z&15819

4.1.2 AP+ MCU &% 21

RO EZZ AR ARG T, AP +MCU R44444 Linux + MCU RTOS / Bare-metal . i&47 Linux [#] AP
M PREERZCME N ER ( Master Core ) » 354T RTOS / Bare-metal [] MCU AbFR25#% Co/E A MAZ ( Remote
Core ) o FEEM BN ZEAMAG T HERFERL S MEH, FFETEERSET

Master Core Remote Core

CPUO CPU1 || ¥EHE(E

MCU
CPU2 CPU3 =
. RTOS /
Linux Bare-metal
AERIR IETHF HAWEF

HMREIR Gl 5 | A

4-1-3 Linux + MCU RTOS / Bare-metal Z&551
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4.2 Linux Kernel Z{FEC B

4.2.1 Linux Kernel i B {4
4.2.1.1 DTS #8334

Linux Kernel FIZEACE 7E DTS XA, FSSMEZ T RAGR DTS XN rkxxxx-evbxxxxx-
amp.dts, JHELE rkxxxx-amp.dtsi, FIUl:

arch/arm64/boot/dts/rockchip/rk3562-amp.dtsi
arch/arm64/boot/dts/rockchip/rk3562-evbl-1p4x-v10-linux—-amp.dts

rk3562-amp.dtsi s& Linux Kernel FRAE i B 2 4% 54 R G L = B RIN

/A
rockchip amp: rockchip-amp {
compatible = "rockchip,amp";
/* nMp HEIB B EIR */
clocks = <&cru FCLK BUS CMO CORE>, <&cru CLK BUS CMO RTC>,
<&cru PCLK MAILBOX>, <&cru PCLK INTC>,
<&cru SCLK _UART7>, <&cru PCLK UART7>,
<&cru PCLK TIMER>, <&cru CLK TIMER4>, <&cru CLK TIMERS>;
/* nMp HZIR) SRR */
pinctrl-names = "default";
pinctrl-0 = <guart7ml xfer>;
/* BMP JHEIRJHIBTEEIR */
amp-cpu-aff-maskbits = /bits/ 64 <0x0 0x1 Ox1l 0x2 0x2 0x4 0x3
0x8>;

amp-irgs = /bits/ 64 <GIC_AMP IRQ CFG_ROUTE (147, 0xdO,
CPU_GET AFFINITY (3, 0))>;

status = "okay";
}i

4.2.1.2 AMP 3R 5l #H 5% 4

AMP JXBNAHR M. <AMP SDK>/kernel/drivers/soc/rockchip/rockchip amp.c

//

// SEHEE avp WHRIETEIR, BocIc IKSNAH
static void amp gic get irgs config(struct device node *np, struct amp gic ctrl s
*amp ctrl)
{
//

static int rockchip amp probe (struct platform device *pdev)

{
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/0 oo-

/) SEHET aMp R EhEEIE
rkamp dev->num clks = devm clk bulk get all (&pdev->dev, &rkamp dev->clks);

// HEPEH AMP HIfE R IR
rkamp_dev->num_pds =
of count phandle with args(pdev->dev.of node, "power-domains",
"#power-domain-cells") ;
// EHER aMp B0 BIR, WUZOREAEE R, Glgr, O%, FEAEHRE
cpus_node = of get child by name (pdev->dev.of node, "amp-cpus");

70 oo-

// SIFEIE, fEH rockchip amp probe HI, B pinctrl IRFNEATAEEET .

static const struct of device id rockchip amp match[] = {
{ .compatible = "rockchip,amp" }, // Ml DTS CH-HIJEMEX N
//

4.2.2 Linux Kernel N 7 & R
4221 BITHEFEE
DRAM s& RA A iz4T W47 . Linux Kernel BRiA &K BT DDR ZEIEARYE N DRAM [, FibZ#ZR

W24, FFEALE Linux Kernel DTS |, ¥ HAh 24 # DRAM 7 B {8 H5k.

Pl RK3562 9l

/A
reserved-memory {
/* rk3588-amp.dtsi */
/* mcu address */
mcu_reserved: mcu@8200000 {
reg = <0x0 0x8200000 0x0 0x100000>;
no-map;
}i
/* rk3588-evbl-1p4-v10-linux-amp.dts */
/* ap address */
amp_reserved: amp@800000 {
reg = <0x0 0x01800000 0x0 0x00800000>;
no-map;
}i
}i
}i
4222 HENFEE

Share Memory &% R4 032 HAZ H %A . Linux Kernel BRil &K BT DDR #iHARE N DRAM 1§/,
Ft 2Rt 24+, FFETE Linux Kernel DTS |, 4 Share Memory £ 8 3K .

R I B #ES Linux Kernel DRAM Bl & —3, HIEANELRIA],
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Pl RK3562 il

/A
reserved-memory {
/* rk3588-amp.dtsi */
rpmsg reserved: rpmsg@7c00000 {
reg = <0x0 0x07c00000 0x0 0x400000>;

no-map;

4.2.3 Linux Kernel %M % % J&

Linux Kernel BRUCK T A O B #E X3 7 DTS 1, B, 24 AMP 75 2 4E Linux Kernel 2 #Mii F 4M%
FUR, TEDE DTS X B e, K5 Rik4s AMP Il KRG

T L RK3562 EVBI 1, Linux Kernel # [2C1 & #5145 RTOS 1% 941 :

e F rk3562.dtsi 1, 12C1 15 o

i2cl: 12c@ffa00000 { /> PR T
=Y

compatible = "rockchip,rk3562-i2c¢", "rockchip,rk3399-i2c";

reg = <0x0 0xffa00000 0x0 0x1000>;

clocks = <gcru CLK I2Cl>, <&cru PCLK I2C1l>; /* BEhE
=/

clock-names = "i2c", "pclk";

interrupts = <GIC SPI 13 IRQ TYPE LEVEL HIGH>; /* HrE A
=Y

pinctrl-names = "default";

pinctrl-0 = <&i2clm0 xfer>; /* 55 A
*/

#address-cells = <1>;

#size-cells = <0>;

status = "disabled";
}i

M DTS /1, 12C1 FIRIERCEH, PJPAER] 12C1 FHEA R .

- ST
- ST
. BPRPEIR

SE7E DTS 4% 12C1 BIE <
&i12cl {

status = "disabled";
}i
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4.2.3.1 P E

i 12C1 BRI YR, nE| rockchip-amp ] amp-irgs A

/A
rockchip amp: rockchip-amp {
compatible = "rockchip,amp";
/]

/* nMP HIFIRIh Bt +/
= amp-irgs = /bits/ 64 <GIC AMP IRQ CFG ROUTE (147, 0xdO,
CPU GET AFFINITY (3, 0))>;

+ amp-irgs = /bits/ 64 <GIC_AMP IRQ CFG _ROUTE (147, 0xd0,
CPU_GET AFFINITY (3, 0)
+ GIC AMP IRQ CFG ROUTE (45, 0xd0,

CPU_GET AFFINITY (3, 0))>;
// ¥ 1201: 45 = 1201 HMF 13 + [EEWE 32

}i

ERE: BHRS, M anp-irgs 91 PTG Z AN EE W32,

4232 5| A B

¥ 12C1 BI5I IEEIR, i3 rockehip-amp 15 &

/A
rockchip amp: rockchip-amp {

compatible = "rockchip,amp";
/]
/* aMp FHEIRFIIBIR */
pinctrl-names = "default";

= pinctrl-0 = <guart7ml xfer>;

+ pinctrl-0 = <&uartml xfer>, <&i2clm0 xfer>;

7§ cocooo

}i

EE: BT SIS IR AT REAT 2 AL, B SERR A B AL BEAT TR AN -

4233 HECE

s PWMI I W28, I3 rockchip-amp 9 A H:

/A
rockchip amp: rockchip-amp {
compatible = "rockchip, amp";
/]

/* nMP FIFIRIRBHETIR */

clocks = <&cru FCLK BUS CMO CORE>, <&cru CLK BUS CMO RTC>,
<&cru PCLK MAILBOX>, <&cru PCLK INTC>,
<&cru SCLK_UART7>, <&cru PCLK_UART7>,
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= <&cru PCLK TIMER>, <&cru CLK TIMER4>, <&cru CLK TIMERS>;

+ <&cru PCLK TIMER>, <&cru CLK TIMER4>, <&cru CLK TIMER5>,

+ <&gcru CLK I2Cl>, <&cru PCLK I2C1>;

/]
¥
i
<

4.3 RTOS HFEAC B
4.3.1 RT-Thread Bt & 3 {4

WERYL, SRR LY, SR IMRHEACE, A LAY, #id scons-menuconfig 54 1%
Il CONFIG_RT_BOARD NAME FCLE, i&3|[F— THEEN 2 MRT IR K.

K, RT-Thread it & K N A0

<AMP SDK>/internal/rk3588/rtos/bsp/rockchip/rk3562-32/
F—— applications

— board

| F— common + B E

| F— Kconfig

| F— rk3562 evbl lp4x # RHAECE

| L— sconscript

— build.sh # GMEEIA, WAL E
[—

o JHFECE Y O MEMEE, N TREVIEMR, NITAERE TR

o LB EL 7. WAME, NEMER FRCEMEIhAE, i GPIO. UART. 12C %%,

o PmPFEMA: MY LLSEIGR IR M RGiES, IRIERIERNmIETE S . A build. sh AR, Z
BOTPLE B E AT build.sh . Bl export FFEHIFSEE, FH scons %,

4.3.1.1 B AH 2= 304
RT-Thread TFEZRNCE, WIIHEHEKE, PAARFKBCE.
i i B S

## HaE BARE

<AMP_ SDK>/rtos/bsp/rockchip/rk3562-32/board/common/board base.c
<AMP_SDK>/rtos/bsp/rockchip/rk3562-32/board/common/iomux base.c

HRCE, € ST REE IR BRI A ERBE (F SR RN SR K& R _weak € X, JifEM U E
2 e B AT R N )


af://n535
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RT WEAK const struct clk _init clk inits[]; // S5 LG, T DAER R B
T E X

RT WEAK void rt hw iomux config(void); // 395E LERH, T AFERR T B
/A / /- AR 55 5 SCRIEAS— B
A——F1|2%

void rt hw board init(void)
{
[/ .. WG, AEEK
PR R TC B SR -
# H4E IRANE

<AMP_SDK>/rtos/bsp/rockchip/rk3562-32/board/rk3562 evbl lpdx/board.c
<AMP_SDK>/rtos/bsp/rockchip/rk3562-32/board/rk3562_evbl lpdx/iomux.c

AR ES, WHTEN RT_weak BHIESEATHEE L.

// <AMP_ SDK>/rtos/bsp/rockchip/rk3562-32/board/rk3562 evbl lp4x/iomux.c

void rt hw iomux config(void)
{
/] ...

4.3.1.2 9% ¥ H % X1

RT-Thread /] scons 4mi¥, 4miFus M) CHE:

cd <AMP_SDK>/rtos/bsp/rockchip/rk3562-32/

rk3562-32/rtconfig.h # YAl I E S

rtconfig.py # IR, goEdmiFEEAE, MFEGSIMEASHE
SConscript # SCONS #E# it

SConstruct # SCONS & it

build.sh # RT-Thread AP Core MRIHEZIPEMA, McU core WHI
JEIA

AP Core ffifl] ./build.sh &M, MCU Core, /] make 4 5E4m %,

4.3.2 RT-Thread A £ & I8

RT-Thread B NAF4EC,  HE 4w 3 BOBEHE SO0 B .

<AMP_SDK>/rtos/bsp/rockchip/rk3562-32/gcc_arm.1d.sS
<AMP_SDK>/rtos/bsp/rockchip/rk3562-mcu/gcc_link.1d.S
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4321 AP BITHFRE

/* cat <AMP_SDK>/rtos/bsp/rockchip/rk3562-32/gcc_arm.1ld.S */

MEMORY
{
SRAM (rxw) : ORIGIN = 0xfe480000, LENGTH = 64K /* SYSTEM SRAM */
DRAM (rxw) : ORIGIN = FIRMWARE BASE, LENGTH = DRAM SIZE /* DRAM */
SHMEM (rxw) : ORIGIN = SHMEM BASE, LENGTH = SHMEM SIZE /* shared memory
for all cpu */
LINUX RPMSG (rxw) : ORIGIN = LINUX RPMSG BASE, LENGTH = LINUX RPMSG SIZE

## 4% cat <AMP_SDK>/rtos/bsp/rockchip/rk3562-32/rtconfig.py

e MR, % build.sh WARM gec arm.1d.s X

CFLAGS += ' -DFIRMWARE BASE={a} -DDRAM STIZE={b} -DSHMEM BASE={c} -DSHMEM STZE={d}
-DLINUX RPMSG BASE={e} -DLINUX RPMSG SIZE={f}'.format (a=PRMEM BASE, b=PRMEM SIZE,
c=SHMEM BASE, d=SHMEM STIZE, e=LINUX RPMSG BASE, f=LINUX RPMSG STZE)

#4# 4T cat <AMP SDK>/rtos/bsp/rockchip/rk3562-32/build.sh

export RTT PRMEM BASE=$(eval echo \$CPU$1 MEM BASE) /* DRAM JRIRFIE */
export RTT PRMEM SIZE=$ (eval echo \$CPU$1 MEM SIZE) /* DRAM &R/ */
export RTT SHMEM BASE=0x07800000 /* shared memory
ALIRRLE */

export RTT SHMEM SIZE=0x00400000 /* shared memory
BRI */

export LINUX RPMSG BASE=0x07c00000 /* rpmsg A E
*/

export LINUX RPMSG SIZE=0x00500000 /* rpmsg &K/
*/

RT-Thread AP Core I FHCE, 4T gec arm.1d.s 1, NT HEHFEE, HMoS5H BT
rtconfig.py #AF build.sh 1, HIEMIFEL.

AP Core HiC & Fhb(5 5, BIfFE S DDR 4 #E HihE(E B
DRAM T LT puild. sh RIS EUHTHLE

CPU3_MEM BASE=0x01800000
CPU3_MEM SIZE=0x00800000

export RTT PRMEM BASE=$ (eval echo \$CPU$1 MEM BASE) /* DRAM jEIALLE
*/
export RTT PRMEM SIZE=$(eval echo \$CPU$1 MEM SIZE) /* DRAM Z¥HE K/
*/

DL B, XM gec arm.1d.s [ DRAM X3
DRAM (rxw) : ORIGIN = FIRMWARE BASE, LENGTH = DRAM SIZE /* DRAM */

BELWAE, @it rtconfig.py Ak,
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4322 AP EE RN FEE

DL N A7 LINUX_RPMSG AHlF, FF27E gee_arm.1d.s HE X LA N

MEMORY {
LINUX RPMSG (rxw) : ORIGIN = LINUX RPMSG BASE, LENGTH = LINUX RPMSG SIZE

.linux share rpmsg (NOLOAD) :
{

PROVIDE (_ linux share rpmsg start = .);
. += LINUX RPMSG SIZE;
PROVIDE (. linux share rpmsg end = .);

} > LINUX RPMSG

AfAEACHS H, ELE3RE S| LINUX_RPMSG (43 bt $5 4

/* <AMP_ SDK>/rtos/bsp/rockchip/rk3562-32/board/common/rpmsg base.h */

/* RPMSG share memory infomation */

extern uint32 t _ share rpmsg_start_ [];

extern uint32 t  share rpmsg end [];

#define RPMSG MEM BASE ((uint32 t)& share rpmsg start )

#define RPMSG MEM END ((uint32 t)& share rpmsg end )
4323 MCU i8fT W17 EC B

/* cat <AMP_SDK>/rtos/bsp/rockchip/rk3562-mcu/gcc_link.1ld.S */

MEMORY

{
DDR (rxw) : ORIGIN = 0x00000000, LENGTH = 512K /* DRAM */

/* cat <AMP_SDK>/rtos/bsp/rockchip/rk3562-mcu/Image/amp.its */
/A

images {
mcu {
7060
load = <0x08200000>;
Il oo

}i
}i

RT-Thread MCU Core [{IN/ZECE, H gcc_link.1d.S Fl amp . its LA SEHK

MCU Core % AP Core AN [a] I 77T, MCU Core [ ZIE, #t2 MCU Core 11 0 Hudik. FFLA,
MCU Core & Z|ffthhl, FNESLYFR R R AFAAE — A [ 2 WA

/* cat <AMP_SDK>/rtos/bsp/rockchip/rk3562-mcu/gcc_link.1ld.S */

MEMORY
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DDR (rxw) : ORIGIN = 0x00000000, LENGTH = 512K /* DRAM */

/* cat <AMP SDK>/rtos/bsp/rockchip/rk3562-mcu/Image/amp.its */

/A
images {
mcu |
/...
load = <0x08200000>;
Y

PLEJEIRIF, Fts2ts RT-Thread MCU DRAM 1 & EYBEE 008200000 , FEK/IML S12KIFH] T

4324MCU XEXNERE

LAl RK3562 RT-Thread MCU ¥ 3L 7 LINUX_RPMSG NHIF, 7 EAE gec_arm.1d.s FE XLLF
N2

/* cat <AMP SDK>/rtos/bsp/rockchip/rk3562-mcu/gcc link.1ld.S */

MEMORY {
/] ...
LINUX _RPMSG (rxw) : ORIGIN = 0x00100000, LENGTH = 0x00500000
}
/...

.linux_share_rpmsg (NOLOAD) :

{
PROVIDE (_ linux share rpmsg start = .);
. += LINUX RPMSG_SIZE;
PROVIDE (. linux share rpmsg end = .);

} > LINUX RPMSG

/* cat <AMP SDK>/rtos/bsp/rockchip/rk3562-mcu/Image/amp.its */

/A
images {
mcu {
10 oo
load = <0x08200000>;
Il ooe

w

PL_ESIFH, LINUX RPMSG [ HibEN %2 0x08300000 = 0x08200000 + 0x00100000 . 2
K/ 0x00500000 byptes (SM byptes).

ARG, [FFERTLAZREL LINUX_RPMSG {58 fF2ERE, MCU H, FraHbbE S, #0E DL A BN
bk A RS (1 o
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/* RPMSG share memory infomation */

extern uint32 t  share rpmsg start [];

extern uint32 t  share rpmsg end [];

#define RPMSG MEM BASE ((uint32 t)& share rpmsg start ) /* 0x00100000
*/

#define RPMSG_MEM END ((uint32 t)& share rpmsg end ) /* 0x00500000
*/

Zain: Isf: RISC-V & —#.

4.3.3 RT-Thread 4} %% I8

DL RK3562 #sI 12C1 BYE A1, B @Al fERT-Thread -P A8 Il — N A A AR B

4.3.3.1 AP F i B

Zain: Isf: 3800 FF Wi 7T B

MR R MCU L, EREEET. MCU K RMILK NVIC 688, FHEEREN
i .

] irgsConfig H, 75 BHFEZEMNR 12C1 HH .

