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Ongoing - STM32Cube Software Suite

Software Tools Embedded Software S;E Complemented with Microsoft Azure RTOS (2021)

------ \s,
STMS2MCU Packages s Azure RTOS ThreadX

Real-time operating system

i '
S{:MgZIDE _____ Azure RTOS FileX
ube FAT file system, fault tolerant
N Middl
sTM32 NI SIS + AZU re RTO S
CubeProgrammer
@a ) Azure RTOS NetX/NetX Duo
- TCP/IP stacks
sTM2 N -

CubeMonitor

Azure RTOS USBX
USB stack, host and device

N
sTM32 N

CubeExpansion
‘1 5
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Ongoing - STM32Cube Software Suite

Microsoft Azure RTOS bringing additional Key benefits
to STM32Cube software Suite, from 2021

Software .
Tools .. M ICI‘OSOft
B Azure

bedded
W' M L Azure RTOS
Fast performance

Business-friendly terms + Complete consistent solution
Better Quality Industry certifications
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Microsoft Azure RTOS: Key Features

Professional grade, highly reliable and market proven MW suite

 Industrial grade networking stack: optimized for performance coming with
many loT protocols

« Advanced FS/FTL: fully featured to support NAND/NOR Flash memories
« USB Host and Device stacks coming with many classes

« Safety pre-certifications (from MSFT): IEC 61508 SIL4, IEC 62304 Class C and
ISO 26262 ASIL D

e Security pre-certifications (from MSFT): EAL4+ for TLS/DTLS, FIPS 140-2 for
SW crypto lib

« STM32 granted production license:

Ly 7
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https://urldefense.com/v3/__https:/github.com/azure-rtos/guix/blob/master/LICENSED-HARDWARE.txt__;!!JhrIYaSK6lFZ!610HC2fZ-LKFe4ZgfxhL5uiXPonT30JmUJ0F_H0wGZwyZ5b8C1sDqjhYl0bmr7Jp3A$

Azure RTOS Overview

* Azure RTOS is an embedded development suite including RTOS, File System,
USB ,Networking, Graphics MW stacks and Tracing tools

4_’. i el perimenes el A TCP/IP IPv4/IPv6 embedded network stack
. that includes cloud connectivity and IPsec and
operating system

Azure RTOS ThreadX Azure RTOS NetX and NetX Duo
_/‘ TLS/DTLS security protocols

offers optional fault tolerant features create and maintain 2D graphical user interfaces

Azure RTOS FileX Azure RTOS GUIX Studio and GUIX
i An embedded FAT file system that (D’ A complete design environment and run-time to

device. and on-the-ao subport you analyze system-level behavior for problem
! 9 PP solving and tuning

Azure RTOS USBX : pzure RTOS TraceX
' A USB stack that provides host, - graphical VIew of real-time events 1o he'p

Partnership between ST and Microsoft for Azure RTOS is mainly on ThreadX, USBX, FileX and NetX. ST can also take benefit from GUIX
or TraceX at its decision, but TouchGFX and STM32CubeMonitor are considered as better options.

Ly
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Getting started with Azure RTOS examples

Start from STM32CubeMX or from ready-to-use examples to easily get

up to speed with Azure RTOS

Azure RTOS ThreadX Azure RTOS USBX Azure RTOS NetX Duo Azure RTOS FileX

=) D) ) 5)

Thread Host TCP _ _ .

: N MSC, HID, CDC ACM Server, Client Micro SD File edit
Creation, Synchronization, :

message queue Dual class UDP Multi-thread access

Server. Client NOR memory Fll_e RW

’ NAND memory File RW

MSC, CDC ACM, Application Multi-instance

HID, CDC ECM, Web server, MQTT client, SNTP In-Application-Programming
HID CDC ACM (dual-class) client

Ky 9
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Migrate to Azure RTOS

Keep your application layer, simply integrate an industry-leading real

time operating system

FreeRTOS CMSIS OS

FreeRTOS compatibility CMSIS OS compatibility
layer for ThreadX Layer for ThreadX *