// <BMP SDK>/rtos/bsp/rockchip/rk3562-32/board/common/board base.c

// F&issTiE cpu3z b, W cpu3 HJEMR 12C1 il

#define CUR _CPU 3

static struct GIC AMP IRQ INIT CFG irgsConfig[] =

{
//
GIC AMP IRQ CFG ROUTE (I2C1 IRQn, 0xd0O, CPU_GET AFFINITY (CUR CPU, 0)),
//

4.3.3.2MCU FHEC B

5 MCU H#ERHHE NVIC i, HAR B FEE INTMUX # 11,

<AMP_ SDK>/hal/project/rk3562/src/test demo.c

// NVIC $:H74]

/**********************************************k*/

/* */
/* SOFTIRQ TEST */
/* */

/*******~k****************************************/
#ifdef SOFTIRQ TEST
static void soft isr(void)

{

printf ("softirg test: enter isr\n");
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static void softirg test (void)

{
printf ("softirg test start\n");
HAL NVIC SetIRQHandler (RSVDO MCU IRQn, soft isr);
HAL NVIC EnableIRQ(RSVDO MCU IRQn);

HAL DelayMs (4000) ;

HAL NVIC SetPendingIRQ(RSVDO MCU IRQn);
}
#endif

// INTMUX %751

/******‘k‘k*‘k‘k‘k‘k‘k‘k‘k‘k***********‘k*******************/

/* */
/* GPIO_TEST */
/* */

/*****‘k‘k‘k*‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k******‘k‘k‘k********************/

#ifdef GPIO TEST

{

/* Test GPIO interrupt */
HAL GPIO SetPinDirection(GPIOl, GPIO PIN B7, GPIO_ IN);
HAL INTMUX SetIRQHandler (GPIOl IRQn, gpiol isr, NULL);
HAL TRQ HANDLER SetGpioIRQHandler (GPIO BANK1l, GPIO PIN B7, b7 call back,
NULL) ;
HAL INTMUX EnableIRQ(GPIOl IRQn);
HAL GPIO SetIntType (GPIOl, GPIO PIN B7, GPIO INT TYPE EDGE BOTH) ;
HAL GPIO EnableIRQ(GPIO1l, GPIO PIN B7);
printf ("test gpio interrupt ready\n");
}
#endif

4333 5| R E

7] rt_hw iomux config R, WIEEA 12C1 5] BT &

// <BMP SDK>/rtos/bsp/rockchip/rk3562-32/board/rk3562 evbl lp4x/iomux.c

void i2cl mO iomux config(void)
{
HAL PINCTRL SetIOMUX (GPIO BANKO,
GPTO_PIN B3 | GPIO PIN B4,
PIN CONFIG MUX_ FUNC1);

void rt hw iomux config(void)
{
//
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i2cl m0 iomux config();

10 ooc

4334 B $PIEE

RT-Thread "' H 47 crU AER, ASFEEEF AT B P KA E
)k, B {# H RT-Thread i) 12C 11, Xt 12C1 #E4THAE

4.4 Bare-metal BIRAC B

4.4.1 RK HAL it & 30

4.4.1.1 BRFA R M

RK HAL fr A SR # S B € LT main.c 1, P AT BLEAT RIS ECE 7 .
4.4.1.2 95 VAR R M

RT-Thread {8/ scons Zai%, Zmieid K&IISCHEA

cd <AMP_SDK>/hal/project/rk3562/GCC

Makefile # YAl RIS B SO
build.sh # RT-Thread AP Core RFEIFMIA, MCU Core WHIL
HEIA

AP Core ffi[] ./pbuild.sh 5EWERPE, MCU Core, {#/H make 2 5eHdmiE.
4.42 RK_HAL W FE &R

HAL (A BE, g IR BERE ORI

<AMP_SDK>/hal/project/rk3562/GCC/gcc_arm.1ld.S
<AMP_SDK>/hal/project/rk3562-mcu/GCC/gcc_bus m0.1ld

4421 AP BITHHFIRE

/* cat <AMP_SDK>/hal/project/rk3562/GCC/gcc_arm.1ld.S */

MEMORY
{

SRAM (rxw) : ORIGIN = SRAM BASE, LENGTH = SRAM SIZE /* SYSTEM
SRAM */

DRAM (rxw) : ORIGIN = FIRMWARE BASE, LENGTH = DRAM SIZE /* DRAM */
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SHMEM (rxw) : ORIGIN = SHMEM BASE, LENGTH = SHMEM SIZE /* shared memory
for all cpu */
LINUX RPMSG (rxw) : ORIGIN = LINUX RPMSG BASE, LENGTH = LINUX RPMSG SIZE

## 4% cat <AMP SDK>/hal/lib/CMSIS/Device/RK3562/Source/Templates/mmu_rk3562.c
## HAE MALERRE, EHE build.sh HAM gec arm.ld.s U
#if defined (NC _MEM BASE) && defined (NC MEM SIZE)

MMU TTSection (MMUTable, FIRMWARE BASE, (DRAM SIZE - NC MEM SIZE) >> 20,
Sect Normal) ;

MMU TTSection (MMUTable, NC MEM BASE, NC MEM SIZE >> 20, Sect Normal NC);
#else

MMU_TTSection(MMUTable, FIRMWARE BASE, DRAM SIZE >> 20, Sect Normal);
#endif

MMU TTSection (MMUTable, SHMEM BASE, SHMEM SIZE >> 20, Sect Normal SH);
// MMU TTSection (MMUTable, SHMEM BASE, SHMEM SIZE >> 20, Sect Normal NC SH);
#ifdef LINUX RPMSG_BASE

MMU TTSection (MMUTable, LINUX RPMSG BASE, LINUX RPMSG SIZE >> 20,
Sect_Normal_NC_SH);
#endif

#4# 24T cat <AMP SDK>/hal/project/rk3562/GCC/build.sh

export FIRMWARE CPU BASE=$ (eval echo \$CPU$1 MEM BASE) /* DRAM fIALE
*/

export DRAM SIZE=$ (eval echo \$CPU$1 MEM SIZE) /* DRAM ZH& A/
*/

export SHMEM BASE=0x07800000 /* shared
memory RCURLHL*/

export SHMEM SIZE=0x00400000 /* shared memory
KRR */

export LINUX RPMSG_BASE=0x07c00000 /* rpmsg BIHNLE
*/

export LINUX RPMSG SIZE=0x00500000 /* rpmsg HEAN
*/

HAL AP Core INAFIECE, &7 gec arm.1d.s ™, N T EmFARE, WS, @id mmu rk3562.c
HAH build.sh H, F{ERFBH.

AP Core It B IS B, RIf# E 52 DDR FI¥H LS B .
DRAM 7] LLifiid build. sh TS EHGHITRE .

CPU3_MEM BASE=0x01800000
CPU3_MEM_SIZE=0x00800000

export FIRMWARE CPU BASE=$ (eval echo \$CPUS1 MEM BASE) /* DRAM #HCURfL
B v/
export DRAM SIZE=$ (eval echo \$CPU$1 MEM SIZE) /* DRAM AH&EK
IN

DL A&, XM gcc_arm.1d.S ] DRAM [X 35
DRAM (rxw) : ORIGIN = FIRMWARE BASE, LENGTH = DRAM SIZE /* DRAM */

A, 75 mmu rk3562.c 1L,



4422 AP EE RN FEE

DL N A7 LINUX_RPMSG AHlF, FF27E gee_arm.1d.s HE X LA 2

MEMORY {
LINUX RPMSG (rxw) : ORIGIN = LINUX RPMSG BASE, LENGTH = LINUX RPMSG SIZE

.linux share rpmsg (NOLOAD) :

{
PROVIDE (_ linux share rpmsg start = .);
. += LINUX RPMSG SIZE;
PROVIDE (_ linux share rpmsg end = .);

} > LINUX RPMSG

Al LEEACHS H, EE3RE S| LINUX_RPMSG (43 bt F5 4

/* <AMP_ SDK>/hal/project/rk3562/src/test demo.c */

extern uint32 t  linux share rpmsg start [];

extern uint32 t  linux share rpmsg end [];
#define RPMSG LINUX MEM BASE ((uint32 t)& linux share rpmsg start )

#define RPMSG LINUX MEM END ((uint32 t)& linux share rpmsg end )
#define RPMSG LINUX MEM SIZE (2UL * RL_VRING OVERHEAD)

4.423MCU BITHFEE

/* cat <AMP_ SDK>/hal/project/rk3562-mcu/GCC/gcc_bus m0.ld */

MEMORY

{
DDR (rxw) : ORIGIN = 0x00000000, LENGTH = 512K /* DRAM */

/* cat <AMP_SDK>/hal/project/rk3562-mcu/Image/amp.its */

/A
images {
mcu {
/oo
load = <0x08200000>;
100

}i
¥

RT-Thread MCU Core HIPNAFBCE, H gec bus m0.1d 1 amp. its H[F 58 k.

MCU Core # AP Core AN [FEHIH 7 7ETF, MCU Core BB B E, #if& MCU Core ] 0 #udik. UL,
MCU Core & F| 1k, AT BRI 1k (8] 47 7E — B E % o
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4424MCU XEXNERE

PAIA) RK3562 HAL MCU ¥R BFL 52 9 7F LINUX_RPMSG Mfl1, 752 4E gee bus m0.1d H15E L AR 2

/* cat <AMP_ SDK>/hal/project/rk3562-mcu/GCC/gcc_bus m0.1ld */

MEMORY {

70 coc

LINUX RPMSG (rxw) : ORIGIN = 0x00100000, LENGTH = 0x00500000
}
I oo

.linux share rpmsg (NOLOAD) :

{
PROVIDE (_ linux share rpmsg start = .);
. += LINUX RPMSG SIZE;
PROVIDE (_ linux share rpmsg end = .);

} > LINUX RPMSG

/* cat <AMP_SDK>/hal/project/rk3562-mcu/Image/amp.its */

/A
images {
mcu {
/oo
load = <0x08200000>;
100

PLEfIFH, LINUX _RPMSG M E IR %2 0x08300000 = 0x08200000 + 0x00100000 » &=
K7INR 0x00500000 byptes (SM byptes).

AFGH, [FIREAT BASRE LINUX _RPMSG {5 5. FEEE, MCU 1, B HHhb(E 5, #02 LLE A4 ik
s RS I o
4.43 RK HAL /M %E R

4.43.1 AP F i B

RK HAL i B IR B E X T nain.c B1. BLRK3562 0 12C1 % ¥E 94, ¥ W 7E RK HAL
IIN— AN

)% cmmccccmcsmssmmoos 12C1 HMBE - )
/* RK HAL bare CORE*/
static struct GIC AMP IRQ INIT CFG irgsConfig[] = {

GIC AMP IRQ CFG ROUTE (I2C1 IRQn, 0xd0, CPU GET AFFINITY (3, 0)),
GIC_AMP IRQ CFG ROUTE (0, 0, CPU GET AFFINITY(1l, 0)), /* sentinel */
i

static struct GIC IRQ AMP CTRL irqgConfig = {
.cpuAff = CPU GET AFFINITY (1, 0),
.defPrio = 0xdO,


af://n636
af://n641
af://n642

.defRouteAff = CPU GET AFFINITY (1, 0),
.irgsCfg = &irgsConfigl[0],

A e 12C1 BIMHEPE -~ @Y
static void HAL IOMUX I2C1MO Config(void)
{
HAL PINCTRL SetIOMUX (GPIO BANKO,
GPTO_PIN B3 | GPIO PIN B4,
PIN CONFIG MUX_ FUNC1);

void main (void)
{
uint32 t freq;
struct I2C HANDLE instance;

/* HAL BASE Init */

HAL Init();

/* BSP Init */

BSP Init();

/* Interrupt Init */

HAL GIC Init(&irgConfig);

HAL IOMUX I2CIMO Config();
freq = HAL CRU ClkGetFreq(g i2cldev.clkID);
HAL I2C Init(&instance, g i2cldev.pReg, freq, I2C 100K);

// 12c operations

while (1);

4432 MCU TR E

RK HAL fT 5 R IFAR R EEE LT main.c 1. LA RK3562 MCU #8II 12C1 %A, B0 {E RK
HAL H i — AN M5B

e R 2T GERE seemmmmmmmmm e e *x/
static void HAL_TIOMUX I2C1MO_Config(void)
{
HAL PINCTRL SetIOMUX (GPIO BANKO,
GPIO PIN B3 | GPIO PIN B4,
PIN CONFIG MUX FUNCL);

void main (void)
{
uint32 t fregq;
struct I2C HANDLE instance;

/* HAL BASE Init, MCU Core il NVIC f##1%%, HAL Init €M NVIC #IUfEfk */
HAL Init();

/* BSP Init */

BSP Init();
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HAL IOMUX I2C1MO_ Config();
freq = HAL CRU ClkGetFreqg(g i2cldev.clkID);
HAL I2C Init(&instance, g i2cldev.pReg, freq, I2C 100K);

// 12c operations

while (1);

4433 5| A B

12C1 5 I & 4E MCU J& AP _LAH, 1§/ HAL PINCTRL SetlOMUX B %ic B 75 21 51 I Th B .

A RS LT SEBRE o= *x/
static void HAL IOMUX I2C1MO Config(void)
{
HAL PINCTRL SetIOMUX (GPIO BANKO,
GPIO PIN B3 | GPIO PIN B4,
PIN CONFIG MUX FUNC1);

void main (void)

4434 W5 ECE

12C1 W BHEC B AE MCU J AP _EAfE, {#f] HAL CRU_ClkGetFreq Al HAL 12C_Init b $R B Bh 4R
FATEI2CH %

void main (void)
{
uint32 t freq;
struct I2C HANDLE instance;

HAL CRU ClkGetFreq(g i2cldev.clkID);
HAL I2C Init(&instance, g i2cldev.pReg, freq, I2C 100K);
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5. /58 R R

5.1 Rockchip SoC Kb P 28 224

TGO EZ R RS H,  Rockchip SoC AbFE 23 520 W] LA S8 T B B .
AP Cores ( Application Processor ) , —#%4 ARM Cortex-A AbFEEEZ 0o

MCU Core ( Micro Controller Unit ) , —#%~ ARM Cortex-M B RISC-V AbFH#54% (s .

_00000_ cpuo |[ cput | cpuz [ cpus —
= @ E U
EE =-> ||| cprus || CPUS || CPUB || CPU7

RK35EA AP Cores MCU Core
Rockchip SoC

I=||:|l:|{||]|:]I=|
EE > CPUD " CPU1 || CPU2 || CPU3 MCU
“gooon AP Cores MCU Core
RK3562 Rockchip SoC
& 5-1-1 Rockchip SoC {hEEsEEEE
52 AP+ AP BEIH R

PL RK3562 Jfil, RK3562 2 —HilUi% ARM Cortex-A53 AbFE#E, FRATEHIM S % CPUO. CPUIL.

CPU2. CPU3. fF RK3562 iZfTHi Ol 2%t RGN, SCRFZMAEGET 7

5.2.1 Linux + RTOS / Bare-metal

52.1.1 =B EH: Kernel + RT-Thread / HAL

] Kernel + RT-Thread / HAL ] /8 517 &I BRIARTOS iZ477E CPU3 . /B3I, Bootloader i&4T7E
CPUO |, Jehn#k3) U-Boot. U-Boot H, #HXIHHJH5) CPU3 I21TAMP [Elf4. U-Boot 4£42i24T77E CPUO
v, 4k4EN% )8 3 Linux Kernel, Linux Kernel - CPU1 #1 CPU2 J2#hie K. FAEHER W .
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=3 | RT-Thread / HAL « CPU3
= CPUO
.
Boot Loader | = U-Boot o Linux Kernel
= CPU1
CPUO CPUO E
.
.
: CPU2
5-1-2 kernel + rtt / hal
Kernel + RT-Thread / HAL fJ#T €304 amp_linux.its Bc B 41
/dts-vl/;
/A
description = "FIT source file for rockchip AMP";
#address-cells = <1>;
images {
amp3 {
description = "bare-mental-core3";
data = /incbin/ ("cpu3.bin") ;
type = "firmware";
compression = "none";
arch = "arm"; # arm or armé4, FRilarm
cpu = <0x3>; # CPU ID
thumb = <0>;
hyp = <0>;
load = <0x01800000>; # DRAM HCUHf7HE
¥ RIEICE, MRS, dmiEiiA g shiER
compile {
size = <0x00800000>; # DRAM K/h
srambase = <0xfe480000>; # SRAM jIHNE
sramsize = <0x00010000>; # SRAM K/h
sys = "rtt"; # CPU i&817&%: HAL or RI-
Thread
# RT-Thread ZmiAlE M
rtt config = "board/rk3562 evbl lp4x/defconfig"
}i
udelay = <10000>; # CPU BN, £~ CPU MKIXJE BN
SE R B[]
hash {

algo "sha256";
i
i
# —A images T, AUBEEZANTH A, SOK RMPIFTA images FHIT AL, MR4E
WREER, HERFITE
bi

# HENEER, MENE, MRS, SiFIA E SRR

share {



shm_base = <0x07800000>; # ZA% cpPu JZE spRAM W IFiE4fHLE
shm_size = <0x00400000>; # %% cpu L% sDrRaM WAEHEIK/AN
rpmsg base = <0x07C00000>; # RPMSG JLEENIEHEIAHNE
rpmsg_size <0x00500000>; # RPMSG JLEFENIFESE K/

# LR 1D, é:%/‘ aMP BEZA RGN,

# 4l RTOS AMP HERIANTOxO1"
# 4 aMp RGHAE

primary = <0x0>;
}i
configurations {
default = "conf";
conf {
description = "Rockchip
rollback-index = <0x0>;
loadables = "amp3";
signature {
algo = "sha256,
padding = "pss"

key-name-hint
sign-images = "

}i

/* - run linux on cpu0
* — it is brought up b
* - it is boot entry d
*/

linux {

description
arch

cpu

thumb

hyp

udelay

# AMP REUIHEAI
e A
load

load ¢

}i

52.1.2 ~BIEH: Kernel +3 * HAL

f#iFHl Kernel + 3 * HAL ¥ /5 377 S BRIA Linux 1247 7E CPUO
SEm# 3] U-Boot. U-Boot H7,
¥, n# Bare-metal [E14, /5 3hWR; CPUL,
JN# 5 3l Linux Kernel. JifEAE R W

CPU2,

l%ﬂl amp.lmg .ﬁ:, Tﬁ loadables

RN EE RSN CPU 1D

linux B, linux cpu0 ERINECE NI

AMP images";

# MEER, R E T R E Y amp3”

rsa2048";
" devl' ;

loadables™";

y amp (that run on U-Boot)

epends on U-Boot

"linux-os";
"arm64";
<0x000>;

<0>;

<0>;

<0>;

Kernel M#AIEMR, FHEE Kernel

# Kernal N#ENE
# 548 Kernel MN#ENAIE

<0x2000000>;
<0x4880000>;

F. B3I, Bootloader iz 17 E CPUO I,
= “ampl”, “amp2”, "amp3"; J[Iﬁ
CPU3 #»» U-Boot 482217 7E CPUO 1, 4k4k
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—> HALT :  CPUT
| ]
—> HAL2 1 CPU2
Boot Loader | =3 U-Boot
— HAL3 « CPU3Z
n
CPUOD CPUO
—_— Linux Kernel : CPUO
5-1-3 kernel + 3 * hal
Kernel + 3 * HAL / RT-Thread #1453 amp_linux.its FC & 415 -
description = "FIT source file for rockchip AMP";
#address-cells = <1>;
images {
ampl {
1 JPPR
}
amp2 {
oo,
}
amp3 {
description = "bare-mental-core3";
data = /incbin/ ("cpu3.bin") ;
type = "firmware";
compression = "none";
arch = "arm"; # arm or armé64, Eilarm
cpu = <0x3>; # CPU ID
thumb = <0>;
hyp = <0>;
load = <0x01800000>; # DRAM A7 &
# EICE, WIEWRE, mIEMA B3R
compile {
size = <0x00800000>; # DRAM K/h
srambase = <0xfe480000>; # SRAM EIANIEH
sramsize = <0x00010000>; # SRAM K/h
sys = "hal"; # CPU B/THR%: HAL or RT-
Thread
# RT-Thread %iPElcE 1
rtt config = "board/rk3562 evbl lp4x/defconfig"
}i
udelay = <10000>; # CPU JHBIIER:, £4 cPU MKIK/ESIIHI
S IS 8]

hash {

algo "sha256";



# —A images F, WUEEEZANTI A, SDK SEFHFA images FHFiA, RiE
TREE, HIWFTE
}i

# RFEAMER, MIFE, RIEMRE, 5IEHAEER

share {
shm_base = <0x07800000>; # %% cpu JL= sDRaM WAFEIAHIHE
shm_size = <0x00400000>; # £4% cpu X spraM WESEE AN
rpmsg_base = <0x07C00000>; # RPMSG FLENIFEaGHbE
rpmsg_size <0x00500000>; # RPMSG F:ZFEPNIF4HLA/N

# ERGiM%L 1D, él%’/\ aMp BEZANRGR, SR EERSKM CPU ID
# 4 rRTOS AMP FFERIANTOxOL™
# HAMPRGFEE linux B, linux cpul BRABCE NEX
primary = <0x0>;
bi

configurations {
default = "conf";
conf {
description = "Rockchip AMP images";

rollback-index = <0x0>;

# BBINEIIR: HFEAELD amp HLEH,
# W: loadables = "amp0", "ampl", "amp2", "amp3"...
# M CcrPUO NJABIEN, SEBRMEIETN: ampl-->amp2-->amp3->.. .-

>amp0
¥ R, REZH T boot MBS, £ amp &G — DA
)
# MR, ZoRBl A Yampl”. “amp2”. “amp3”
loadables = “ampl”, “amp2”, "amp3";
signature {
algo = "sha256,rsa2048";
padding = "pss";
key-name-hint = "dev";
sign-images = "loadables";
bi
/* = run linux on cpu0
* - it is brought up by amp(that run on U-Boot)
* - it is boot entry depends on U-Boot
x/
linux {
description = "linux-os";
arch = "armo4";
cpu = <0x000>;
thumb = <0>;
hyp = <0>;
udelay = <0>;
# AMP RAGUWIHRF Kernel MMEAIEMR, FEWMHE Kernel
pIIE: ADA=S

load = <0x2000000>; # Kernal JN#EAIE
load c = <0x4880000>; # [k4i Kernel fNEfIE



5.2.2 RTOS + Bare-metal

5.2.2.1 ~PBIE#: HAL+ HAL

i H HAL + HAL 83077 0, HiZ% Bootloader i21T7E CPUO |, Jm#3| U-Boot #1, 1H{ amp.img
4, hi# cpul.bin. cpu2.bin. cpu3.bin 34 Bare-metal [}, /5 zhm N CPUL, CPU2, CPU3 #
o U-Boot {J#RIZ1TTE CPUO H, 4kS2hN#% R ) Bare-metal cpu0.bin [l 4. FFEHEE Q1T

—> HALT :  CPUT
—> HAL2 : CPU2
Boot Loader | == U-Boot
— HAL3 » CPU3
CPUOD CPUOD
[ ]
— HALO - CPUO
5-1-4 hal + hal + hal + hal
HAL + HAL (478,34 amp_linux.its BC & 41F
description = "FIT source file for rockchip AMP";
#address-cells = <1>;
images {
amp0 {
oo,
}
ampl {
description = "bare-mental-core3";
data = /incbin/ ("cpul.bin") ;
type = "firmware";
compression = "none";
arch = "arm"; # arm or armé64, Eiharm
cpu = <0x1>; # CPU ID
thumb = <0>;
hyp = <0>;
load = <0x00800000>; # DRAM #CIAfIE
# GRIRELE, WIFERE, A B3GR
compile {
size = <0x00800000>; # DRAM AK/h
srambase = <0xfe480000>; # SRAM FIHNE
sramsize = <0x00010000>; # SRAM K/p
sys = "hal"; # CPU BITHR%: HAL or RT-

Thread
# RT-Thread #iiFHCE CfF
rtt config = "board/rk3562 evbl lp4x/defconfig"
i
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udelay = <10000>; # CPU JHZNIERS, £A4~ CPU KIKJEBIHHY
S B i 8]
hash {

algo "sha256";

}i
# —A images F, AILMEEEZANTI A, SDK SliTA images NHIFA, iR
WEER, HmFETA
}i

# HENEER, WERE, MIERRE, SEIA S SR

share {
shm_base = <0x07800000>; # Z#% cpPu FLZ sDRAM W7 ELGHhHE
shm size = <0x00400000>; # %% cpu = SpDrRAM WAESTK/
rpmsg_base = <0x07C00000>; # RPMSG Lz NfEE#4HHE
rpmsg_size <0x00500000>; # RPMSG FLENAFHAELR/

# ERGZL 1D, é%/\ avMp BELZANRGN, ZSHBEERLN CPU ID
# 4 rRTOS AMP FERIAN"Ox01™
# 3 aAMP RAHPHEA linux B, linux cpu0 BRIARCEANEZ
primary = <0x0>;
}i

configurations {
default = "conf";
conf {
description = "Rockchip AMP images";
rollback-index = <0x0>;

BERIMBIIR: DEEZD anp HER,
# W: loadables = "amp0", "ampl", "amp2", "amp3"...
# 24 CcPUO NEINZE, SEFRMEITA: ampl-->amp2-->amp3->.. .-
>amp0

# KKSEHE, HBIEHETAE boot MBS H, £ avp W& —18

# IEES, ZRBIFE Yampl”. “amp2”. “amp3”
loadables = “amp0”, “ampl”, “amp2”, "amp3";
signature {

algo = "sha256,rsa2048";

padding = "pss";

key-name-hint = "dev";

sign-images = "loadables";

}i



5222 B E 4 : RT-Thread + HAL

{fiF§ RTOS + Bare-metal []J8 315 Z&H}, 72 Bootloader i&1T7E CPUO L, 4Ein# 3| U-Boot #, #2EX
amp.img [E1F, JN# cpul.bin (RTOS[E ) Al cpu2.bin. cpu3.bin 2 4~ Bare-metal [E 1+, 5 35
CPU1, CPU2, CPU3 #:. U-Boot 4kZEiZfT7E CPUO ', 4k&:N%i )0 5)) Bare-metal [i1F, AP
cpu0.bin. FFEHERUWIT:

—> RTT1 :  CPUT
-
[ ]
—> HAL2 : CPU2
Boot Loader | == U-Boot
—_— HAL3 « CPU3
-
CPUD CPUOD
[ ]
— HALO « CPUO
-
5-1-5rtt + hal + hal + hal
RT-Thread + HAL fJ#T €30 amp_linux.its BCE 4175
description = "FIT source file for rockchip AMP";
#address-cells = <1>;
images {
amp0 {
oo,
}
ampl {
description = "bare-mental-core3";
data = /incbin/ ("cpul.bin") ;
type = "firmware";
compression = "none";
arch = "arm"; # arm or armé64, Eiharm
cpu = <0x1>; # CPU ID
thumb = <0>;
hyp = <0>;
load = <0x00800000>; # DRAM HCIAfiE
# IRIRILE, IRMERE, A B3GR
compile {
size = <0x00800000>; # DRAM AK/h
srambase = <0xfe480000>; # SRAM FIGHIHE
sramsize = <0x00010000>; # SRAM K/p
sys = "rtt"; # CPU I81T&R%i: HAL or RT-
Thread
# RT-Thread %ilFHcE X1
rtt config = "board/rk3562 evbl lp4x/defconfig"
}i
udelay = <10000>; # CPU JABIZERS, £4 crPu MKIKJE BT

S 8]
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hash {
algo = "sha256";

}i

b8
# —A images F, AJULEEEZATI A, SDK SBEIITE images FHITT &, R
FE(EE, HImFETA
}:

# TEAFGER, MIFRE, WMEMRE, 5IFHA SR

share {
shm_base = <0x07800000>; # %% cpu JL¥ sDRaM WAFEEAHHE
shm_size = <0x00400000>; # %% cpu L% sDRAM WHEZHEIK/AN
rpmsg base = <0x07C00000>; # RPMSG JLENIEHRIAHNE
rpmsg_size <0x00500000>; # RPMSG JLZENIFESE K/

# ERG%L 1D, él%/\ aMP BEZANRGEN, ZSHKNELERAN CPU ID
# 4 rRTOS AMP HERIAN"Ox01™
# X AMP RGP HEE linux B, linux cpu0 ERIAECE AT
primary = <0x0>;
}i

configurations {
default = "conf";
conf {
description = "Rockchip AMP images";

rollback-index = <0x0>;

¥ BRIMESIR: BFEZD anp HRE,
# I: loadables = "ampO", "ampl", "amp2", "amp3"...
# 24 CcPUO ANRBZNZR, SEBRINENT N: ampl-->amp2-->amp3->...-

>amp0

¥ IR, REZHE T boot MHBUAGH, £ avp &5 — DA

# ks R, ZRflh A Yampl”. “amp2”. “amp3”
loadables = “amp0”, “ampl”, “amp2”, "amp3";
signature {

algo = "sha256,rsa2048";

padding = "pss";

key-name-hint = "dev";

sign-images = "loadables";



53AP+MCU B HFE

5.3.1 Linux + MCU RTOS / Bare-metal
53.1.1 =B EH: Kernel + mcu RT-Thread / HAL

{FF Linux + I'MMCU [R5 %, B8, Bootloader IZ{T# CPUO |, e/m# %] U-Boot. U-Boot
M, EREUEE 30 MCU i247AMP [E£f. U-Boot 4k£218477E CPUO 7, 4k&:N#k )5 3 Linux Kernel, Linux
Kernel Fi# CPU1 . CPU2. CPU3 Jazhidsk. WMAEERWT:

— RT-Thread / HAL - MCU
L}
= CPUO
Boot Loader | =D U-Boot — Linux Kernel . CPUT
.
CPUOD CPUOD = CPUZ2
.
= CPU3
E 5-1-6 kernel + mcu rtt / hal
Kernel + mcu RT-Thread / HAL HJ#T 43044 amp_linux.its B2 & 41 F -
/dts-v1/;
/A
description = "Rockchip AMP FIT Image";
#address-cells = <1>;
images {
mcu |
description = "mcu";
data = /incbin/ ("./mcu.bin"); // hal. rtt R&AHwF
HRE 4 —N mcu.bin
type = "standalone"; // must be
"standalone"
compression = "none";
arch = "arm"; // "arm64" or
"arm", the same as U-Boot state
load = <0x08200000>; // MCU /¥ RaM JazhHidl
udelay = <1000000>; // JREIER] B[]
hash {
algo = "sha256";

}i

}i

configurations {

default = "conf";

conf {
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description = "Rockchip AMP images";

rollback-index = <0x0>;

¥ MEEAR, ZoRflh A Ymeu”

loadables = "mcu";

signature {
algo = "sha256,rsa2048";
padding = "pss";
key-name-hint = "dev";

sign-images = "loadables";

5.4 RNEFEER BB &R

SDK L REZFAEAE N TEZ 75, W eMMC. Flash. SD K%, XTI A 01 Re 05 58 4 b A FH AN [F]
FERE B LS, IR BRI H 5 RIE S i g A7 it 7 5 -

5.4.1 eMMC / Flash J8 5h

B MO 28 B eMMC / Flash {E N EE 5| SRS KRB RS . KA FINBIBRIEERFENZE
[E A ELE eMMC / Flash {0 . FEFREN:

IWVIIEVEEE

o M H LHR, PATEENERIEIS ROM KT,
o 5|3 ROM f T &5 FME#s (Bootloader) F|HNAFEH .
2. 51 S n# 2% (Bootloader) :

o Gl FIEAHENALT eMMC/ Flash f7M 4 5] 25 X b i) — Bk A .

o Gl FINAAFIE K & U-Boot BLH B MR AL B & X 51 SN .

o I FMBSB A TIHIGML RGN, BN RS, IRRIEHBRE LS W .
3. WK

o Bl Bin#ksE M eMMC / Flash (151575 X HnEk Linux A% BUE BN FFEH
o B SRS LLINE &M S (Device Tree Blob, DTB) At S04
4. WIZJR3):

o NN NAZMAR R G B N A FFIFIRIIAT .
o WHEAIGEESE. BE T FHalHERE.
o WZARIE B &M M (DTB) HUME EoREC B AR AR5 %
o WHZE BN KBRS RS
5. XM R GER:

o WAXIRHE L &M LA (DTB) H4E/R, % eMMC / Flash H RS R S
o MRS LI extd. FAT S0k R G2,
o MRGHFTCHUE, FGnI LAVI I SR G RSO E 3% .
6. F P 2 aI I dh ik :
o WIAILINA D R Gt k55 11 58 2 25 (Al FE AN AR 55
o A AR IR SS AT LAARE 5 2R 2 R FR T . 4 AR A5

LRGN X & 7T A2 % (Rockchip Developer Guide UBoot Nextdev CN.pdf) SCA%H Storage 5 4 F

5 %
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5.5 REBENH R
5.5.1 SDEJE 3N

SD jaahRo2ilid RK (9 TRGIME, SCBEIEN SD RJa3h, AT 8RB ST R 3 b 1 1 A B E 5
Be5 [ BB APE N . BARSEILZ K B FEe 'S 3 SD R, 8 SD RAU1EEAFHER. F4M SD K3
Zhirt, [ F LR IR SR IAE SD R &, A BOA A A7 AT BLIE S T,

B S SRR KA S5 AT LL 2% (Rockehip Developer Guide UBoot Nextdev CN.pdf) #1
{Rockchip Developer Guide_ SD Boot CN.pdf) P XS SD-FR & k4 ik

5.6 PRI 5 3177 %

SDK 35 RGP R 27 % SBITFIFISoCH B H— N HEREN MCU, 7620 B bbb AP ST — Lt
AT B L PR R T S DR (.5 O DO 47

5.6.1 SPLIE & T &

SPL J5 I8 K2 @R ¥ MCU [ 4F 3T 2ISPLI BUR ORI, y/b 7 1 L EIMCU A N % i T
PLRK3562 N, M LHZEI MCU 55—l 45 52 a1l f e vl LI 2 200mS .
SPLJA 7 R EARFL & Wi R

SPL My E% 8 BN FE2E7E rkbin &F T, &4 RKTRUST/RK3562TRUST.ini, J&F MCU. BRI\ HISATTE
0x08200000 _I- .

MCU=bin/rk35/rk3562 mcu v1.00.bin, 008200000, ckay
7E uboot 5T, A LA fir &2 1«
./make.sh rk3562 --spl-new

MCU [& 44T 23] uboot.img H', H SPL 1 ST FRE L -

5.6.2 XFMEE B &R

WUAAAE T ZEF8 /2 Nor + eMMC #8ICII T %, F MCU FEEAARE — /NN A Flash 1, AP [ {17542
eMMC [, 1T Flash BRI [AAH EE eMMC _EHAIIRALIGIN (B MR 2, MCU [ {45t i 8
SR (R NG K -

XUAEA 77 2 BARTE B 15 5% 0 (Rockchip Developer Guide Dual Storage CN.pdf)
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6. FHoF HFE TR

6.1 1% 6] = Wi fi

IS AMP I8 7 SR AT + L N AR T SUSE I, Rk e SR L A AR R e, ok
Wi AN o AT AC B, H TR =R A TR Wik & 7 2, 23 2 Mailbox HMTRRUR B b A M
SGI fil . FAk, Hi il 2 1% 70 RG0IE # ib 242 it Hardware Spinlock K347 AT 5 14 J5 T4 4 .

6.1.1 Mailbox 5 ¥ fih &

{4 i} RK Mailbox FHHEATIZ E8(E, 7Efil% Mailbox T [FIR, AT LAEHI—A 32 bit ) Command 2F
TR BRI —A 32 bit ) Data 21228 50dE .

#ifdef PRIMARY CPU
// Master"Wiib#, S7EULALIEIE A%
static void mbox_master_isr(int vector, void *param)
{
HAL MBOX IrgHandler (vector, pMBox);
HAL GIC EndOfInterrupt (vector);
}
// {E Mailbox K A
static void mbox master cb(struct MBOX CMD DAT *msg, void *args)
{
uint32_t cpu_id;
struct MBOX CMD DAT rx msg = *msg;
cpu_id = HAL CPU TOPOLOGY GetCurrentCpuId();
// WEPEULRIF 32 bit M) Command H#EA—A 32 bit [ Data Zd
printf ("mbox master: recieve cpu-%ld cmd=0x%1lx data=0x%1lx\n", cpu id,
rx msg.CMD, rx msg.DATA) ;
}
#else
// Remote HHIWTALEE, Z7E bk [EIE pf %
static void mbox_remote_isr(int vector, void *param)
{
HAL MBOX IrgHandler (vector, pMBox);
HAL GIC EndOfInterrupt (vector);

static void mbox remote cb(struct MBOX CMD DAT *msg, void *args)
{

uint32_t cpu_id;

struct MBOX CMD DAT rx msg = *msg;

cpu_id = HAL CPU TOPOLOGY GetCurrentCpuId();

// ACFEERUREN 32 bit B Command HHEA—A 32 bit K Data &

printf ("mbox remote: recieve cpu-%ld cmd=0x%1lx data=0x%1lx\n", cpu id,
rx msg.CMD, rx msg.DATA) ;
}
#endif
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#ifdef PRIMARY CPU

// Master UiiBiEEMN

static struct MBOX CLIENT mbox client2 m = { "mbox-cl2m", MBOX0 CH2 B2A IROn,
mbox master cb, (void *)MBOX CH 2 };

static void mbox master test (void)
{
struct MBOX CLIENT *mbox cl2m;
struct MBOX CMD DAT tx msg;
uint32 t cpu id;

int ret = 0;

cpu_id = HAL CPU_TOPOLOGY_ GetCurrentCpulId() ;
mbox cl2m = &mbox client2 m;
tx msg.CMD = cpu id & OxFU;
tx msg.DATA = 0x12345678;
/* master core uses MBOX A2B and remote core uses MBOX B2A */
HAL MBOX Init (pMBox, MBOX A2B);
ret = HAL MBOX RegisterClient (pMBox, MBOX CH 2, mbox cl2m);
if (ret) {
printf ("mbox cl2m register failed, ret=%d\n", ret);
}
HAL IRQ HANDLER SetIRQHandler (MBOX0 CH2 B2A IRQn, mbox_master_isr, NULL) ;
HAL GIC Enable (MBOX0 CH2 B2A IRQn);
HAL DelayMs (4000) ;
printf ("mbox master: send cmd=0x%1lx data=0x%1x\n", tx msg.CMD, tx msg.DATA);
// RFEEHE, 32 bit M) Command HIEAI—/ 32 bit B Data %
HAL MBOX SendMsg (pMBox, MBOX CH 2, &tx msg);
}
#endif

#ifdef CPU2

// Remote Uil &M

static struct MBOX CLIENT mbox client2 r = { "mbox-cl2r", MBOX0 CH2 A2B IRQn,
mbox remote cb, (void *)MBOX CH 2 };

static void mbox remote test (void)
{
struct MBOX CLIENT *mbox cl2r;
struct MBOX CMD DAT tx msg;
uint32 t cpu id;

int ret = 0;

cpu id = HAL CPU TOPOLOGY GetCurrentCpuId();
mbox cl2r = &mbox_client2_r;

tx msg.CMD = cpu_id & OxFU;

tx msg.DATA = 0x98765432;

/* master core uses MBOX A2B and remote core uses MBOX B2A */
HAL MBOX Init (pMBox, MBOX B2A);
ret = HAL MBOX RegisterClient (pMBox, MBOX CH 2, mbox cl2r);
if (ret) {
printf ("mbox cl2r register failed, ret=%d\n", ret);
}
HAL TRQ HANDLER SetIRQHandler (MBOXO CH2 A2B IRQn, mbox remote isr, NULL);
HAL GIC Enable (MBOX0 CH2 A2B IRQn);
HAL DelayMs (2000) ;



printf ("mbox remote: send cmd=0x%1x data=0x%1x\n", tx msg.CMD, tx msg.DATA);
/) RiEHHE, 32 bit M Command FIEAM—A 32 bit [ Data H¥E
HAL MBOX SendMsg (pMBox, MBOX CH 2, &tx msg);

}
#endif

6.1.2 A4 W fi R

{fiH GIC SPI b, RIFEEANE AW reserved irq, JEiT 3 Send Pending fith %

static void soft isr(int vector, void *param)
{
printf ("soft isr, vector = %d\n", vector);
HAL GIC EndOfInterrupt (vector);

static void softirg test (void)
{
HAL IRQ HANDLER SetIRQHandler (RSVDO IRQn, soft_isr, NULL) ;
HAL GIC Enable (RSVDO IRQn);
/7 bR
HAL GIC SetPending (RSVDO IRQn);

6.1.3 SGI fi &

f# /] GIC SGI, Bp#rhlrfil% . H1F Linux SMP 5 T 84 non-secure SGI F W5, T H 4814 secure
SGI 5 FH B4R Bk, SGI ik ki :UE T2 MM EATED .

#define IPI CPUO 0x01
#define IPI CPUl 0x02
#define IPI_CPU2 0x04
#define IPI CPU3 0x08
#define IPI TO TARGETLIST 0

#define IPI TO ALL EXCEPT SELF 1

static void ipi sgi isr(int vector, void *param)
{
uint32_t cpu_id;

cpu_id = HAL CPU TOPOLOGY GetCurrentCpuId();
if (cpu_id == 2) {
HAL DelayMs (1000);
} else if (cpu id == 3) {
HAL DelayMs (2000) ;
}
printf ("ipi sgi: cpu id=%1d vector = %d\n", cpu id, vector);
HAL GIC EndOfInterrupt (vector);

static void ipi sgi test (void)
{
uint32_t cpu_id;
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cpu_id = HAL CPU TOPOLOGY GetCurrentCpuId();
HAL IRQ HANDLER SetIRQHandler (IPI SGI7, ipi sgi isr, NULL);
HAL GIC Enable(IPI_SGI7);

if (cpu_id == 1) {
printf ("ipi sgi: cpu id=%1ld test start\n", cpu_id);
HAL DelayMs (2000) ;
// fi& CPUO SGITHM
HAL GIC SendSGI(IPI_SGI7, 0, IPI_TO ALL EXCEPT SELF);
HAL DelayMs (4000);
HAL GIC SendSGI(IPI SGI7, IPI CPU3, IPI TO TARGETLIST):;
HAL DelayMs (4000) ;
HAL GIC SendSGI(IPI_SGI7, IPI CPU3 | IPI CPU2, IPI TO TARGETLIST);
HAL DelayMs (4000) ;
HAL GIC SendSGI(IPI_SGI7, IPI CPU3 | IPI CPU2 | IPI CPUO,
IPI_TO TARGETLIST) ;
}

6.2 KEEOFTR

Bt D 2 A% A R G TT AL ] 7 + Shared Memory JIEJZIRBN#: F45% ), W T CA/EMH 2714 R
Gz, A LAE R B NRZ KB O, S Rer B A TR

RK AMP H g% [EH Wil & 77 X3 HF Mailbox. #4H W, A AF Linux {37 #F uncache, HARERINT
¥F cacheable

Linux T Mailbox * Wi #9775 20525 40 F B 45 FARAD drivers/rpmsg/rockchip rpmsg mbox.c
Linux NI RSB0 T HBAEKY: drivers/rpmsg/rockchip rpmsg softirg.c
Bare-metal N RPMsg-Lite 2% 11 T #4214 0HS :

hal/middleware/rpmsg-lite/lib/rpmsg lite/porting/platform/RKXX/rpmsg platform.c
RTOS '~ RPMsg-Lite 2% 41 N 4% 14084 :

rtos/rockchip/common/drivers/rpmsg-

lite/lib/rpmsg _lite/porting/platform/RKXX/rpmsg platform.c

6.3 RPMsg Thill 7%

6.3.1 PREFELE

SN 2 2 R R G PE it T RPMsg ThPR#ERESE 77 %€, Linux Kernel i& it RPMsg, RTOS Al Bare-
metal J&AL RPMsg-Lite. € X T AMP R4 H11% 5% 2 (A AT I8 A5 B B A FH popm i — gkl 422 01

RPMsg #&1E Virtlo FSEHL—ANH BAZEHLH], Virtlo /2 —Fh R SEILRE ML 10 (138 FH M, SRALH) k&
PR, R AL S5 FHIX A EOR o Vritlo H3ET Virtlo-Ring, 31 3t = oy 77 S EcHs 1) Ak AW
vring W, — vring T H T KIE$HE 2] Remote Core, 73— vring H T M Remote Core #2144
¥ o
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K MEEARHEZL 7, RPMsg /& H Master Core Al Remote Core 4% [A]FF 17, LL& vring0. vringl. vdev
buffer =B Shared Memory i .