K’l * Offer exclusive to the STM32 10
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Azure RTOS: ThreadX

« Small: ~ 2KB Minimal Footprint

« Fast: Sub microsecond context switch, APIs

« Safe: SIL 4, ASIL D, Medical Class C

« Security: Extensive Pen Testing, Part of EAL4+, FIPS 140-2

« Advanced: Preemption-threshold, Event Chaining, Auto Scaling

« Easy: Consistent API, Extensive out-of-box examples

Azure RTOS ThreadX API

Thread Service Messaging Queues
Counting Semaphores Mutexes

Event Flags Block Memory Pools

Byte Memory Pools Application Timers

Azure RTOS ThreadX Core Scheduler
‘Yl 11
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Azure RTOS: FileX

« Small: ~ 9KB Minimal Footprint
» Fast: Direct Data Write, Cache optimized for speed
« Safe: SIL 4, ASIL D, Medical Class C

« Advanced: Fault tolerant, FAT 12/16/32/exFAT, Extensive Cache Support,
NAND/NOR Wear Leveling, Auto Scaling

« Easy: Consistent API, Extensive out-of-box examples

Azure RTOS FileX API

Media Services Directory Services File Services

LevelX (NOR/NAND), RAM DISK, USBX, SD CARD, ETC.

"[ 12
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Azure RTOS: NetX Duo
Small: ~50KB Device-to-Cloud COAP LwM2M

Auto IP HTTP, HTTPS SMTP
» Fast: Near Wire Speed, MinmalCPU usage
DHCP NAT SNMP
« Safe: SIL 4, ASIL D, Medical Class C
_ _ _ BE?:;"DDNS’ POP3 Telnet
« Security: Extensive Pen Testing, EAL4+, FIPS 140-2
FTP, TFTP PPP, PPPOE PTP, SNTP

* Advanced: Extensive Components, Zero Copy, Auto Scaling

. . Azure RTOS NetX Duo
« Easy: Consistent API, Extensive out-of-box examples _

NetX Secure NetX Secure
IGMP TLS DTLS
ICMP IPV4 & IPV6 Azure RTOS

NetX
UDP Secure IPsec

ARP/PAPR
6LoWPAN TCP

Ethernet, Wi-Fi, Bluetooth LE, 15.4, etc.

"I 13
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Azure RTOS: USBX

Small: ~8.5KB Device, ~12KB Host
Fast: Leverages DMA, Minimal Function Call Layering
Safe: SIL 4, ASIL D, Medical Class C

Advanced: Comprehensive class support

Easy: Consistent API, Extensive out-of-box examples and device/host controller integration

Azure RTOS USBX Host API USB Device API

ASIX Hub CDC/ACM
Audio PIMA(PTP/MTP) CDC/ECM
CDC/ACM Printer DFU
GSER Prolific HID
HID Storage PIMA(PTP/MTP)
CDC/ECM Storage

USBX Device Stack

Azure RTOS USBX Host Stack RNDIS

OHCI, EHCI, Proprietary Host Controllers Proprietary Device Controllers

"[ 14
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Azure RTOS Deployment within STM32
and STM32Cube portfolio

STM32Cube Expansions for existing STM32 series,

enhanced for ST Toolset

S STM32G4 STM32WL
-
e X-CUBE-AZRTOS-G4 X-CUBE-AZRTOS-WL
% STM32F4
(b}
2 STV STM32F7 STM32WB
UO) X-CUBE-AZRTOS-F7 X-CUBE-AZRTOS-WB
E X-CUBE-AZRTOS-H7 STM32L4
Available Q2 2021 Q3 2021 Q4 2021
f ’l . 0 Www.st.com/x-cube 15


http://www.st.com/x-cube

Azure RTOS deployment within STM32
and STM32Cube portfolio

STM32Cube native support for new STM32 series from 2021 onward

STM32Cube MCU package

User application
STM32U5 STM32xx

STM32CubeU5 STM32CubeXX

Middleware
Azure RTOS

Examples & Applications
STM32Cube HAL/LL, BSP
CMSIS

Azure RTOS Deployment

Available now Qx 202x

st.com or Github

Ky 16
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Azure RTOS and STM32Cube: User Benefits