Master Core

Y

Remaote Core

F 3

6.3.2 BIERFE

fE RPMsg ', E-M ALl il sp e An3E = 47 0 05 AAHEAT IS, WAFRIE B B0 5, AR EfE Ty
7]_E#RAT USED Ml AVAIL PSS X, 3X P2 DX AT LLIZ I RPMisg (7 EA% 2020 Jl— B8k, X
LB AE P AT DL R — A

. USED
ALLOGC Ring Buffer DEALLOGC
Fillin the Read the
payload payload
AVAIL
SEND Ring Buffer RECEIVE

R E# (Master Core) FIMIZ (Reomte Core) BEATIEAEHT

1. Master Core &i%Hf, M vringO(USED) HEU{S —k buffer, K iH B 3% RPMsg Bh33H T
2. ¥ AbFLF 1) A A7 buffer 582 F] ving 1 (AVAIL)
3. fi %% W 20 Remote Core 7 B4 b 4% kb 3
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Linux (Master) AMP Core (Remote)
Dequeue from Get transmission Get received Dequeue from .
Allocate USED Ring Buffer buffer buffer from queue | | AVAIL Ring Buffer Receive
Write RPMsg Header Pass it to the
and payload data endpoint callback
Enqueue to Enqueue the Enqueue to
Send AVAIL Ring Buffer | | Enaueve the buffer | | ¢ freed buffer USED Ring Buffer Dwallocare
¢ | Trigger interruptfor ||/ Trigger interrupt for |
s the other core the other core K
Using VRINGO

FKAN, ML T E A ARG TEE N -

1. MAZARHEBAZI M vring1 (AVAIL) FREIS —1R buffer, TR 24408 RPMsg PhsU3E 7S
2. Y4 AL BR T (1) 9 A7 buffer #4822 vingO(USED)
3. fidt &% H il 0 Master Core 75 ZUHE Ab 32 45 b 38

Remote to Master
Linux (Master) AMP Core (Remote)
Dequeue from Get received Get transmission Degueue from
Receive USED Ring Buffer | | buffer fromqueve [ buffer AVAIL Ring Buffer |  Allocate
Pass it to the i || write RPMsg Header
endpoint callback and payload data
Enqueue to Enqueue the Enqueue to
Deallocate AVAIL Ring Buff freed buffer Enqueue the buffer USED Ring Buffer Send
# | Trigger interrupt for i Trigger interrupt for | ¢
‘_} the other core the other core K
Using VRING1

SERH BRI S, BRI buffer, FFSEAF T —BHIAIEL . WZRIEN, 5 ERERIEM . #
{Z IR L EHAR AE vdev buffer .

RPMsg B IR A% I B KB K FE L T payload KB, XK EEFESDK A ERIAA 512 Bytes, T RPMsg
A7 16 Bytes IEUE Sk, R G — (VA% A (1) e K HiHs 504 496 Bytes, TE4ITAT LAZ 2%
drivers/rpmsg/virtio_rpmsg_bus.c



datal]

6.3.3 RPMsg & fic
6.3.3.1 Linux Kerne Ii&fic RPMsg

Linux Kerne RPMsg &= ZARG &5 4

rockchip_rpmsg_test.c

rpmsg_core.c

virtio_rpmsg_bus.c

rockchip_rpmsg_mbox.c
or
rockchip_rpmsg_softirg.c

kernel/drivers/rpmsg/rockchip_rpmsg mbox.c &Z&EM7E Platform Bus | [fJ driver, [FJBJ[A] VirtlO Bus yE/}
device. ‘B &3k T mailbox 1% [H] F KT Shared Memory Ji<JZ MRz 1S BLI#) 2 )2 (Physical Layer)
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kernel/drivers/rpmsg/rockchip_rpmsg_softirq.c th/&7F M 7E Platform Bus _F- ] driver, [FIi A VirtlO Bus y
device. ‘B EFET softirq &7 FH ¥ il Shared Memory Ji§ /2 3K 5h 42 L SLEL Y FE 2 (Physical Layer)

kernel/drivers/rpmsg/virtio_rpmsg_bus.c /&JEMLE VirtlO Bus (¥ driver, [FJI 7] RPMsg Bus M} device.
VirtlO FVirtqueue &8 ] RPMsg WHUEFEIMACE (MAC Layer) .

kernel/drivers/rpmsg/rpmsg_core.c NJ& A% RPMsg Bus, FF$Efit4L4i)Z (Transport Layer) .
kernel/drivers/rpmsg/rockchip_rpmsg_test.c $& fi— AN i 5 [ 1% (8] 38 45 38 18 1) i AN A Hs Wi () 7 il
RPMsg TTY S

Linux kernel [F]i 32 #:4% RPMsg FE4% Ak TTY Be#%, HIEE A5 F FiRF Linux —2(, Linux ¥
RPMsg —#fF N Master, f£5 Remote #ATIEFEI 75 E A £ (endpoint), — Ml 1E (channel) fo V161 &
A, I RS A A FR( service name) K B (AR 28, AR BEAE Linux(Master) FAHE R 55 25 44
FR(local service name)FIiZLFE Remote 1% IR 55 2% 4 FRAHIUCACHS , 7538 1E (channel ) (1) 9 3 St B8 1 4
AT DURH FLIEAE IR 2 0

tkernel/drivers/rpmsg/rockchip_rpmsg_test.c:

static struct rpmsg device id rockchip rpmsg test id table[] = {
{ .name = "rpmsg-ap3-ch0" },
{ .name = "rpmsg-mcuO-test" 1},
{ .name = "rpmsg-perf-bw-test" },
{ .name = "rpmsg-perf-pingpong-bw-test" 1},
{ .name = "rpmsg-latency-test" },
{ /* sentinel */ },

i
fE kernel/drivers/rpmsg/rockchip_rpmsg_test.c 7 B [ 41 b JLANR 55 2% 4 PR (service name), 1] Remote Ui /£
Link SERE, P RAIE IS A0 B 1) R 55 3 40 PR Gt B 42, 7244 FRUCECIS I FH probe BRI

RPMsg TTY JREEM 2 U0k, £ RACE S, Reomte i & EVCHL IR S5 23 4 FK, Linux RPMsg £ Y& 2T
BCf 44k, A probe BREL, RN HS RPMsg 7 EMEER TTY #%, VEMBDNE v LUK IR /dev/ttyRPMSG

TTY B HIIn T
Remote i 7E I 4436 5, f#H rpmsg_ns_announce & i%"rpmsg-tty" iR 55 %% 44 FK :
ept = rpmsg lite create ept(instance, RPMSG HAL REMOTE TEST3 EPT, remote ept cb,

info) ;

rpmsg ns_announce (instance, ept, "rpmsg-tty", RL NS CREATE) ;

kernel/drivers/tty/rpmsg_tty.c

static struct rpmsg device id rpmsg driver tty id table[] = {
{ .name = "rpmsg-tty" },
{1



6.3.3.2 RPMsg-Lite i& it

RPMsg-Lite &% =7 FFE 7%, 255 Linux RPMsg KL,

RPMsg-Lite = Z ARG L5

test_demo.c

rpmsg_lite.c

FPMsg_env_xxx.c

rpmsg_platform.c

RPMsg-Lite (JSEILA] LA =AM A0, AR ikt B OHMAL T pmsg lite.co INTT 2 14
T U FHZE APT (7F rpmsg_queue.c H1) Fl Name Service endpoint, A a1 B 2715 55 (7
rpmsg_ns.c F) .

KPR ) AF U5 A2 A virtqueue.c FHSEBLAY, 32 2E5E SORHRAE B2 AAA A IO BctR 4544, #7140 vring B

virtqueue .

B AWANZ: environment fl platform. environment J 4T3 &N IA 35 BAHSEIL,  AIARHLIA % Bare-
metal 7£ rpmsg_env_bm.c 528, RT-Thread /3% 7E rpmsg_env rt thread.c FHSEHL, 244K, JFRE AT
S AR, SEPLXT 45 2 RTOS [ FF. platform 7E rpmsg_platform.c FFSZEl, = ZESI A I AC & AN
filke, W ESCAA, TR — B B AN E R T (MailBox BT o WIERAFELE cache B LN
FEHNE R i, BT EAE platform shRE(T HARRI#AE, RPMsg-Lite 1] LS
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RPMsg-Lite Architecture

main.c

rpmsg_ns.c 4-———-——_—_—__— \

rpmsg_gueue.c
rpmsqg_lite_release_rx_buffer
rpmsg_lite_*_ept()
rpmsg_format_message() - internal

=
rpmsg_lite.c env_*_queue()

platform_init_interrupt()

virtqueue_=() platform_deinit_interrupt()
platform_notify()
virtqueue_notification() rpmsg_env_brm.c platform_=()
virtqueue.c « — rpmsg_platform.c
rpmsg_env_freertos.c
D application D media access layer
D RPMsg-Lite base D porting layer

6.3.3.3 MCU RPMsg-Lite i& it

MCU [FI##f# ] RPMsg-Lite, ZVER IR T MCU F27E A A7 (IR, S 22 5o 3 =2 g £2 1 bl
5 B HBTAC & uboot A rppmsg_platform.c. H i RPMsg (3L Z F /2 #8ALT unCache T, B LAAS 7 ZLRIH
Cache RERUENAFEHE — 3, X T4 MCU [°F & R R EEREILE AR g, —f MCU (3l
42 4F Uboot AT HIAAAL «

£ MCU i RAM 2 aaHhE i ITS BCE ML N, MSBrrY bt /7 7E i F2, FTLL MCU & 3L = 17
HohE AR SE RV E b IE A7 AR A2, X L BCR 3L S AP RO FUE MCU 2 5, J7 )5 86454

PL RK3562 N, ZA7asit I3 TRM kY, H il SDK FLZ= ik fic B 78 0x07C00000, K/NKy
0x500000, MCU RAM itf& bk f1 ITS 1445 Uboot, Pt E H0x7b00000, ff LLZE u-boot/arch/arm/mach-
rockchip/rk3562/1k3562.cH:

int fit standalone release(char *id, uintptr t entry point)

{

/* bus m0 configuration: */
/* open hclk dcache / hclk icache / clk bus m0 rtc / fclk bus m0 core */
writel (0x03180000, TOP CRU BASE + TOP CRU GATE CON23);

/* open bus m0 sclk / bus mO hclk / bus m0 dclk */
writel (0x00070000, TOP_CRU_BASE + TOP_CRU_CMO_GATEMASK) g

/*
* mcu cache peripheral addr
* The uncache area ranges from 0x7c00000 to O0xffb400000
* and contains rpmsg shared memory
*/
/*ZHUR0x07c00000F)0x££040000#IE N S uncahce, WIfRILFENIFAE T uncache*/
writel (0x07c00000, SYS GRF BASE + SYS GRF_SOC CON5);
writel (0xffb40000, SYS GRF_BASE + SYS GRF_SOC_CON6) ;
/*BEEMCU RAMRTLG HdE* /
sip smc mcu config (ROCKCHIP SIP CONFIG BUSMCU 0 ID,
ROCKCHIP SIP CONFIG _MCU CODE_START ADDR,
Oxffff0000 | (entry point >> 16));
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/* release dcache / icache / bus m0O jtag / bus m0 */

writel (0x03280000,

/* release pmu mO jtag / pmu mO */

/* writel (0x00050000,

return O

’

MCU [1J amp.its H':

TOP_CRU_BASE + TOP_CRU_SOFTRST CON23);

PMU1l CRU BASE + PMUl CRU SOFTRST CON02) ;

*/

/*
* Copyright (C) 2023 Rockchip Electronics Co., Ltd
*
* SPDX-License-Identifier: GPL-2.0
*/
/dts-v1l/;
/A
description = "Rockchip AMP FIT Image";
#address-cells = <1>;
images {
mcu |
description = "mcu";
data = /incbin/ ("./mcu.bin") ;
type = "standalone"; // must be "standalone"
compression = "none";
arch = "arm"; // "arm64" or "arm", the same as U-Boot
state
load = <0x07b00000>; //MCU RAM HCafHihl:
udelay = <1000000>;
hash {
algo = "sha256";
};
}i
}i
configurations {
default = "conf";
conf {
description = "Rockchip AMP images";
rollback-index = <0x0>;
loadables = "mcu";

}i

bi

signature {
algo = "shaz256,rsa2048";
padding = "pss";
key-name-hint = "dev";
sign-images =

}i

"loadables"

gee_bus_m0.1d FL B ] LA, L= NAE R R — MWtk



/* SPDX-License-Identifier: BSD-3-Clause */

/*
* Copyright (c) 2023 Rockchip Electronics Co.,
LY/

MEMORY

{
# RAM fEgaiihh, ESLHEMHEE 0x07000000

RAM (rxw) : ORIGIN = 0x00000000, LENGTH = 0x100000

# RPMsg FEZEPNfEHibE, ESEIHiME 0x07c00000

LINUX RPMSG (rxw) : ORIGIN = 0x00100000, LENGTH

0x00500000

[F S N7 R B B Master %157, MCU {E4 Remote ¥, M vring FREUE] Y buffer Hhhik B sz B L,
T DATE 32 A SO #1875 B0t HR S Bt bk HEAT (R A AL BE, 2% rpmsg_platform.c

#ifdef HAL MCU CORE
/* MCU offset address */
#ifdef HAL CACHE DECODED ADDR BASE

#define RL _PHY MCU OFFSET HAL CACHE DECODED ADDR BASE

#else
#define RL PHY MCU OFFSET (0U)
#endif
#endif

/**
* platform patova

*

* Dummy implementation
*
=Y
void *platform patova(uint32 t addr)

{
#ifdef HAL MCU CORE

addr -= RL_PHY MCU OFFSET;
fendif
return ((void *) (char *)addr);

6.4 RPMsg 4r AL B

6.4.1 Kernel + RT-Thread

Kernel it & :

## 6T HAMailBox L HF
CONFIG MAILBOX=y

CONFIG ROCKCHIP MBOX=y

## 6% MailBox Wik
CONFIG_RPMSG ROCKCHIP MBOX=y
CONFIG RPMSG VIRTIO=y
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FFATTY B30

CONFIG_RPMSG TTY=y

RT-Thread i & :

1&47 scons --menuconfig

## H6E JFJHRPMsg-Lite
CONFIG RT USING RPMSG LITE=y
## 6w JFJHLinux+RTT RPMsg
CONFIG_RT USING LINUX RPMSG=y

6.4.2 Kernel + HAL

Kernel fic & :

## HFeF JFEMailBox3CHF
CONFIG MAILBOX=y
CONFIG_ROCKCHIP MBOX=y

## 6T MailBox Wik
CONFIG_RPMSG ROCKCHIP_ MBOX=y
CONFIG _RPMSG VIRTIO=y

HAL Bl & :
HAL ERIAJF S RPMSG K2 HE, HI LIS %ERPMsg MR~ H %45, /348 HAL #9313 demo.

// fEtest demo.c HH/H
#define RPMSG_LINUX TEST

6.4.3 RT-Thread + HAL

RT-Thread ACE :
J&4T scons --menuconfig

#4# *e® JFERPMsg-Lite FF
CONFIG_RT_USING RPMSG LITE=y

6.5 RPMsg Ul iRk 715
6.5.1 Kernel + RT-Thread

Kernel RPMSG #Z A EHESE, JEJZ@ERCAE VirtlO J7 5. FEMAMBRAAI T

kernel/drivers/rpmsg/rpmsg core.c
kernel/drivers/rpmsg/virtio rpmsg bus.c
kernel/drivers/rpmsg/rockchip rpmsg softirqg.c

kernel/include/linux/rpmsg/rockchip rpmsg.h
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6511 XEHRNF

Pl SDK #24E1 demo A1, *il43 5sM FLZE N L RPMSG, HH 4M 24 VRING BUFFER, 1M A VDEV
BUFFER. H #i3t%E NS HF unCache.

Kernel Path: SDK/kernel/arch/arm64/boot/dts/rockchip/rkxxxx-amp.dtsi

reserved-memory {
#address-cells = <2>;
#size-cells = <2>;

ranges;

/* remote amp core address */
amp_reserved: amp@2e00000 {
reg = <0x0 0x2e00000 0x0 0x1200000>;
no-map;
}i

rpmsg_reserved: rpmsg@7c00000 {
reg = <0x0 0x07c00000 0x0 0x400000>;
no-map;

}i

rpmsg dma reserved: rpmsg-dma@8000000 {

compatible = "shared-dma-pool";
reg = <0x0 0x08000000 0x0 0x100000>;
no-map;

}i
}:

RTT Path: SDK/rtos/bsp/rockchip/rk3308-32/board/common/board base.c

1.MMU BESSN unCache

{LINUX SHMEM BASE, LINUX SHMEM BASE + LINUX SHMEM SIZE - 1, LINUX SHMEM BASE,
UNCACHED MEM},

6.5.1.2 J1i& Demo

6.5.1.2.1 Kernel Demo

1E Kernel T-F2H & 4L B S A kernel/arch/arm64/configs/xxxx_defconfig
CONFIG_RPMSG ROCKCHIP TEST

3 menuconfig fit & 3¢ AL & :
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## Hem ITIFRLEA M
make ARCH=armé64 rkxxxx linux defconfig

make ARCH=arm64 menuconfig

# ATITRURETTR
CONFIG_RPMSG_ROCKCHIP_TEST

# Her (RIFILE
make ARCH=arm64 savedefconfig
cp defconfig arch/arm64/configs/rkxxxx linux defconfig

Kernel Demo Path: kernel/drivers/rpmsg/rockchip rpmsg_test.c

1.demo FEHHFE

static struct rpmsg driver rockchip rpmsg test = {
.drv.name = KBUILD MODNAME,
.drv.owner = THIS MODULE,
.id table = rockchip rpmsg test id table,
.probe = rockchip rpmsg test probe,
.callback = rockchip rpmsg test cb,
.remove = rockchip rpmsg test remove,

}i

2.rockchip rpmsg test id table
/* FFMHannounceFEFH Bl — N flept name, WA N HEER F I name Xt W N probe i+ */

static struct rpmsg device id rockchip rpmsg test id table[] = {
{ .name = "rpmsg-ap3-ch0" },
{ .name = "rpmsg-mcuO-test" 1},

{ /* sentinel */ },

}i

3.rockchip rpmsg test probe
static int rockchip rpmsg test probe(struct rpmsg device *rp)
{

int ret, size;

uint32 t master ept id, remote ept id;

struct instance data *idata;

master ept id = rp->src;
remote ept id = rp->dst;
dev_info (&rp->dev, "new channel: 0x%x -> 0x%x!\n", master ept id,

remote ept id);

/*probek —EH L X% remote, ikremoteHliEmaster ept id*/
ret = rpmsg_ send(rp->ept, LINUX TEST MSG 1, strlen(LINUX TEST MSG 1));
if (ret) {

dev_err (&rp->dev, "rpmsg send failed: %d\n", ret);

return ret;

/*IBATIR* /
ret = rpmsg sendto(rp->ept, LINUX TEST MSG 2, strlen(LINUX TEST MSG 2),
remote ept id);
if (ret) {
dev_err (&rp->dev, "rpmsg send failed: %d\n", ret);

return ret;



return 0;

4.rockchip rpmsg test cb
static int rockchip rpmsg test cb(struct rpmsg device *rp, void *payload,

int payload len, void *priv, u32 src)

int ret, size;
uint32 t remote ept id;

struct instance data *idata = dev get drvdata (&rp->dev);

/* master K58 —EHHisremote)d, remotetl ek —EHHHIL K */
remote ept id = src;
dev_info (&rp->dev, "rx msg %$s rx count %d(remote ept id: 0x%x)\n",

(char *)payload, ++idata—>rx_count, remote_ept_id);

/* MECRECR 10000 /58 */
if (idata->rx count >= MSG LIMIT) {
dev_info (&rp->dev, "Rockchip rpmsg test exit!\n");

return 0;

/* WCRIE JE TRRORE AN B gt o+ /
ret = rpmsg sendto(rp->ept, LINUX TEST MSG 2, strlen(LINUX TEST MSG 2),
remote ept id);
if (ret)
dev_err (&rp->dev, "rpmsg send failed: %d\n", ret);

return ret;

BAAREE R B B
B £ Wi B
rpmsg_send() [ 32 i A 3 8% 125 9 IR
rpmsg_sendto() [ I8 R AL PR 2% IR JEL, 487 remote ept id

R EEMZERIENE BRI RE B E T dst Al sre 25378 master ept id 1 remote ept id, XfF master
5 KL dst Al sre 13 master ept id F1 remote ept id , ¥ remote 33Kk dst F1 src £4F remote ept id

master ept id.
6.5.1.2.2 RTT Demo

fid B E . scons --menuconfig

CONFIG RT USING RPMSG LITE=y
CONFIG RT USING LINUX RPMSG=y
CONFIG _RT USING COMMON TEST LINUX RPMSG LITE=y

RTT Demo Path: rtos/bsp/rockchip/common/tests/rpmsg_test.c

static void rpmsg linux test(void)

{
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int j;

uint32 t master id, remote id;

struct rpmsg info t *info;

struct rpmsg block t *block;

rpmsg queue handle remote queue;

char *rx msg = (char *)rt malloc(RL BUFFER PAYLOAD SIZE);
uint32 t master ept id;

uint32 t ept flags;

void *ns cb data;

rpmsg_share mem check();

master id = MASTER ID;

remote_id = HAL CPU TOPOLOGY GetCurrentCpuId();

rt_kprintf ("rpmsg remote: remote core cpu id-%1d\n", remote id);
rt_kprintf ("rpmsg remote: shmem base-0x%1lx shmem end-%1x\n",
RPMSG_LINUX MEM BASE, RPMSG LINUX MEM END);

info = malloc(sizeof (struct rpmsg info t));
if (info == NULL) {
rt_kprintf ("info malloc error!\n");

while (1) {

’

}
info->private = malloc(sizeof (struct rpmsg block t)):;
if (info->private == NULL) {

rt_kprintf ("info malloc error!\n");

while (1) {

’

/*WeErpmsg ept*/

info->instance = rpmsg lite remote init ((void *)RPMSG LINUX MEM BASE,

RL PLATFORM SET LINK ID(master id, remote id), RL_NO FLAGS) ;

rpmsg_lite wait for link up(info->instance);

rt_kprintf ("rpmsg remote: link up! link id-0x%1x\n",
info->instance->link id);

rpmsg ns_bind(info->instance, rpmsg ns cb, &ns_cb data);

remote queue = rpmsg queue create(info->instance);

info->ept = rpmsg lite create ept(info->instance,

RPMSG RTT REMOTE TEST3 EPT ID, rpmsg queue rx cb, remote queue);

/*M#announcesEF I — AN flept namemasterif N */
ept flags = RL NS CREATE;
rpmsg ns_announce (info->instance, info->ept,

RPMSG_RTT REMOTE TEST EPT3 NAME, ept flags);

/****************** rpmsg test run **************/
for (j = 0; j < 100; j++)
{
rpmsg_queue recv (info->instance, remote queue,
(uint32 t *)&master_ept_id, rx msg,
RL BUFFER PAYLOAD SIZE, RL NULL, RL_BLOCK) ;
// rpmsg_queue recv_nocopy (remote rpmsg, remote queue, (uint32 t *)é&src,
(char **)&rx msg, RL NULL, RL BLOCK) ;
rt_kprintf ("rpmsg remote: master ept id-0x%lx rx msg: %$s\n",

master ept id, rx msqg);



rpmsg lite send(info->instance, info->ept, master ept id,
RPMSG_RTT TEST MSG, strlen(RPMSG RTT TEST MSG), RL_BLOCK) ;

FAARB R B IR -

B % wH

rpmsg_lite_remote_init() RPMsg-lite remote ¥ii ] 4544

rpmsg_queue_create() RPMsg-lite B BA 1]
rpmsg_lite create_ept() A1 iy A1
rpmsg_queue_recv() BB B B 3 B 1 21547 X

, 45 %€ name service ept (0x35iX P ept id/& % [ ]4name service ] T-f&#7il
rpmsg_ns_bind() " -

SELUEZC )

rpmsg_ns_announce() 75 B remote new ept name
rpmsg_lite_send() RILTH B

6.5.1.2.3 K Bk D log

Linux master core RPMSG J{Ih: 258 H a0 N7 EN:

[ 1.105178] rockchip-rpmsg 7c00000.rpmsg: rockchip rpmsg platform probe.

[ 1.105228] rockchip-rpmsg 7c00000.rpmsg: assigned reserved memory node
rpmsg _dma@8000000
[ 1.105239] rockchip-rpmsg 7c00000.rpmsg: rpdev vdevO: vring0 0x7c00000,

vringl 0x7c08000

[ 1.105720] virtio rpmsg bus virtioO: rpmsg host is online

remote core &2 name service announce J5, Linux master core §87& 241 N7 EQ:

[ 1.105808] virtio rpmsg bus virtioO: creating channel rpmsg-ap3-chO addr 0xc3
[ 1.105980] rockchip rpmsg test virtioO.rpmsg-ap3-ch0.-1.195: rpmsg master:

new channel: 0x400 -> 0xc3!

HA, rpmsg-ap3-ch0 A4 ept name, 0x400 >y Master ept id, 0xc3 >y Remote ept id.

RT-Thread A& R, JFHL log {52 417F -

[(3)0.101.712] rpmsg remote: remote core cpu id-3
[(3)0.101.890] rpmsg remote: shmem base-0x7c00000 shmem end-8100000
[(3)0.506.840] rpmsg remote: link up! link id-0x3

RPMSG FLAG EX T
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/* rpmsg flag bit definition
* bit 0: Set 1 to indicate remote processor is ready
* bit 1: Set 1 to use reserved memory region as shared DMA pool

* bit 2: Set 1 to use cached share memory as vring buffer

*/
#define RPMSG REMOTE IS READY BIT (0)
#define RPMSG_SHARED DMA POOL BIT (1)
#define RPMSG CACHED VRING BIT (2)
6.5.2 RT-Thread + HAL

RTOS 1] RPMsg-lite 22 A% B 15 A& L AEAZ o] R T AT 2 N A2 R 2 mt bo @ i An AL AESE, SEIlZ iz
[EJ A S . BRIAECE CPU 1N Master, HAth CPU &y Remote.

6521 EERNE

RT-Thread F£= P9 A7 46 (It K K/
LR WA XS AR S

Path: rtos/bsp/rockchip/rkxxxx-32/gcc_arm.ld.S

.share lock (NOLOAD) :
{
= ALIGN (64);
PROVIDE (_ spinlock mem start = .);
+=  SPINLOCK MEM SIZE;
PROVIDE ( spinlock mem end = .);
= ALIGN (64);
} > SHMEM

.share rpmsg (NOLOAD) :
{
= ALIGN (0x1000) ;
PROVIDE (_ share rpmsg start = .);
+= __ SHARE RPMSG_SIZE;
PROVIDE (_ share rpmsg end = .);
= ALIGN (0x1000) ;
} > SHMEM

.share data
{
= ALIGN (64);
PROVIDE (_ share data start = .);
KEEP (* (.share_data))
PROVIDE (_ share data end = .);
= ALIGN (64) ;
} > SHMEM AT > DRAM

HAL L5 A TF R Lk &% R/
L N AF DR A AR i
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Path: hal/project/rkxxxx/GCC/gcc_arm.ld.S

.share lock (NOLOAD)
{
= ALIGN (64);
PROVIDE (_ spinlock mem start = .);
+= _ SPINLOCK MEM SIZE;
PROVIDE (_ spinlock mem end = .);
= ALIGN (64) ;
} > SHMEM

.share rpmsg (NOLOAD) :
{
= ALIGN (0x1000) ;
PROVIDE (_ share rpmsg start = .);
+= SHRPMSG SIZE;
PROVIDE (_ share rpmsg end = .);
= ALIGN (0x1000) ;
} > SHMEM

.share ramfs (NOLOAD) :
{
= ALIGN (0x1000) ;
PROVIDE (_ share ramfs start = .);
+= SHRAMFS SIZE;
PROVIDE (_ share ramfs end = .);
= ALIGN (0x1000) ;
} > SHMEM

.share log (NOLOAD) :
{
= ALIGN (64) ;
PROVIDE (_ share log0 start = .);
+= SHLOGO SIZE;
PROVIDE (_ share log0 end = .);

= ALIGN (64) ;
PROVIDE (_ share logl start = .);
+= SHLOGl SIZE;
PROVIDE (_ share logl end = .);

= ALIGN(64);
PROVIDE (_ share log2 start = .);
+= SHLOG2 SIZE;
PROVIDE (_ share log2 end = .);

= ALIGN (64);
PROVIDE (_ share log3 start = .);
+= SHLOG3_ SIZE;
PROVIDE (_ share log4 end = .);
= ALIGN (64);
} > SHMEM



6.5.2.2 JliX demo

6.5.2.2.1 RTT Demo

Path: SDK/rtos/bsp/rockchip/rkxxxx-32

BLESZHELE : scons --menuconfig

CONFIG RT USING RPMSG LITE=y
CONFIG_RT USING COMMON TEST RPMSG LITE=y
RTT Demo Path: rtos/bsp/rockchip/common/tests/rpmsg_test.c

RPMsg-lite A% CMRASA7 T rtos/bsp/rockchip/common/drivers/rpmsg-lite H ¢ T o e HAARE 1158 H i B
¥

BRI 3 Ui B

rpmsg_lite_master_init() RPMsg-lite master i #] 4L,
rpmsg_lite_remote_init() RPMsg-lite remote 3 4451k
rpmsg_lite_wait_for link up() RPMsg-lite remote ¥ify 55 5 4] 45 A0 BE 42 il D)
rpmsg_queue_create() RPMsg-litefill & fA 51

rpmsg_lite create ept() B 7 I 1

rpmsg_queue_recv() Pl 5B 52 1 2 A Hibuffer
rpmsg_queue_recv_nocopy() PR B HHE B AR TR
rpmsg_lite_send() KIETH B

6.5.2.2.2 HAL Demo

File: SDK/hal/project/rkxxxx/src/main.c

#define TEST DEMO
#define TEST USE RPMSG INIT

File: SDK/hal/project/rkxxxx/src/test_demo.c

#define RPMSG_TEST

HAL Demo Path: hal/project/rkxxxx/src/test_demo.c

RPMsg-lite 4% CMRASALT: hal/middleware/rpmsg-lite/ H 3% F . F AR DR BER AT -
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B £ L]

rpmsg_lite master init() RPMsg-lite master %t #) 414
rpmsg_lite remote_init() RPMsg-lite remote ¥ #1461t
rpmsg_lite_wait for link up() RPMsg-lite remote iy 5515 41 46 40 B 422 1l 2
rpmsg_lite_create_ept() B iy 1

rpmsg_lite_send() RIETH B

6.5.2.2.3 M4 R

FEH D& D & B log 158

## ez rpMSG Mikdrd

msh >rpmsg master test

$4 H6H WIRLR

[(1)21.952.622] rpmsg probe remote cpu(0) ept (0x80008000) sucess!
[(1)22.031.235] rpmsg probe remote cpu(2) ept (0x80008002) sucess!
[(1)22.086.368] rpmsg probe remote cpu(3) ept (0x80008003) sucess!
[(1)22.086.410] rpmsg master send: master[l]-->remote[0], remote ept addr
0x80008000

[(0)22.152.780] rpmsg_remote recv: remote[0]<--master[l], master ept addr =
0x80000000

[(0)22.152.959]rpmsg_remote send: remote[0O]-->master[l], master ept addr =
0x80000000

[(1)22.153.616] rpmsg master recv: master[l]<--remote[0], remote ept addr
0x80008000

[(1)22.154.272] rpmsg master send: master[l]-->remote[2], remote ept addr
0x80008002

[(2)22.231.397]rpmsg_remote recv: remote[2]<--master[l], master ept addr =
0x80000002

[(2)22.231.580]rpmsg_remote send: remote[2]-->master[l], master ept addr =
0x80000002

[(1)22.232.237] rpmsg master recv: master[l]<--remote[2], remote ept addr
0x80008002

[(1)22.232.893] rpmsg master send: master[l]-->remote[3], remote ept addr
0x80008003

[(3)22.286.525]rpmsg_remote recv: remote[3]<--master[l], master ept addr =
0x80000003

[(3)22.286.706] rpmsg_remote send: remote[3]-->master[l], master ept addr =
0x80000003

[(1)22.287.363] rpmsg master recv: master[l]<--remote[3], remote ept addr
0x80008003

[(1)22.288.017] rpmsg test OK!
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7. FTE Pl

7.1 Cortex-A GIC

Cortex-A GIC (Generic Interrupt Controller) &—FfH T-AbBE Ah Wrid SR (U . & (4F 2 B BEA0 40 e %
TR R, FK EATRIELE AL ER 2% O LLAAT A B 1 0 B R 5 207

GIC AT AN GICv2 « GICV3 WA, HHS R FE Mo T

Chip GICv2 GICv3
RK3588 v
RK3576 v

RK3568 v
RK3562 v

RK3358 v

RK3308 v

GICH L& = AN R ST f Fh 1By -

1. SGI: i 5 0-15, #AF=ERFK, &4 CPU LA .
2. PPL: 15 16-31, RERISMEFW, &4 CPUREA .
3. SPL: i 328, AFLAAMEFWT, BTE CPU JLZE.

=R A, SEBL T AR E N o RIS, SRR E SO, AR AN (0 25 T AN R 50 2H
2 o

Hh A P 2P R 5 AR LA 5

1. GIC WAL E . BC B G W5 o0t R T AR SE 4, - DL R IR 35 R 5 il CPU SKIZAT -
2. GIC WA S5 REFPIE MY : R MR RE F -5 068 2 14 iR 35 2 o

3. GIC i fig: fERETHWT, RETAEEIPIT, JFmN.

4. P B AR H R, AERLERGE AR T

PL¥E RK3562 Bare-metal 1 RTOS FHBC & GPIO H W A, i 245 I ] i &

7.1.1 GIC F e B

1t Bare-metal 1 RTOS ', k¥ irgsconfig GHIARNIE LA HE :

e RTOS: <AMP SDK>/rtos/bsp/rockchip/rk3562/board/common/board base.c
e Bare-metal: <AMP_SDK>/hal/project/rk3562/src/main.c i
<AMP_SDK>/hal/project/rk3308/src/main.c, RSB 22, AR E

(A CE APSE

#define DEFAULT IRQ CPU 1 /* fEMERZFEZL, KIELhrBL *+/
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struct GIC AMP IRQ INIT CFG irgsConfig[] = {

GIC_AMP IRQ CFG_ROUTE (GPIOO IRQn, 0xd0, CPU_GET AFFINITY (0, 0)), /* ¥JI CPUO
MR, CPUO HHWTfIERAE */

GIC_AMP TRQ CFG ROUTE (0, 0, CPU GET AFFINITY (DEFAULT IRQ CPU, 0)), /*
sentinel */

}i

struct GIC IRQ AMP CTRL irgConfig = {
.cpuAff = CPU GET AFFINITY (DEFAULT IRQ CPU, 0),
.defPrio = 0xdO,
.defRouteAff = CPU GET AFFINITY (DEFAULT IRQ CPU, O0),
.irgsCfg = &irgsConfigl[0],

}i

int main ()

{
HAL GIC Init(&irgConfig);
VA

1E% A4 Bare-metal fIl RTOS FLE Y, AT RAIHLFIXTKREH
F P B B

e DEFAULT IRQ CPU: BRNMIN AT W) CPU . irgsConfig AFCERIAIHNT, #k
DEFAULT IRQ CPU [,

e GIC AMP IRQ CFG ROUTE (irgNum, Priority, CPU GET AFFINITY (cpulD, cpuCluster)) &

B

ZH B

irgNum h

Priority Ak (ERBRIME, AFHEEBD

cpulD Wi % T ) CPU 5

cpuCluster cpu 2, Z T RKMEZRGH . RK3562, 1HZ%HN 0

7.1.2 GIC H Wi IR &2 7

7.1.2.1 Bare-metal GIC F 1 iR &5 2 7

NP GPIOO ) C4 pin JI & ETH b & 9], fa UL GPIO HhIkrfs I U i

// GPIOO MRS EAL
static void gpio isr(int vector, void *param)
{
Il ocoocooc
HAL GPIO_ IRQHandler (GPIOO, GPIO_ BANKO) ;
/] e


af://n1108
af://n1109

// GPIOO C4 pin JAIHPIKT [l 6f 4
static HAL Status c4 call back(eGPIO bankId bank, uint32 t pin, void *args)

{
I/ cocooc
return HAL OK;

// GPIO JHIH Ml 7
static void gpio test (void)

{

/* Step 1: GIC WH */

/* WE GIC (GPIOO) WIS, fERerhi, RGBT */
HAL TRQ HANDLER SetIRQHandler (GPIOO IRQn, gpio isr, NULL);
HAL GIC Enable (GPIOO IRQn);

/* Step 2: FithikHE */

/* WH GPIOO C4 AN */

HAL GPIO SetPinDirection (GPIOO, GPIO PIN C4, GPIO IN);

/* WH GpIo0 c4 WAL, FIEEEL, JFHEAERE cPIo0 c4 [ 10 hMF */

HAL TRQ HANDLER SetGpioIRQHandler (GPIO BANKO, GPIO PIN C4, c4 call back,
NULL) ;

HAL GPIO SetIntType (GPIO0, GPIO PIN C4, GPIO INT TYPE EDGE RISING);

/* e GPIO T, fEARHREESSA R */

HAL GPIO EnableIRQ(GPIO0, GPIO PIN C4);

B, ARG E o PR )

o GIC WH: FLE P WM R gpio_isr, FFERERGPWHEY. ZEHOWE, WA HWHEN, %
—HCEE

o MEERCE: FCE BT, AR Th BT E S A GICK . i N, EEREEE SR
W, HERBA K, FEEMSHERRE, 550,

Ky GPIO [+ W2 32 A5 I — > GPIO HhlbiE 5, A bUEREIH, RS him 7
HAL GPIO_IRQHandler PR, FHISRPCAELfA 5] [ ok % .

7.1.2.2 RTOS GIC T Wi R G 1EF

RTOS 1, ] LU F Bare-metal #:11, {# FBare-metal GIC Wi IR &5 A% FE v WAl 7. AT LU A RTOS
BrEBEE 0. FFE#E A GPIOO0 K C4 pin HIE B L & #I5]F, RTOS HIEEA:

// GPIO HHIH Wi fs FH 7= 431
void irqg callback(void *args)

{

static void gpio test (void)

{
struct rt device pin mode pin _mode;

rt device t pin dev = rt device find("pin");

rt device open(pin dev, RT DEVICE FLAG RDWR);
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pin mode.pin = BANK PIN(0, GPIO PIN C4); /* GPIOO C4 */

pin mode.mode = PIN MODE INPUT;

rt device control (pin dev, 0, &pin mode);

rt pin attach irqg(pin mode.pin, PIN IRQ MODE RISING, irqg callback, RT NULL);
rt pin irg enable(pin mode.pin, PIN IRQ ENABLE) ;

BEPRA—FE, ZREK, BARZHERT-Thread 5 J7 34

7.2 Cortex-M NVIC

Cortex-M NVIC (Nested Vectored Interrupt Controller) & AbBEZSH T B B Wi SBE 1. &Mt E
Aoy Bk 5 AN N IR RS R, R AR IS S E Y AL B AR L AT AR B

TENFEE: RK3588. RK3576. RK3562, FEIZLr2 Cortex-M0 271,

Cortex-M0 R W KB 32 ANl . EE 2 R b/ 2T — 8. ik, 5] N INTMUX
B, RATBERISINEZ R, HFESF K.

NVIC FH W i 28 B & UR LA J5 T »

1. NVIC HWiHIaa b FIaa 4k o W ) & R FINVICTE Hl] 2% -

2. NVIC H Wi R4 F2 Py Mt 33 Mt s Hh W5 ot o2 e o B AR 25 R 0 o
3.NVIC i liffige: RN, RauaelEId W, FHmpi,

4. FL B MR Wy, AR AR A

PLFE RK3562 Bare-metal MCU #1 RTOS MCU H it & GPIO I M, 1) EL 358 B TN it & .

7.2.1 NVIC F Wi #1461k

£ Bare-metal 1 RTOS ', NVIC 1 Wi#Iaa b D& & 7E 5aL Init () 7, BB HAL Init BLH
AR I NVIC $#A4E#R T LA a0 1 -

/* <AMP_SDK>/hal/lib/hal/src/hal_base.c */

HAL Status HAL Init(void)

{

#ifdef _ CORTEX M

#ifdef HAL NVIC MODULE ENABLED
/* Set Interrupt Group Priority */
HAL NVIC Init();

/* Set Interrupt Group Priority */
HAL_NVIC_SetPriorityGrouping (NVIC PRIORITYGROUP DEFAULT ) 8
#endif
#endif
/] e
return HAL OK;
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7.2.2 NVIC Wi R &2 P

7.2.2.1 Bare-metal GIC ' Wi iR 5572

N EL GPIOO ) C4 pin ¥ & ETHA il A ], a7 53t GPIO Hhli (s A1 i% .

// GPIO0 HHIIRSFEFEAN
static void gpio_isr(int vector, void *param)
{
VA
HAL GPIO IRQHandler (GPIOO, GPIO_ BANKO);
VA

// GPIOO C4 pin I IIE1H ek %k
static HAL Status c4 call back(eGPIO bankId bank, uint32 t pin, void *args)
{

/) cocooc

return HAL OK;

// GPIO HHIH {7 45l

static void gpio_test (void)

{

/* Step 1: GIC W& */

/* WHE NVIC (GPIO0) HWiIRSHET, (ERerhlr, i RReULBIBI il «/
HAL INTMUX SetIRQHandler (GPIOl IRQn, gpio isr, NULL);

HAL INTMUX EnableIRQ(GPIOl IRQn);

/* Step 2: MEHNE */

/* WE GPIO0 C4 ANMAIL */

HAL GPIO SetPinDirection (GPIOO, GPIO PIN C4, GPIO IN);

/* WHE GPIO0 c4 PR, [mFEE, JEHARE GpIOO Cc4 K1 1O i */

HAL IRQ HANDLER SetGpioIRQHandler (GPIO BANKO, GPIO PIN C4, c4 call back,
NULL) ;

HAL GPIO_SetIntType (GPIOO, GPIO PIN C4, GPIO INT TYPE EDGE RISING) ;

/* Afifg GPIO Hplbr, MEAEHREEA bl </

HAL GPIO EnableIRQ(GPIO0, GPIO PIN C4);

A, TG E S PR )

o NVIC W& FeE P Wi N KA gpio isr, HMBERGPWEAN. ZHa N, HHrA B WHEH,
G—MEZD . ZEE, FAMEH T INTMUX BUE], BTPAEF Ban inTMuxs** 4 JFERNVICH:
FIgEAT 17— k3, fHH LA NVIC R E0E R .

o MIPLUE: BB P, ATRIAE A HE S 4 NVIC B, %o A%, FERBERAC
MR, HERWIA—FE, TEFMSHEBIUH, wS5RH.