Getting the most out of Azure RTOS and STM32 MCUs is now easier

than ever with STM32Cube

Drastically reduced learning curve:

* Azure RTOS made compatible with ST
Toolset

« Many applicative examples provided

Developers can focus on their application

and differentiators

Source code available

Free of charge
User-friendly license terms

Expanding the ecosystem of existing and upcoming
"_l STM32 series by leveraging Azure RTOS middleware

lfe.cugmented 0 www.st.com/stm32cube



http://www.st.com/stm32cube

Azure RTOS: License

e Source code Is available
» User is granted modification

« User is granted redistribution of source (modified or not) and/or binary, provided
he develops on an MCU/MPU that is listed officially by Microsoft

« User is granted production, provided he develops on an MCU that is listed officially
by Microsoft

» User is forbidden to reuse provided software to create a competing offer



s

STATISTICS MCU load: 0%




STM32H7 series

New product lines expanding the STM32 portfolio

New Performance Record

Single and Dual-core flexible architecture for industrial, security or Al applications

Advanced security features

Rich eco-system to speed-up your design

10 i 2
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High performance range
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Arm® Cortex® -M7 up to 550 MHz

Most powerful Cortex core with double precision FPU,
MPU, advanced DSP and L1 cache

Arm Cortex-M7 + M

@ 550 MHz
Dual Core @ 480 MHz & 240 MH

Arm Cortex-M7

@ 480 MHz

~
=
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b =
o
(&)
£
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7
z

Arm Cortex-M
@ 280 MH

STM32H7 | STM32H7 | STM32H7 | STM32H7

Ky 2
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Powerful cores
supported by a powerful architecture

Display nice graphic Manage security
The Chrom-ART Accelerator™ Use dedicated cryptography
and MJPEG codec and Hashing HW acceleration
offload the CPU by more than 90% to offload the CPU by more than 90%
STM32H7
Transfer data efficiently across Generate complex
peripherals

wave forms
The Main DMA takes care M High-Resolution timer (2.1ns)
of the most complex schemes can generate complex wave forms
between memories and peripherals synchronized on multiples events,
with up to 16 channels to offload the CPU with no CPU assist

Ky 2
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)) Mainstream

Ultra-low Power

Wireless

Ly
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High Perf

STM32F0

106 CoreMark
48 MHz Cortex-M0

STM32L0

75 CoreMark
32 MHz Cortex-M0+

STM32F2

Up to 398 CoreMark
120 MHz Cortex-M3

STM32G0 STM32F1
142 CoreMark 177 CoreMark
64 MHz Cortex-MO0+ 72 MHz Cortex-M3
STM32L1 STM32L4
93 CoreMark 273 CoreMark
32 MHz Cortex-M3 80 MHz Cortex-M4