K4 GPIO FH Wi/ 32 AN 51 I — AN GPIO Fii{5 5, AU flrh, RS - n 1
HAL GPIO_IRQHandler PR, FHISRPCAELfA 5] ANy [l ok % .
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7.2.2.2 RTOS NVIC H i IR %12 5

HHERTOS GIC H W IREFT

7.3 RISC-VH Wi 15 11| 2%

RISC-V IPIC (Integrated Programmable Interrupt Controller) & AbH 3% rp F T4 B AR T R B AL . B
TR EAI SR ACOR B AN IR K R WTE SR, IR EATRIR S IS S I AL S B O AT AL S

YHRHT G4 RK3568, TEZ L RISC-V £&741,

RISC-V R W KIEA N 32 A rprllre FRE 2 K Il s 23T — 205, ik, 51N INTMUX #l
i, RATBERISINEZ i, TR K

IPIC Hh W 2 B 5 LA R LA J5 T :

L IPIC i gIaatl: AIaG A Hh b 1) S 2 ANIPICHS il 4% -

2. IPIC Wi AR S5 RE M RS 52 W5 X L PR A 25 R
3. IPIC TR fHREH T, RETAEUEIThWr, JFmIR.

4. Mo B AR, AERLEREE AL T

PLYE RK3568 Bare-metal RISC-VAI RTOS RISC-VHELE GPIO F1 7y, a2 BB ANt & .

7.3.1 IPIC F ¥ #]i54k

7t Bare-metal il RTOS ', IPIC "FWiHIdG M AW & 7E HAL INTMUX Tnit () BT, BB
HAL INTMUX_Init () B(ERJHFRIR IPIC #/EHTA] LASEIIIAA 1L .

/* <AMP_SDK>/hal/lib/hal/src/hal intmux.c */

HAL Status HAL INTMUX Init(void)
{
Y/
#ifdef HAL RISCVIC MODULE ENABLED
HAL RISCVIC Init();
#endif
/] e
return HAL OK;

7.3.2 IPIC H Wi R &SR
7.3.2.1 Bare-metal GIC ' W7 iR 55 72 %

N LA GPIO4 ) CS pin I E A bk A, s 8 GPIO Wi F 51k

// GPIOO HWiRFFEF BN
static void gpio_isr(int vector, void *param)

{
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HAL GPIO_ TIRQHandler (GPIO4, GPIO BANKA4);
Jl coocooc

// GPIOO C4 pin [HI=RIHT[E]IE B& %L
static HAL Status c5 call back(eGPIO bankId bank, uint32 t pin, void *args)

/] ..
return HAL OK;

// GPIO M Wi H 7~ 15

static void gpio_ test (void)

/* Step 1: GIC &HE */

/* WHE IPIC (GPIO4) HMWIRSSFEF, (ERehlT, (fRGAEUBIBIR P */
HAL INTMUX SetIRQHandler (GPIO4 IRQn, gpio_isr, NULL) ;

HAL INTMUX EnableIRQ(GPIO4 IRQn);

/* Step 2: PHHUKE */

/* WH GPIO4 C5 AN */

HAL GPIO SetPinDirection (GPIO4, GPIO PIN C5, GPIO IN);

/* WHE Gprod4 c5 HMIRM. FIFKE, HHAEEE cpro4 c5 M) 1O HlM */

HAL TRQ HANDLER SetGpioIRQHandler (GPIO BANK4, GPIO PIN C5, c5 call back,

NULL) ;

HAL GPIO_SetIntType (GPIO4, GPIO PIN C5, GPIO INT TYPE EDGE RISING) ;
/* ffife GPIO M, fHEAEHAE/ =Tl */
HAL GPIO EnableIRQ(GPIO4, GPIO PIN C5);

B, A TG > P

o IPIC WE: BLE WM RE gpio isr, JHMERERGHWIH. ZH WA, WA R WHEH,
G- B, ZEHeh, EJvEH T INTMUX HLE], FreV#H] san InTMUX Init 5K IPIC
FEOHAT 7 — e, A BT IPIC JR e 57

o MLERBIE: RCEMBHh T, RIS A T S 54 IPIC Bk, iZMr WA, EEKIEEEE O

BN, AEREIA—FE, FEEMSHHEIUN], 55,

>y GPIO M rh b2 32 AN 51 I3LH — > GPIO Hhilifs 5, BBl i, ikifliess shsdin 1
HAL_GPIO_TROHandler BRI, FHSRMCA A5G BAI 019 ok £ .

7.3.2.2 RTOS IPIC F Wi R & 18P

HIHERTOS GIC TR FLE
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8. SB8E Btk

8.1 eMMC

8.1.1 HAL

KA A (2R ) 28 AN [H], eMMC BRZh45 >4 SDIO #1 SDHCI, S Az T hal/lib/sre/ F1 hal/middleware/sdhci/,
HAL $#2Et3Emis 580,
L RK3568 Jyfdl:

#include "mmc api.h"

#define TestSector 8

#define maxTestSector (TestSector * 4)
static int pWriteBuf|[maxTestSector * 128];
static int pReadBuf[maxTestSector * 128];

static int userCapSize;

static int SdhciInit (void)
{
int ioctlParam([5] = {0, 0, 0, O, 0};

int ret;

sdmmc_init ((void *)0xFE310000);
ret = sdmmc_ioctrl (SDM IOCTRL REGISTER CARD, ioctlParam);
if (ret) {

printf ("emmc init error!\n");

return -1;

ret = sdmmc ioctrl (SDM IOCTR GET CAPABILITY, ioctlParam);
if (ret) {
printf ("emmc get capability error!\n");

return -1;
userCapSize = ioctlParam[1];

static int SdhciTest (void)
{
int i, j, loop = 0;
int testEndLBA;
int testLBA = 0;
int testSecCount = 1;

int printFlag;
testEndLBA = userCapSize / 32;

for (1 = 0; 1 < (maxTestSector * 128); i++)

pWriteBuf[i] = i;
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for (loop = 0; loop < 2; loop ++) {
HAL DBG("--------- Test loop = %$d---—--—---—- \n", loop):;
HAL DBG("----—---—-- Test ftl write %$s---—----—-—- \n", "");
testSecCount = 1;
HAL DBG("testEndLBA = $x\n", testEndLBA);
HAL DBG("testLBA = %x\n", testLBA);

for (testLBA = 0x10000 + loop; (testLBA + testSecCount) < testEndLBA;) {
sdmmc_write (testLBA, testSecCount, pWriteBuf);
sdmmc_read (testLBA, testSecCount, pReadBuf);
printFlag = testLBA & O0x1FF;

if (printFlag < testSecCount)
HAL DBG("testLBA = %x\n", testLBA);

for (j = 0; j < testSecCount * 128; j++) {
if (pWriteBuf[j] != pReadBuf[j]) {
printf ("write not match:row=%x, num=%x, write=%x, read=%x\n",
testlBA, j, pWriteBuf[j], pReadBuf([j]);
while (1);

testLBA += testSecCount;

testSecCount++;

if (testSecCount > maxTestSector)

testSecCount = 1;

HAL DBG("------—-- Test ftl check---------%s\n", "");
testSecCount = 1;

for (testLBA
sdmmc_read(testLBA, testSecCount, pReadBuf);
printFlag = testlBA & O0x7FF;

0x10000 + loop; (testLBA + testSecCount) < testEndLBA;) {

if (printFlag < testSecCount)
HAL DBG("testLBA = %x\n", testLBA);

for (j = 0; j < testSecCount * 128; j++) {
if (pWriteBuf[j] != pReadBuf[j]) {
printf ("check not match:row=%x, num=%x, write=%x,
read=%x\n", testLBA, Jj, pWriteBuf[j], pReadBuf[j]);
while (1);

testLBA += testSecCount;
testSecCount++;

if (testSecCount > maxTestSector)

testSecCount = 1;

HAL DBG("---—-——-—-— Test end---%s---—-——- \n", "");



return 0;

8.1.2 RT-Thread

RT-Thread 4y SDIO X4t 1 UM RGE RIS RE, SDHCI S ARl i 545 1.

SDIO ACE :
Menuconfig FCE A [1:

RT-Thread Components --->
Device Drivers --->

[*] Using SD/MMC device drivers

RT USING SDIO=y
RT USING SDIOO=y

RT USING DMA=y
RT USING DMA PL330=y
RT_USING DMAO=y

SDHCI it & -

RT USING SDHCI=y

RT-Thread elm-fat 34 3% #%F

Menuconfig Bt & A [1:
RT-Thread Components —--->
Device virtual file system --->

[*] Using device virtual file system
[*] Using mount table for file system /* SEEURHNIEM X, wIseiisyrX b H b

[*] Enable elm-chan fatfs /* fat XHRSG */
elm-chan's FatFs, Generic FAT Filesystem Module --->

(4096) Maximum sector size to be handled. /*XIT SPI Nor FoimEHMCA 4096
%)

RT USING DFS=y
RT_SDCARD MOUNT POINT="/"
DFS_FILESYSTEMS MAX=4

DFS FILESYSTEM TYPES MAX=4

RT USING DFS MNTITABLE=y

RT USING DFS ELMFAT=y

RT DFS ELM MAX SECTOR SIZE=4096

RT_Thread 2R ¥ mount_table SKEEHAF ik P HISCAE RS, WIF R 70 X H BRI RS . W 4E mat.e
IINAR RL 2 XEMHE 2, B0 “root™ 73 [X 2/ H 35%¢»
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const struct dfs mount tbl mount table[] =

{
{"root"™, "/", "elm", 0, O},
{0}
}i
WA BAT U SO R G EEEARE,  tHnr Dol DL ARRE SR R AR

dfs _mount ("root", "/", "elm", 0, 0)

IR eMMC AW RL I SCAE R 8, T LUK SO R Giks 4L, il mount H:34:

mkfs -t elm sdO # sdo RN elm-FAT MRS
mount sd0 / elm # £ / HZFHE# sdo A elm-FAT

M RGHEHBRI G, B RG R D arAE, RIESE RS RE:

44 Wo% (ERERFEIE A

echo "This is a test!" /test.txt

# Fewm THEHE
1s

Directory /:
test.txt

bt 8T WHLIFNA
cat test.txt

This is a test!

8.1.3 Kernel

Kernel eMMC VEZIAE ] 5727 AZ% (Rockchip Developer Guide SDMMC_SDIO eMMC_CN.pdf)

8.2 UART

8.2.1 HAL

HAL 1 UART fic & FE 25 A LD

1. id & IOMUX
2. W R EC E UART H K
3. AW O

PARK 356291 :

static void HAL IOMUX Uart7MlConfig(void)
{
HAL PINCTRL SetIOMUX (GPIO BANKI,
GPIO PIN B3,
PIN CONFIG MUX_ FUNC3);
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HAL PINCTRL_ SetIOMUX (GPIO BANKI,
GPIO PIN B4,
PIN CONFIG MUX_ FUNC3);

static struct GIC AMP IRQ INIT CFG irgsConfig[] = {
/* TODO: Config the irgs here.
* GIC version: GICv2
*/
GIC_AMP_IRQ CFG_ROUTE (UART7 IRQn, 0xd0, CPU GET AFFINITY (1, 0)),

GIC AMP IRQ CFG ROUTE (0, 0, CPU GET AFFINITY (1, 0)), /* sentinel */
}i

void main (void)
{
struct HAL UART CONFIG hal uart config = {
.baudRate = UART BR 1500000,
.dataBit = UART DATA 8B,
.stopBit = UART ONE STOPBIT,
.parity = UART PARITY DISABLE,
}i

HAL IOMUX Uart7MlConfig();
HAL UART Init (&g uart7Dev, &hal uart config);

8.2.2 RT-Thread

RT-Thread #" UART Bt & B4 At K L5

1. scons --menuconfig ¥T FFUART X #F

2. Bl E XM ) TOMUX

3. BCE g uart board {7 8., GG FFRE
4. fEPWI R AL E UART i

RT-Thread H' 22415 UART #E4T BT IR H) G BCE, 7T LAE @ scons --menuconfig T A,
A RK3562 Al

Menuconfig BCE A [1:

RT-Thread rockchip RK3562 drivers --->
Enable UART --->
[*] Enable UART
[=] Enable UARTO

## Zi8E UARTO

RT CONSOLE DEVICE NAME="uart0"
RT_USING UART=y
RT_USING_UARTO=y

#4# ZH8FE UARTT

RT CONSOLE DEVICE NAME="uart7"
RT USING UART=y

RT USING UART7=y
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/* BEEXNE TOMUX */

#ifdef RT USING UARTO

RT WEAK void uart0 mO iomux config(void)

{

HAL PINCTRL SetIOMUX (GPIO BANKO,

GPIO_PIN DO |
GPIO PIN DI,
PIN_CONFIG _MUX FUNC1) ;

}

#endif

#ifdef RT USING UART7

RT WEAK void uart7 ml iomux config(void)

{

HAL PINCTRL SetIOMUX (GPIO BANKI,

GPIO PIN B3 |
GPIO_PIN B4,
PIN CONFIG MUX FUNC3);

}

#endif

/* WA ToMux */
void rt hw iomux config(void)
{

rt hw iodomain config();

#ifdef RT USING UARTO
uart0 m0 iomux config();

#endif

#ifdef RT USING UART7
uart7 ml iomux config();

#endif

#ifdef RT USING GMAC
#ifdef RT USING GMACO
gmacO0 m0 iomux config();
#endif
#endif

/* BLE g uart board & */
#if defined(RT USING UARTO)
RT WEAK const struct uart board g uart0 board =
{
.baud rate = UART BR 1500000,
.dev_flag = ROCKCHIP UART SUPPORT FLAG DEFAULT,
.bufer size = RT SERIAL RB BUFSZ,
.name = "uart0",
i
#endif /* RT USING UARTO */

/* FERWIR PR B UART T */
static struct GIC AMP IRQ INIT CFG irgsConfig[] =
{

/* Config the irgs here. */

// todo...

GIC AMP IRQ CFG ROUTE (UARTO IRQn, 0xd0, CPU GET AFFINITY (3,

0)) .,



GIC AMP IRQ CFG ROUTE (0, 0, CPU GET AFFINITY (1, 0)), /* sentinel */
}i

8.2.3 Kernel

Kernel ] DTS % M f¥)°F & kernel/arch/arm64/boot/dts/rockchip/rkxxxx.dtsi F E 4B A ) UART Bl &, 7Eff
MBI FFJERIAT, Kernel UART HAHA 1152 %  (Rockchip_Developer_Guide UART _CN.pdf) -

£ AMP RGN T BifE B/ IR R AL, Kernel DTS H 75 Zxf Hofth R 4848 FH 0 P2 DR 3047 B 28
KW, UART 24k, FrPAfE rkxxxx-amp.dtsi "7 22 5E Mo HoAth RS0 f8H IK) UART,  [FI# UART
W C B 25 H A B CPU

/* DTS HUHSUART7HWT (69) route®lcpu3, [HIfAUART7HIN &1, MR DTS AR Ph2RA, B
IR R R -/
/A
rockchip amp: rockchip-amp {
compatible = "rockchip,amp";
clocks = <gcru FCLK BUS CMO CORE>, <&cru CLK BUS_CM0O RTC>,
<&cru PCLK MAILBOX>, <&cru PCLK INTC>,
<&cru SCLK UART7>, <&cru PCLK UART7>,
<&cru PCLK TIMER>, <&cru CLK TIMER4>, <&cru CLK TIMERS>;

pinctrl-names = "default";

pinctrl-0 = <&uart7ml xfer>;

amp-cpu-aff-maskbits = /bits/ 64 <0x0 0Ox1l 0x1l 0x2 0x2 0x4 0x3 0x8>;
amp-irgs = /bits/ 64 <GIC_AMP_IRQ CFG_ROUTE (147, 0xd0,
CPU_GET AFFINITY (3, 0))
GIC_AMP TRQ CFG ROUTE (69, 0xd0, CPU GET AFFINITY (3,
0))>;

status = "okay":;
bi
/* 1 DTS WZEH] UART7 */
Suart7 {
status = "disabled";

8.3 SPI FLASH

SPI FLASH ¥ 401# F 57T A%  (Rockchip_Developer Guide RT-Thread SPIFLASH_CN.pdf)
RK “Ff5 SPI Flash 7] HI 4% 1 25 f24% FSPI. SFC. SPI —F i %,
FSPI (Flexible Serial Peripheral Interface) #&—>Ri& I AT IEHIEE, A LUT 3 2RE:

e 7¥F SPI Nor. SPINand. SPI #}3(f#] Psram I SRAM

o SZ¥F Standard SPI (H1£8) . Dual SPI. Quad SPI, #i%rh A #F Octal SPI
o SC¥FSDR CHLVBMEHD , frMUARSCRE DTR ORI &%)

o XIPHAR

o DMA i (& DMA)

SFC (Serial Flash Controller) & H AT M4, A AN 32 BRE:
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e ¢#F SPINor. SPINand. SPI ] Psram 1 SRAM
o 37#F Standard SPI (¥.£%) . Dual SPI. Quad SPI

o CHFSDR (HLIRAEHD

o DMA f£%i (NE DMA)

SPI ( Serial Peripheral Interface ) il SR ATARHAEHIS, A LT FZRHE:

e ¥ SPINor. SPINand. SPI ¥} f) Psram
e ¥ Standard SPI (%)

o CHF SDR CEAVEALHD)

o DMA f£4ii (5} DMA)

8.3.1 HAL

RK HAL #2435 F SPI Nor /&4 ¥ i) HAL _SNOR W2, HAL VRS54 /E hal/lib/hal/src/
RK HAL 7 hal/test/hal/ N T8 O{EH K Demo, H /' AILLZH# HAL FUfiizs SPI FLASH

HiF SPI FLASH B SR, ST flash id WAIKE E Wik, B >CFFRI SPIFLASH JUkL AT DAEE U5
i, ' FAs:

HAL SECTION SRAM CODE static const struct FLASH INFO s spiFlashbl[] = {
/* GD25LQ16E */
{ 0xc86015, 128, 8, 0x03, 0x02, 0x6B, 0x32, 0x20, O0xD8, 0x0D, 12, 9, 0 },
/* GD25Q32B */
{ 0xc84016, 128, 8, 0x03, 0x02, Ox6B, 0x32, 0x20, 0xD8, 0x0D, 13, 9, 0 },
/* GD25Q64B */
{ 0xc84017, 128, 8, 0x03, 0x02, 0x6B, 0x32, 0x20, 0OxD8, 0x0D, 14, 9, 0 },
/* GD25Q127C and GD25Q128C*/
{ 0xc84018, 128, 8, 0x03, 0x02, Ox6B, 0x32, 0x20, 0xD8, 0x0C, 15, 9, 0 },
/* GD250Q256B/C/D */
{ 0xc84019, 128, 8, 0x13, 0x12, 0x6C, Ox3E, 0x21, 0OxDC, Oxl1lC, 16, 6, 0 },
/* GD55LTO1GE */
{ 0xc8661b, 128, 8, 0x13, 0x12, Ox6B, 0x32, 0x20, 0xD8, 0x3C, 18, 0, 0 },
/* GD25LQ64C */
{ 0xc86017, 128, 8, 0x03, 0x02, 0x6B, 0x32, 0x20, 0xD8, 0xOD, 14, 9, 0 },
/* GD25LQ32E */
{ 0xc86016, 128, 8, 0x03, 0x02, Ox6B, 0x32, 0x20, 0xD8, 0x0D, 13, 9, 0 },
/* GD25LX256E */
{ 0xc86819, 128, 8, 0x13, 0x12, 0x00, 0x00, Ox21, OxDC, 0x10, 16, 0, 0xOD },

i & i B -
#define HAL SNOR MODULE_ENABLED /* SNOR Z¥f */
#define HAL SFC MODULE ENABLED /* SFC EHlERSCRE */
#define HAL SNOR SFC HOST /* SFC FEHIEEHF */

8.3.2 RT-Thread

i E

Menuconfig Bt & A [1:
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RT-Thread rockchip common drivers --->
[*] Enable ROCKCHIP SPI NOR Flash
(80000000) Reset the speed of SPI Nor flash in Hz

[ ] Set SPI Host DUAL IO Lines /* WIS FSPI THNFAEE 100~1, N Dual mode
=/
Choose SPI Nor Flash Adapter (Attach FSPI controller to SNOR) —--->
fic B 8 -

RT USING MTD NOR=y

RT USING_SNOR=y

RT_SNOR_SPEED=80000000 /* IO #EHEZE */

## %58 RT SNOR_DUAL IO=n /* BRIAAECE, Quad sPI RN Duad spI fEf */

## 8% RT SNOR_XIP_DATA BEGIN=0 /* BRIAAECE, x1p BLEEOSEPLRRLGHINE, VEHS% “Nor
Flash XIP FIAR7HLH */

RT USING SNOR FSPI HOST=y /* FSPI #EHI#EHE */

#4 ZE8IE RT USING SNOR SFC HOST=y /* SFC #BHil#HFE */

## #8F RT USING SNOR SPT HOST=y /* SPI &l HR */

## #i8% RT SNOR SPI DEVICE NAME="spi2 0" /* SPI HI#SHZE, & Birtahlas ~/

RT-Thread elm-fat 3 {4 3% #%

RT-Thread Components —--->
Device virtual file system --->
[*] Using device virtual file system
[*] Using mount table for file system /* SEIUAHNVEM XK, TISZElsIX L EHSEE
oo/
[*] Enable elm-chan fatfs /* fat XH&RSG */
elm-chan's FatFs, Generic FAT Filesystem Module --->
(4096) Maximum sector size to be handled. /*XIF SPI Nor F=RUIUEHCH 4096
=/

WIT R X BB RS, FIAE mot.e AR 2> XAEMHME 2, B0 “root™ /0 [X 2/ H 3%

const struct dfs mount tbl mount table[] =
{
{"root", vv/", "elm", O, O},
{0}
}i
WAy B AT RO SO R G EE R, BT Lodid DU ARRY SEILSC A R G2
dfs _mount ("root", "/", "elm", 0, 0)

R LAGE L L i 4 A A B X2 7 R

msh />list device

device type ref count

root Block Device 1 /* X% root, XM block W4, Nor
flash Xff setting.ini BHUEEN MTD ®& */

snor MTD Device 0 /* SPI Nor MRAFEEE, 7 XiLEHEHENEZ

TREREE S HRR */



8.3.3 Kernel

Kernel SPI FLASH W40 {§ 1 7712 0] A2
{Rockchip_Developer Guide Linux_Flash Open_Source Solution CN.pdf)

8.4 GMAC

8.4.1 HAL

RK HAL 24t GMAC WZEREIKEN AL S PHY brdE 75 A7 a8 0E, WRBNUEASSE hal/lib/hal/src/gmac

fic, & 5% 91
M4 TRM st SOC i F ) GMAC Bt &

#define HAL GMAC MODULE ENABLED /* GMAC KBNS Hf*/
#define HAL GMAC1000 MODULE ENABLED /* GMAC1000 HRF)SFf*/

ERJe =2 hal/test/hal/test _gmac.c TR R D demo
HAL H GMAC FZ55 NI F L5

1. fic & IOMUX
2. it ® GMAC_ETH_CONFIG #
3. 7EFR TR L E GMACO _IRQn H

PL RK3562 91l

/* BCE TOMUX */
static void GMAC_Tomux_Config(uint8 t id)
{
/* GMACO iomux */
HAL PINCTRL SetIOMUX (GPIO BANK3,
GPIO_PIN A0 | /* RGMII RSTn */
GPIO PIN Al , /* RGMII INT/PMEB MO */
PIN CONFIG MUX_ FUNCO) ;

HAL GPIO SetPinDirection(GPIO3, GPIO PIN Al, GPIO IN);
HAL GPIO SetPinDirection(GPIO3, GPIO PIN A0, GPIO OUT);
HAL GPIO_SetPinLevel (GPIO3, GPIO PIN AO, GPIO HIGH);

HAL PINCTRL SetIOMUX (GPIO BANK3,
GPIO_PIN_D4 | /* RGMII_TXD2_ MO0 */
GPIO PIN D5 | /* RGMII TXD3 MO */
GPIO PIN D6 | /* RGMII TXCLK MO */
GPIO_PIN_D7 , /* RGMII_RXD2_ M0 */
PIN_CONFIG MUX FUNC2);

HAL PINCTRL SetIOMUX (GPIO BANK4,

GPIO PIN A0 | /* RGMII RXD3 MO */
GPIO PIN Al | /* RGMII RXCLK MO */
GPIO PIN A2 | /* RGMII TXDO MO */
GPIO PIN A3 | /* RGMII TXD1 MO */
GPIO_PIN A4 | /* RGMII_ TXEN MO */
GPIO PIN A5 | /* RGMII RXDO MO */
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GPIO_PIN_A6 | /* RGMII_RXD1_MO */

GPIO PIN A7 | /* RGMII RXDV MO */

GPIO PIN Bl | /* ETH CLK 25M OUT MO */
GPIO PIN B2 | /* RGMII MDC MO */
GPIO_PIN B3 | /* RGMII MDIO MO */
GPIO_PIN_B7 , /* RGMII_CLK_MO */

PIN CONFIG MUX FUNC2);

/* BCE GMAC ETH CONFIG £ */
static struct GMAC_ETH CONFIG ethConfigTable[] =
{

.halDev = &g gmacODev,
.mode = PHY INTERFACE MODE RGMITI,
.maxSpeed = 1000,

.phyAddr = 0, /* PHY Mkt */

.extClk = false, /* true M PHY #2ELEEREIN */
.resetGpioBank = GPIO3, /* PHY reset 5|l */
.resetGpioNum = GPIO PIN AQ,

.resetDelayMs = { 0, 20, 100 }, /* PHY reset WfF */

.txDelay = 0x3C,
.rxDelay = 0,

}i

/* TEHWRPAEE cMACO IRon M */
static struct GIC AMP IRQ INIT CFG irgsConfig[] = {

/* TODO: Config the irgs here.

* GIC version: GICv2

* The priority higher than 0x80 is non-secure interrupt.

*/

GIC AMP IRQ CFG ROUTE (GMACO IRQn, 0xdO, CPU_GET AFFINITY (O, 0)),

}i

8.4.2 RT-Thread

V=RV
Menuconfig Bt & A F:

RT-Thread rockchip RK3562 drivers --->
Enable GMAC --->
[*] Enable GMAC
[*] Enable GMACO

RT USING GMAC=y /* $T9F cMAC FCE */
RT_USING_GMACO=y /* #THF GMAcOo BLE*/

RT Thread # GMAC FE5 NUn R JL:

1. i & IOMUX
2. fit & rockchip eth config &
3. fEH R P ECE GMACO IRQn il (SMP RGAFHERE)
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DL RK3562 il :

/* EE 1OMUX */
RT WEAK void gmacO m0 iomux config(void)
{
/* GMACO iomux */
HAL PINCTRL SetIOMUX (GPIO BANK3,
GPIO_PIN_AO I /% RGMII RSTn @/
GPIO PIN Al, /* RGMII INT/PMEB MO */
PIN CONFIG MUX_FUNCO) ;

HAL GPIO SetPinDirection(GPIO3, GPIO PIN Al, GPIO IN);
HAL GPIO_ SetPinDirection(GPIO3, GPIO PIN A0, GPIO OUT);
HAL GPIO_SetPinLevel (GPIO3, GPIO PIN A0, GPIO HIGH);

HAL PINCTRL SetIOMUX (GPIO BANK3,
GPIO PIN D4 | /* RGMII TXD2 MO */
GPIO PIN D5 | /* RGMII TXD3 MO */
GPIO PIN D6 | /* RGMII TXCLK MO */
GPIO PIN D7, /* RGMII RXD2 MO */
PIN_CONFIG_MUX_ FUNC2) ;

HAL PINCTRL SetIOMUX (GPIO BANK4,
GPIO PIN A0 | /* RGMII RXD3 MO */
GPIO_PIN_Al | /* RGMII_RXCLK MO */
GPIO PIN A2 | /* RGMII TXDO MO */
GPIO_PIN_A3 | /* RGMII_TXD1_MO */
GPIO PIN A4 | /* RGMII TXEN MO */
GPIO PIN A5 | /* RGMII RXDO MO */
GPIO_PIN_A6 | /* RGMII_RXD1_MO */
GPIO PIN A7 | /* RGMII RXDV MO */
GPIO PIN Bl | /* ETH CLK 25M OUT MO */
GPIO PIN B2 | /* RGMII MDC MO */
GPIO_PIN B3 | /* RGMII MDIO MO */
GPIO_PIN_B7, /* RGMII_CLK_MO */
PIN CONFIG MUX FUNC2);

/* BE rockchip eth config & */
const struct rockchip eth config rockchip eth config table[] =

{

.halDev = &g gmacODev,
.mode = PHY INTERFACE MODE RGMITI,
.maxSpeed = 1000,

.phyAddr = 0, /* PHY bk */

.extClk = false, /* true H PHY #fLEEMIN */
.resetGpioBank = GPIO3, /* PHY reset 5l */
.resetGpioNum = GPIO PIN AQ,

.resetDelayMs = { 0, 20, 100 }, /* PHY reset IfF */

.txDelay = 0x3C,
.rxDelay = 0,

}i

RT-Thread $2ft LWIP 137+, 7 LA scons --menuconfig, 7 FF %M ThRE ) 32 #F



Menuconfig BCE A [1:

RT-Thread Components --->
Network --->
[*] LwIP: light weight TCP/IP stack --->

--— LwIP: light weight TCP/IP stack

[ 1] Use LwIP local version only (NEW)
1wIP version (1lwIP v2.0.3) --->

[ ] IPV6 protocol (NEW)

(4) Memory alignment (NEW)

[*]] IGMP protocol (NEW)

=W ICMP protocol

[ ] SNMP protocol (NEW)

[%] Enble DNS for name resolution (NEW)

[%] Enable alloc ip address through DHCP (NEW)
(1) SOF broadcast (NEW)

(1) SOF broadcast recv (NEW)

Static IPv4 Address --->

NETDEV USING PING=y
RT_USING LWIP=y

RT USING LWIP203=y

RT USING LWIP VER NUM=0x20003
RT LWIP MEM ALIGNMENT=4
RT LWIP IGMP=y

RT LWIP ICMP=y

RT LWIP DNS=y

#JF /5 DHCP, A IPH DAAHELE
RT_LWIP DHCP=y

IP SOF BROADCAST=1

IP SOF BROADCAST RECV=1

/* Static IPv4 Address */

RT LWIP IPADDR="XXX.XXX.XXX.XXX"
RT LWIP_GWADDR="XXX.XXX.XXX.XXX"
RT LWIP MSKADDR="XXX.XXX.XXX.XXX"
RT_LWIP_UDP=y

RT LWIP_TCP=y

RT LWIP_ RAW=y

RT_MEMP NUM NETCONN=8
RT_LWIP PBUF NUM=16
RT_LWIP RAW PCB_NUM=4

RT_LWIP UDP_PCB_NUM=4
RT_LWIP_TCP_PCB_NUM=4

RT LWIP TCP SEG NUM=40
RT_LWIP TCP SND BUF=8196
RT_LWIP_ TCP WND=8196

RT_LWIP_ TCPTHREAD PRIORITY=10

RT LWIP TCPTHREAD MBOX SIZE=8
RT_LWIP TCPTHREAD STACKSIZE=1024
RT_LWIP ETHTHREAD PRIORITY=12
RT_LWIP ETHTHREAD STACKSIZE=1024
RT_LWIP ETHTHREAD MBOX SIZE=8
LWIP NETIF STATUS CALLBACK=1
LWIP_NETIF_LINK CALLBACK=1



SO_REUSE=1
LWIP_ SO RCVTIMEO=1
LWIP_ SO SNDTIMEO=1
LWIP_SO RCVBUF=1
LWIP_ SO LINGER=0
LWIP_NETIF LOOPBACK=0
RT_LWIP USING PING=y

JFEping)i, BAERTESCHIAM L O, il “ping” i L HATIRIE, ZHEWT:

## H8E MEHEHEMYlogfE B
[(1)3.357.573] e0: 100M
[(1)3.357.592] e0: full dumplex
[(1)3.357.610] e0: flow control off
[(1)3.357.811] e0: link up.

## SE8EL [H MK KiLping BT E R

msh >ping 192.168.31.1

52.351.270] 60 bytes from 192.168.31.
53.355.786] 60 bytes from 192.168.31.
54.361.215] 60 bytes from 192.168.31.
55.366.645] 60 bytes from 192.168.31.

icmp seq=0 ttl=64 time=0 ms
icmp seqg=1 ttl=64 time=0 ms
icmp seg=2 ttl=64 time=0 ms

N

icmp seqg=3 ttl=64 time=0 ms

8.4.3 Kernel

Kernel GMAC V40 A1 77 %7 A%
{Rockchip_Developer_Guide Linux GMAC_Mode Configuration CN.pdf)

4n# A Linux + RT_Thread )53, F HTERT Thread T GMAC, Kemnel %75 DTS H 58 XS 211
GMAC, [FI 7] GMAC [ 8.
PL RK3562 A

rockchip amp: rockchip-amp {
compatible = "rockchip,amp";
clocks = <&cru FCLK BUS CMO_CORE>, <&cru CLK_BUS CMO_RTC>,
# GMAC Hf#h7sid
<gcru PCLK GMAC>, <&cru ACLK GMAC>, <&cru CLK GMAC 125M CRU I>,
<gcru CLK_GMAC 50M CRU I>, <s&cru CLK GMAC ETH OUT2IO>,
<&cru SCLK UART7>, <&cru PCLK UART7>, <&cru PCLK TIMER>,
<&cru CLK TIMER4>, <&cru CLK TIMERS5>;

pinctrl-names = "default";

pinctrl-0 = <&uart7ml xfer>;

amp-cpu-aff-maskbits = /bits/ 64 <0x0 0Ox1l 0x1l 0x2 0x2 0x4 0x3 0x8>;
amp-irgs = /bits/ 64 <GIC_AMP_IRQ CFG_ROUTE (147, 0xd0,
CPU_GET AFFINITY (3, 0))
# GMAC HKIALE
GIC_AMP TRQ CFG_ROUTE (105, 0xd0, CPU GET AFFINITY (3,

status = "okay";

}i
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&gmacO {
status = "disabled";

i

8.5 PCIE

Bare-metal 5 RT Thread {3 HFLLF ] HL )6
o PEHIE AT N
o CPU ¥jinl4Mi%, FEAHE Bar. CFG ZF[H]

* uDMA f£4i
o INTx legacy 7

8.5.1 HAL / RT-Thread

thﬁTﬁﬁgﬁﬁﬁg%éyQhal/test/hal/test_pcie.c

;1@5{??5312123%5hal/doc/guides/Rockchip_User_Guide_HAL_PCIe_CN.mdjitﬁo

8.6 CPU Cache ECC

RK3568F £ - 3(ffCache ECCIIfiE, SCHRFAbithR R IR 1, Abith i nl kil A my 2] Erlidsk. I3
FETETENHARH T IR -

8.6.1 RT-Thread

Cache ECC 1 F BAE R &I T T, THER P AT I . BARIIRAE R EE 2% 0
{Rockchip_Developer Guide RT-Thread CacheECC_CN.pdf) -

8.7DDR ECC

RK3568°F& 57 ¥FDDR ECC (Sideband ECC) , A LAXIDDREE HATH G E ML IE, CFSEC/DED
ECC. SZHrHbitsiR Al 2| 1, Witk iR ol AR T2 IE 18 3%, IE0] PLEESS & i A7 IX 3k F 3
NAEER T D RE R IRAL -

8.7.1 HAL

HALH FLAAR 4 AE S it B 1% 2% 0 (Rockehip_Developer Guide HAL DDR_ECC_CN.pdf) ;

8.7.2 Kernel

LinuxH B AR EAE KL E 1S % R (Rockchip-Developer-Guide-DDR-CN.pdf)
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9. 9% ik

9.1 & HAR

Bt il 2 M R R G BRI R DB AR

R B AL 1% 17 AR i
1500000 8 1 none none

9.1.1 U-Boot 2 Zh#i

PLRK3562 N, &5 A/4% s, CPU3 4 Ram ngkitil vy 0x01800000 :

AMP: Brought up cpu[3] with state 0x10, entry 0x01800000 ...OK

9.1.2 RK HAL B sh%

R S i i S S S R R b e S S S b b b S S b 2 b b b S

Hello RK3562 Bare-metal using RK HAL!
Rockchip Electronics Co.Ltd
CPI_ID(3)

ok hkhkkhkhkhkhkhkhkhkhkhrkkhkhkhkrhkhkhkhkrhkhkkhkhkkhkhkkhkhkkkhkxkkxk

[(3)0.671.983] CPU(3) Initial OK!

9.1.3 RT-Thread )3 3h#i H
N/
- RT - Thread Operating System
/ 1\ 4.1.1 build Apr 12 2024 20:28:35

2006 - 2022 Copyright by RT-Thread team

9.2 AP {# f§ OpenOCD iR

AP CFHEH OpenOCD iiiate A HI O REAF T B N H T+ JTAG /MR SCREERIEAT . i
E%. data watch Fl Zi {7 %%+ memory dump 55 FHIIRE, TEAHTTRHES % ITAG & SWDIEZIF A FIE i
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9.2.1 Windows ¥ 15 4
9.2.1.1 3k % 3%
1. 2% OpenOCD Jf R IFIE

OpenOCD JF & 1}y openocd_eclipse-2020-09.zip, Kfi% k46 SOk 16 7€ H 3¢
RK LA H 3%

— eclipse-workspace

# LYEHX, eclipse BERAETAEH X ENZ B
— openocd # OpenOCD HFHFILIF
| F— bat # Windows HACHEIAMF, XTI EFEERS A
| I— bin # fFil openocd.exe Fl *gdb.exe
| — doc IR 2 SRR F SRS
| L el ¥ AR
L— svD # FEARER S AR

2. ZHEIEAT eclipse 75 E /) JRE T A4

JRE T EALN F#ZRME H 3 NI AR /jdk_8.0.1310.11_64.exe. HAR%H: KicE LIRS
L RML T (Rockchip Developer Guide GNU_MCU_Eclipse OpenOCD_CN.pdf) SCA4 1 BH .

3. 2% JTAG YR

JTAG 3RZ0N T # TRV H 3 N AR M/ zadig-2.7 exe.  BARZRE KL E P RS WETRML T
1l {Rockchip_Developer Guide FT232H_USB2JTAG.pdf) A4t

9.2.1.2 FE &R

FT232H 72 “Future Technology Devices International Ltd” [)— 708 F, ‘& Al LUl USB #: M 5 H L
&, $24E JTAG F1 SWD (¥ JEfE 7.

|OFB 2t

1

Mini USB

)


af://n1392
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FT232H /MM L R :
e LED #8/R/T, LEDI1: HLJ§#H7~AT: LED2: K: RiEHE, WN: &3 LED3: BRI Rz X
e ARM 20PIN JTAG 11
o USB#: A TYPEC #% H#1 mini USB 4 FI
o FRISIFR
SWD #, 1. 3. 5off, 2. 4. 6on
JTAG #i5,
o fF4, vCC. TCS. TCK. GND, aJ DLRIHR T~ KRR

o HE&F, 3.3V, VCCIO. 1.8V, AJULABKE % VCCIO | 3.3V 81 1.8V, XA —EEEE, SNRITAG
JE TH S R M

1. 3. 5on, 2. 4. 6off

9.2.2 i i 7~ B

PL RK3562 N, ## OpenOCD H K Ifi%E:

1. 2% (Rockchip Developer Guide GNU MCU _Eclipse OpenOCD_CN.pdf) CA%, @17 H AR H 1

[[W=RI1
2. 1217 eclipse.exe #E N “Debug Configurations” Fit. & 1,
TH S

FTHF “Debugger” ##% 1, fE “Config options”

"set SMPMASK 0x8"
rk3562

"cpu3 configure -rtos RT Thread"

0x8%F/~cpu3, MiEcpu3izZiTRT Thread
fRESH

8 cpu3 1817 RT Thread

H= H o

"adapter speed 15000" JTAG TCK #ZE, HA/KHz

Nome: [AMP_RK3362.orm32_cpu0 ]
‘ [ Main %5 Debugger
Open0CD Setup.