STM32WL
162 CoreMark
48 MHz Cortex-M4
48 MHz Cortex-M0+

Optimized for mixed-signal applications

180 MHz Cortex-M4

STM32H7 MCU series

STM32F4
Up to 608 CoreMark

STM32F7

1082 CoreMark
216 MHz Cortex-M7

STM32F3 STM32G4
245 CoreMark 550 CoreMark
72 MHz Cortex-M4 170 MHz Cortex-M4

Optimized for mixed-signal Applications

STM32L5

443 CoreMark
110 MHz Cortex-M33

STM32L4+

409 CoreMark
120 MHz Cortex-M4

STM32WB @

216 CoreMark
64 MHz Cortex-M4
32 MHz Cortex-MO+

@ Cortex-M0+ Radio CO-processor

Up to 3224 CoreMark
Up to 550 MHz Cortex -M7

STM32MP1
4158 CoreMark
650 MHz Cortex -A7
209 MHz Cortex -M4

STM32H7

240 MHz Cortex -M4

STM32U5

651 CoreMark
160 MHz Cortex-M33

23



Extensive STM32H7 portfolio

STM32H725/735 I

STM32H745/755I STM32H747/757

480+240 MHz 480+240 MHz
1027 + 300 DMIPS 1027 + 300 DMIPS
RAM 1 MB RAM 1 MB

Flash up to 2 MB Flash up to 2 MB

STM32H7A3/B3 STM32H742  STM32H743/753 | STM32H723/733

280 MHz 480 MHz 480 MHz ToYel 550 MHz 550 MHz .

599 DMIPS 1027 DMIPS 1027 DMIPS 1177 DMIPS 1177 DMIPS

RAM 1.4 MB RAM 692 KB RAM 1 MB RAM 564 KB RAM 564 KB

Flash up to 2 MB Flash up to 2 MB Flash up to 2 MB Flash up to 1 MB Flash up to 1 MB

STM32H7B0 STM32H750 STM32H730 STM32H730Q
) 280 MHz LDO 480 MHz 550 MHz 550 MHz

Value Line BREEEDIVIES 1027 DMIPS 1177 DMIPS 1177 DMIPS

RAM 1.4 MB RAM 1 MB RAM 564 KB RAM 564 KB

Flash 128 KB Flash 128 KB Flash 128 KB Flash 128 KB

/ / /
Arm® Cortex® core Cortex-M7 Cortex-M7 & -M4

Ly
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STM32H7 class

Cores/Speed

Pick the right STM32H7 development tool

Part numbers

Evaluation boards

Discovery Kits

Nucleo boards

STM32H743 STM32H743I-EVAL2 . NUCLEO-H743ZI2
SL”BQAGMC;’Z@ STM32H753, Crypto enabled STM32H753I-EVAL2 : NUCLEO-H753ZI
STM32H750 Value Line, Crypto enabled - STM32H750B-DK -
STM32H74/5 bual Core | STM32H745 - STM32H745I-DISCO NUCLEO-H745ZI-Q
480 +MHZ STM32H747 STM32H747I-EVAL ETFT\AA?SZZIIZI'????'I-?)II%%? i
240 MRz o 132H755/757, Crypto enabled STM32H757I-EVAL i NUCLEO-H755ZI-Q
STM32H7A3 . . NUCLEO-H7A3ZI-Q
STM32H7A/B S;”SQC;eMCIj’Zre STM32H7B3, Crypto enabled STM32H7B3I-EVAL STM32H7B3I-DK ;
STM32H7B0, Value line, Crypto enabled STM32H7B3I-EVAL * STM32H7B3I-DK * :
STM32H723/733 . .
STM32H72/3 Sisnsg(;eMC:Zre STM32H725/735 - STM32H735G-DK -

STM32H730, Value line, Crypto enabled

STM32H735G-DK *

Ly
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* Recommended board (no dedicated board for this part number)
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Create Azure RTOS projects

for STM32H7




Prerequisites

« STM32CubeMX

- https://lwww.st.com/en/development-tools/stm32cubemx.html
« STM32CubelDE

- https://lwww.st.com/en/development-tools/stm32cubeide.html
« X-CUBE-AZRTOS-H7

- https://lwww.st.com/en/embedded-software/x-cube-azrtos-h7.nhtml

life ’l 27



X-CUBE-AZRTOS-H7Y

Start from st.com Start from CubeMX/CubelDE Start from GitHub

. = “-cube-azitos-h7-main
= 4 enx-cr:be-azrtosh? github @ v c )
E]ﬂ mresc ‘ ‘ - _htmrese
VErs : . o
=~ | Middewares them
o | 5T ST M 3 2 ST M 3 2 = : Middlewares
= | cmsis_tos_threads = | 58T