Start Open0CD locally

B Startup| &/ Source| [[] Common| 7, SVD Path

e Executable path: | S{eclipse_home]RK\OpenOCD\bin\openocd.exe
[€] RK3326 kgbd i

[€] RK3568_kgdb

<] RK3588_kgdb
[2] GDB Jumper Debugging

Actual executable: | | eclips OCD\bi

ferences pages or the project properties page)

5] AMP RK3308,
[£] AMP_RK3308,
5] AMP RK3308,
2] AMP_RK3308,
5] AMP RK3308,
5] AMP RK3562,
2] AMP RK3562.
5] AMP RK3562,
[£] AMP_RK3562
5] AMP RK3562,
5] AMP_RK3568,
] AMP RK3566,
5] AMP_RK3568,
[£] AMP_RK3568,
5] AMP RK3566

€] example.

console for the telnet connection

v BIEBIRE A

[Astart GDB session

[Stechpse_homeIRK\OpenOCD\bi

Actual executable: | | eclips ? i fodbexe ]

Other options: [ ]

Commands:

set mem inaccessible-by-default off
set remotetimeout 888

Remote Target

Host name or IP address: localhost

Port number:

example-soc_support list
= ol -_support | [ Force thread list update on suspend

[2] rk3562-RT-Thread
[E) RK3588 Restore defaults
[E1RVI106

[£] GDB PyOCD Debugging

[2] GDB QEMU Debugging

[£] GDB SEGGER J-Link Debugging

£ Launch Group

Filter matched 41 of 41 items

@ =

3. ¥\ “Debug Configurations” FL B i, FT7F Source Fr%5 U1, %% “Path Mapping: New Mapping” Tl
H, A& RK356x AMP SDK 1) 1%

<AMP_SDK>/hal/
D:<AMP SDK>\hal

# GCC i TR

# Windows RFFT Debug BEERIVACHD R LIEHEE
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DNeme: | AMP_RK3562_arm32_cpud

Main %5 Debugger | B Startup | Source ] Common| %, SVD Path|
urce Lookup Path P
v @ Path Mapping: New Mapping I Add. ‘
h h/work 562 4 b kehip/rk3s62-32 - ¥ 3562 / p ip 62-32
h h/work/RK3562_ 3562 1 Edit..
h h/werk/RK3562_ bsp/rockehip drivers - ¥: 3562 4 plrockehip dri e
homefaih/work/RK3562 b e hal JARK3562 bsphrockehip Ll o
[ th h/work 562 lib 3562 4 Up
™, Absolut Flle Path
Down

Restore Default

[1Search for duplicate source files on the path

PA_E PN R AR SR N R — 8 4%, <AMP_SDK>/rk3562/hal/ NRNT 5 R T ERBAEE. D
<AMP_SDK>\hal\ >} Windows NIN# TAERCID KA. [R5 BARE R 8 BF AR a4, 518

2

4. DL EACESE R, #id “Debug Configurations” A “Debug” %41 46T R ML &7E
“Debugger Console” & [ &/~ RS B

e
Ble Edt Source Refaco

[&][%][m] | % ocbwn

ste Seaech Broject

~ || €] 3560 secure

~ - IFH=ER B ] B Hp-0-Q- ™oy Pl
# Debug © 1 =0 sigels . ,«]T:h-g'u: %iﬁiﬁ fﬂ = wivembly 7
1568, G0 OpenOCD Dot ] rt_sigprocma: it ~ L-1N=-4 Enter location here
m:““" ey GSLH:ELZH#ﬁT, P v Py e o R .
Theead #1 1 \Nl'm epul, ELZH) MP‘" + Sigral : SIGINTAr 5Igset t nhl set, new_set; w 4% General Registers
nllgnd 2,898 OxFIFFR0080ce int er WD OfHHBO0wbbbect
syseallct BuFHB00A0SECad . 4 sigset l o
at wynealls48 DuFHTHAOEDOR 04 e (x)gs 2 uFRBO0BFS 1678
comencal) o sscal 17 AVECOEORBCst return 2 o
#10_sve_handien]) at syscall o163 OcHFFFS00B098CED old_set = current->blocked, ﬁrﬁftﬁ :4 o0
mec() at ertry 5340 DuFHE00B0BIA0B - ’ - 00 o
throwes ,
o0 472 (Mot cpu?, ELDT) Botpended : Contins it (ouay L e
[T ' Loy, from user (R set, mack, sizeo(sigaet 1)) “CPU Z5#538 HNMMMﬁtﬁr,”
- tirm -EPAULTS T o0 k.
« o Thresd #3 3 Name: cpu2, ELIT) (Suspended : Continer) sigdelsetmask(Bnen_set, sigrask(SIOKILA) | sipnask($165T00) )5 - o . ey
= OuTaabd13a14 " (o, e st ) 19 o0 o 1w,
¥ 4P Thrsad 4 & MName: caud, EL3H) (Sucpended : Cantsiner) 1F farrar) ‘o fnew set, ML) 10 >0
= bustoss et errars a o
ol openocd.exe } w2 [
i anrchet-nore-sif-gdbae ry— 3 B
T oy o vser (st 8010 set, sizeofigset_£1)) A o
T
N - x5 00
¥ x16 o) -
return 8 < 4
[r—— v .
D Consale 11 ¥ @ = 0 e Variables
[E BB E® B
K568 _secure [GDS OpenOCD Debugging) openocd.exe Type
-
et veor ot sege
ubd [31]
o
Egﬁz‘[{.g 7174301318
e oxtono
o et o0
o wyncaling 32 087
o unusedz - o0
et o0
e her atrabied. 1-Cacher dtzabled
Witable Smart Insert awigi 0 rass R e [ Eq: X1 BN 3]
—
=1 /\/ =] jJ )\ N * Y
7 Console & I~ BL Ry 220 BN 4 4~ CPU [ *.elf SCHF:
" n
For help, type "help".
" n n n
Type "apropos word" to search for commands related to "word".

add-symbol-file
add-symbol-file
add-symbol-file
add-symbol-file

D:/rk3562/hal/project/rk3562/GCC/0_TestDemo.elf
D:/rk3562/hal/project/rk3562/GCC/1_TestDemo.elf
D:/rk3562/hal/project/rk3562/GCC/2 TestDemo.elf
D:/rk3562/hal/project/rk3562/GCC/3 TestDemo.elf




9.3 MCU {# FH Ozone iR

9.3.1 Windows Ff 15 &

Ozone T HZ&—# N, HarA @5 G S A Ui TR, EBI-Linkf# 4, AT DLSCHU AR 1)
SERTERER, 430 iT A R 2 W Sl R TR B 7k Ozone — The Performance Analyzer
(seggercom). B AR WAER TR LAERFTHAENR, FHPABELRFREEFSGE
MR, BREEMEA.

Licensing

Commercial use

Ozone can be used in a commercial environment as part of the licence for J-Link PLUS, . License Missing =
ULTRA+, PRO and J-Trace. With J-Link BASE, Ozone can be used commercially after The connected J-Link does not have a valid license for the use of J-Link Debugger.

- N J-Link PLUS, ULTRA. d PRO del ith a built-in | for J-Link Deb 3
purchasing the J-Link BASE to PLUS upgrade bundle, that includes the Ozone Fw‘?we 'a,"ﬁ,tu s e o ik debue b o9

license. With other J-Link models, Ozone remains in evaluation mode and presents the J-Link 5/N: 284200004

following screen each time a debug session is started: 3 o )
Without a valid license, J-Link Debugger may only be used for evaluation purposes.
Do you want to continue?

=

Free for non-commercial use

Like most of our software, Ozone can easily be downloaded and installed without any registration process. For non-commercial use or
evaluation, Ozone is available to be used free of charge. With a J-Link PLUS, PRO, ULTRA+, or with a J-Trace, Ozone is available for
free.

Pl RK3562 J915) :

1 EFELF J-Link B MRS, 79T Ozone #cff, BRIABEH TRERCE LD, 2#H Al File->New-

>New Project Wizard


af://n1446
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https://www.segger.com/products/development-tools/ozone-j-link-debugger/

Z New Project Wizard

Target Device
Chooze a Target Dewvice

Dewvice

|Curtex—MD

Eegister Set

|CDrtex-HD -

Feripherals (optional)




# New Project Wizard *
Connection Settings
Choose a Target and Host Interface
Target Interface Target Interface Speed
|S'I'D - | | 4 WHz W |

Host Interface

Serial Ko (ocptionall

| USE

Emulators connected via USB

Froduct

Nickname Serial No

¢ Back || Next O || Cancel

FEZAERL B, B IR J-Link B .




/7 New Project Wizard

Program File
Chooze the Program to be debugged

ELF. Notorola S-record, Intel Hex, or Binary file (optional)

|E:fwurkfhal—ampfprnjectfrkSEﬁE—mcufGCCfTestDemn.elf




7 New Project Wizard

Optionmal Settings
Set optional project zettings. such az the initial PC

Initial PC (after download and reset)
() ELF Entry Foint
'\:" Fead from Basze Address Vector Table

() Read from Location
':::' Location

o Do not =et

Initial Stack Pointer

() Read from Baze Address Vector Table

() Read from Location

=)

" -
[ ) Location

o Do not set
J-Link Script File

J-Link Log File

2. I BRI fH Ozone HIINE T RERS H bR SCAF GRS A BN AT AT SCHE) InER B + .
W H RK HAL OIS FELE Linux 3335, Ozone ik T B %21 Windows 35, TFEJAE
Windows RGtH X Linux AR M 25 RERL LSS, Bk Linux RG0H 1 "/home/xxx" Wit F]
Windows R4 H1) "Z:". FAE Ozone BAF S e N A dn AT M H LU A 3T TARES AR I, Hor
Z ¥ "/home/xxx" N Linux 3% H:4% 3] Windows /I ¥) Linux #4%, Z%"Z:" W ANXT R IF)
Windows 4%

Project.AddPathSubstitute "/home/xxx" "Z:"

SEKIX — RIEAE)E REFR 2 AT Ozone FH1HI -



i Ozone - The J-Link Debugger V3.24g - *New Project -
File Vies Find Debus Iools Window Help

il & ¥

S ProTIIe X « Resisters 1 (CFU) x

Function ~ = Name WValue Description A

File Seope < | f main -
f __unwind ForcedUnwind = e o
/* SPDK-License-Idenvifier: BSD-3-Glause */ "
-

F _ Unmind RaiseErception
F __tmind Resums

! eiod Ras + Copyrignt 2022 Rockehip Electronics Co., Ltd.
__sesbi_cdemple %
f _seabi_cdremple

f _ssabs_ctemnls

sinclude _bsp
#include "hal_base h"

A EEARRAAIA LR RRRALE LS Drivate MACRO Definivion tEARALiEbEEARALbLAERRRIALLERRR)
//%define TEST_DEMO
3define TEST_USE_UARTTML

JEREARREA LA EERARSIAbES Drivate Structure Definition 444EEREARELEEEERRREALEEERR)

ifdef TEST_USE_UARTTHL
static void HAL_TOMUX_Uart7mlConfig (void)
{
HAL_DTNCTRL SecIOMUX(GPIO_BRNRI,
cPIO_PIN B3,
BIN_CONFIG_MUX_FUNC3) ;
HAL_PINCTRL,_SetICMUX (CRTO_BRNKI,
CPIO_PIN B4

BIN_CONFIG_MUK_FUNC3) ;

}
f _seabi_fompeq fendir

f_assbi_gomae 27 /AEEAARALLIEAEALEIAIAE Drivate Varisble Definition *4hibibiAediirEAbeILEEEry

# £ mesbi fomole he v
< > JEEARRSECACsEarsvsier Private Function DEFinition A4YirErEssiceciassaciceeg Vi<
Console | Memory 1 & 00000080 x
Project SetTIFSpesd ("4 MHz"); ~ [oo0s0060 i = = ~
Project AddSvdFile ("3 (InstallDir)/Config/CBU/Cortex-M0. svd™); oooooo70 - -
File path resolved: "$(InstallDir)/Config/CBU/Cortex-M0 svd" was found at "C:/Program Files/SEGGER/Ozene/Cor 00000080 - -
File.Open ("2:/: ._bak/hal/pze] Lelgm); 00900050 . -
File Open: completed in 127 ms 000000R0 - -
Program segments: ooo000BD - -
Address Size Code W Data 21 paca  Flg onooooco - -
- - - - - 00900000 .. .. .. ..
00910520 0 o 0 o CREEY 0090000 B -
00000000 1 048 368 €5 104 48 7€ 880 2 33 mNE oooooorn - -
20000000 5 242 230 o o 5243 380 o m oooooL00 - -
- - - - — ooooo1lo - -
Total € 231 248 €5 104 € 213 760 ooo00120 . -
- - - - - -— 00000130 - -
For further information on ELF file data sections, execute command Ilf PrintSectionInfo(0). oooooLan - -
Dsbug. Rezd : updated instruce within 1 code ranges (0x00000000-0x00010DED) ooooo1s0 - -
27 source £iles mot found 00900160 - -
Project.AddPathSubstitute ("/home/zhm”, "Z:")i ooo00170 - -
7 source file paths resolve ~ |ooooo1e0 - -
» |oooooiso - -
nnnnian N N N 4

[Ta 7 Ch 22 [ Disconnscted

ZLHEA, B /2 Debug JFO%, AT LASEEL 0 KT RE, B AEAEACRD B _E LI k4T 1l



10. 510E ER

10.1 PE BRI
10.1.1 JU X B2 AY

i Coremark M2 R GE . Coremark A& —AN& [T H T 4al b 2 25 B U M B8 ) FE N ik . 384T
Coremark 72— AN —H07 040, A PR LR LA RMARESS . AT HEEHRA RS P RdEH
2% (MCU) FIhesb#E 8% (CPU) HIPERE. TR NEFE Coremark MR HHEIL 5

Ab 7 3% RK3568 AP HAL RK3562 AP HAL RK3562 MCU RK3576 MCU
EM 816MHZ 816MHZ
U DDR4 DDR4

BT 20

1560MHZ 1332MHZ
Cache I I
TCM ¥ ¥
Coremark 3273 2387
Coremark

4.0 2.92
/MHz

BRI T VR

FEREMBARRS, FTIFAT JLANETT R,

R4 : hal/project/rkxxx/src/main.c

-//#define TEST_ DEMO
+#define TEST DEMO

RIS 42 hal/project/rkxxx/src/test_demo.c

-//#define PERF_TEST
+#define PERF TEST

RAGEE 4% /hal/middleware/benchmark/benchmark


af://n1467
af://n1468
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INCLUDES += \

-I"s (BENCHMARK PATH) " \

-I"S$ (BENCHMARK PATH) /coremark" \

—-I"$ (BENCHMARK PATH) /coremark/barebones” \

SRC_DIRS += \

$ (BENCHMARK PATH) \

$ (BENCHMARK PATH) /coremark \

$ (BENCHMARK_ PATH) /coremark/barebones \

ARIL#4%E: /hal/middleware/benchmark/benchmark.h

#define HAL BENCHMARK COREMARK
//#define HAL BENCHMARK LINPACK
//#define HAL BENCHMARK TINYMEMBENCH

10.1.2 I3 7% 2

i ] Linpack 77 s A ERE . Linpack M0 5= BHE AR & R FDF SE8AE L (FLOPS) , BRI RGHEFDAE
BPAT T s BFIREL. @5 UL MFLOPS (H JJIREFNZ S 8E) AR iTE. FRANETE
Linpack Wl A 204 1 -

b 7 2% RK3568 AP HAL RK3562 AP HAL RK3562 MCU RK3576 MCU
EXT 816MHZ 816MHZ
SPEN DDR4 DDR4
Py
T 1560MHZ 1332MHZ
Cache Vs I
TCM " ¥
Linpack
154.7 79.38
MFLOPS
ARHLs IR 40 R

FEREMLAARRS, IR LA ZETT K.

AL 4%:  hal/project/rkxxx/src/main.c

-//#define TEST DEMO
+#define TEST DEMO

RIS 42 : hal/project/rkxxx/src/test_demo.c

-//#define PERF TEST
+#define PERF TEST

ARIL#4%E: /hal/middleware/benchmark/benchmark.mk


af://n1524

INCLUDES += \
-I"$ (BENCHMARK PATH)" \
-I"$ (BENCHMARK PATH) /linpack"” \

SRC_DIRS += \
$ (BENCHMARK PATH) \
$ (BENCHMARK PATH) /linpack \

ARIGEA%: /hal/middleware/benchmark/benchmark.h

//#define HAL_ BENCHMARK COREMARK
#define HAL BENCHMARK LINPACK
//#define HAL BENCHMARK TINYMEMBENCH

10.1.3 RN 7

RTOS / Bare-metal f# ] tinymembench Wi P 718 . tinymembench & — M B i Py A7 S IR T2, H
VG ENL RGN AR . BN T NAER e BB RIBEALY R PR RE SR G FE bR . FRAKF S
tinymembench W3 (1) £ VA«

Ak 7 2% RK3568 AP HAL RK3562 AP HAL RK3562 MCU RK3576 MCU
FA 816MHZ 816MHZ
N DDR4 DDR4
I 1560MHZ 1332MHZ
Cache F FF
TCM X

x
P A7 58 DK 225N )5 A B x
A7 SEIR X ST AR x

RK3568 AP HAL %

== Memory bandwidth tests ==

== Note 1: 1IMB = 1000000 bytes ==
== Note 2: Results for 'copy' tests show how many bytes can be ==

== copied per second (adding together read and writen ==

== bytes would have provided twice higher numbers)
== Note 3: 2-pass copy means that we are using a small temporary buffer ==
== to first fetch data into it, and only then write it to the ==
== destination (source -> L1 cache, L1 cache -> destination) ==

== Note 4: If sample standard deviation exceeds 0.1%, it is shown in ==

== brackets ==
C copy backwards g 1673.8 MB/s
C copy backwards (32 byte blocks) 2 1687.0 MB/s

C copy backwards (64 byte blocks) 2 1673.8 MB/s


af://n1573

copy

fill
fill
fill
fill

Q QO O 0 0 o o 0

2-pass copy

(shuffle
(shuffle
(shuffle

standard memcpy

standard memset

ARM fill
ARM fill

copy prefetched
copy prefetched

2-pass copy prefetched
2-pass copy prefetched

(32 bytes step)
(64 bytes step)

within 16 byte blocks)
within 32 byte blocks)
within 64 byte blocks)

(STM with 8 registers)
(STM with 4 registers)

(32 bytes step)
(64 bytes step)

1920.
1563.
1941.

995.
1036.
1007.
3297.
3297.
3297.
3292.

1165.
3322.

3343.
3322.

MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s

MB/s
MB/s

MB/s
MB/s

== Memory latency test

== Average time is measured for random memory accesses in the buffers

== of different sizes.

== are relative contributions of TLB,

== accesses.

The larger is the buffer,
L1/L2 cache misses and SDRAM

the more significant

For extremely large buffer sizes we are expecting to see

== page table walk with several requests to SDRAM for almost every

== memory access

== this effect to its fullest).

== Note 1:

== Note 2:

(though 64MiB is not nearly large enough to experience ==

All the numbers are representing extra time,

be added to L1 cache latency.

which needs to

The cycle timings for L1 cache ==

latency can be usually found in the processor documentation. =

Dual random read means that we are simultaneously performing ==

two independent memory accesses at a time.
the memory subsystem can't handle multiple outstanding
requests,

single reads performed one after another.

dual random read has the same timings as two

In the case if

block size single

1024 0.0

2048 0.0

4096 0.0

8192 0.0

16384 0.0

32768 11.2

65536 22.4

131072 33.3

262144 39.4

524288 48.8

1048576 176.3

2097152 240.5

4194304 272.0

8388608 285.9
Lo Tk R -

FEREMBUARS, FTIFAT JLANETF K.

random read / dual random read

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

/

N N N N N N Y NN

32 .

47.
56.
253.
317.
339.
328.

O O O o o o
o

.0 ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

O B N o B N O JdJ w o o o

ns

)



A4 : hal/project/rkxxx/src/main.c

-//#define TEST_ DEMO
+#define TEST DEMO

RIS 42 hal/project/rkxxx/src/test_demo.c

-//#define PERF_TEST
+#define PERF TEST

ARG 4%: /hal/middleware/benchmark/benchmark.mk

INCLUDES += \
—I"$(BENCHMARK7PATH)" \
—-I"$ (BENCHMARK PATH) /tinymembench" \

SRC_DIRS += \
$(BENCHMARK7PATH) \
$ (BENCHMARK PATH) /tinymembench \

RIS 4. /hal/middleware/benchmark/benchmark.h

//#define HAL BENCHMARK COREMARK
//#define HAL BENCHMARK LINPACK
#define HAL BENCHMARK TINYMEMBENCH

10.1.4 3035 A Wiy v 5 B 1]

) HAL o (7 B T SR8 K demo #EATIIK . Hh Wrmy I 38 2 i M o T 41 6 A 3 R G T o b 2 e
T A e TR0 R, PPl T LR Ge b W AL BEPE RE RN . TN RN 6 o W B SE IR I it
HWSY

b EE 2% RK3568 AP HAL RK3562 AP HAL RK3562 MCU RK3576 MCU
E40 816MHZ 816MHZ
=gt DDR4 DDR4
1817
* 1560MHZ 1332MHZ
Cache I IF
TCM I 7
avg=3.42us avg = 1.543296 us
Irq Latency Test max =4.13 us max = 2.916667 us
min = 3.21 us min = 0.875000 us
RNV T v R

ARAIL R GE I T S s oy [ 5080 75 4TI LA R R K%

hal/project/rkxxx/src/main.c


af://n1631

-//#define TEST_ DEMO
+#define TEST DEMO

hal/project/rkxxx/src/test_demo.c

-//#define IRQ LATENCY TEST
+#define IRQ LATENCY TEST
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cyclictest with kernel-4.19.232-rt104

Kernel-4.19(CPU0/1/2) + Bare-metal(CPU3)
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Rockchip_Developer_Guide_FT232H_USB2JTAG.pdf

Rockchip_Developer Guide GNU _MCU_Eclipse_ OpenOCD_CN.pdf

Rockchip_Developer Guide_UBoot_Nextdev_CN.pdf

Rockchip_Developer Guide Linux AB_System CN.pdf

Rockchip_Developer Guide. SDMMC_SDIO_eMMC_CN.pdf

Rockchip_Developer Guide UART CN.pdf
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