s CubeMX CubelDE I T

filex README.md
::E:uo m Downloading selected software packages * T::::[:
threadx Download File STMicroelectronics X-CUBE-AZRTOS-HT 1.0.0.. netxduo
(e usbx 2 MBytes / 57 5 MBytes | threadx
= Projects usbx
:?;;53;% Download and Unzip selected Files = . Projects
T =] | Ap feations | | - | NUCLEQ-H7237G
ppﬂex - | STM32H735G-DK
MetXDuo oK B Applications
- | ThreadX - | FileX
i | Tu_FreeRTOS_Wrapper T - ; - | Net¥Duo
- Tx_Thread_Sync = | Threadx
=~ | EWARM — G- T_FreeRTOS_Wrapper
[#H- Inc v Software Packs ~ Pinout = Tw_Thread_Sync
- MDK-ARM 7| | EWARM
- | Src Inc
[~ | STM32CubelDE MOK-ARM
extSettings Sro
) readme.html ooty || S U0 A GO0
----- README md [— ~ STMicroslsctronics X-CUBE-AZRTOSHT STM32CubelDE
) > Device AZURE_RTOS Agplcations readme hitml
L8 Tx_Thread_Sync.oc Socuty > ATOS Thesadk README md
- | USBX S > i Syt i s m
@ | STM32HT7431-EVAL P |t E- | USBX
- STM32H7471-DISCO T - STM32H743-EVAL
O ¥-CUBE-AZRTOS-H7_ProjectsList html o Tharn | Mot ontces ®- | STM3ZH7471-DISCO
=~ | 5TM32CubeMx sotvrePacks || oo O XCUBE-AZRTOS-H7_ProjectsList html
- | templates > oS . = a1 (| 5 ghignore
----- % readr_ne et . > Sl UG PRI S -3¢ CODE_OF_CONDUCT md
B . STMicroelectronics X-CUBE-AZRTOS-H7.1.0.0_Corfigs xml [ o e s | N N &l CONTRIBUTING.md
~| ] STMicroelectronics X-CUBE-AZRTOS-H7.1.0.0_Modes xml > STMicroslectronics X CUBE-NFCA R - |
» SThisoceconies K CUBE SFIS2LPY O - e | A [ S & LICENSE.md
Package_License html » SThicroslectronics X CUBE-SUBG2 T o |
e —————— /| A [ B W README.md
Release_MNotes html 2 Slnsbonset 1 T pan Cor]
----- STMicroelectronics X-CUBE-AZRTOS-HT pdsc > VenderAipha Pack2 | Qe -
| No possibility to configure Azure RTOS
. .  wolfSL | GUBE oSS aron ST :
Self contained package with Azure RTOS N MW in CubeMX & regenerate code

MW, CubeMX files & ready to use examples



https://github.com/STMicroelectronics/x-cube-azrtos-h7

Example overview

- 3702| Thread =%}
- Main Thread: 1s Ot} 24
- First Thread: 2s OfC} 24
« Second Thread: Key Event Flag Getting
« User button %E—. A| Dﬂ:f Ejol

¥ COMSE - Tera Term VT - O =
File Edit Setup Contrel Window Help

working...

e User button S &2 7| 9= 2

» EXTI interrupt®i| A] Event Flag Setting

I[4 1: button was pre
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N
sTM32 NP STM32CubeMX A X
CubeMX

1. File > New Project
2- Part Number Syﬂnp“ File Window Help @ n oY k ﬁ

[ Mew Project >

>

« stm32h723zg
Bl MCUMPU Filters
. @ E, O Features Block Diagram Docs & Resources E Datasheet [ Buy [=> Start Project
3. MCU List —]
. Part Number |stm32h723zg v 4 [
High-performance and DSP with DP-FPU, Arm Cortex-M7 MCU with 1 MByte
° N uc I eo- H 723 Care ? STM32H723ZG Flash, 564 KB RAM, 550 MHz CPU, L1 cache, external memory interface,
subset of peripherals
Series >
Unit Price for 10kU (US§):5.125
! . Active e e @
ine Product is in mass production  ggard: NUCLEQ-H7237G LOFP144
Package >
Other 7 MCUs/MPUs List: 2 items Display similar items 1y Export
Arificial Intelligence VI o feerorce lvariciXnitpriccio. X Board X Package X flssnX] RAM X 10X g
i STM32HT232G STM3I2HT7237G1x Act?ve 5126 UPBGAT44 1024 564 kBvtes 114 550 MHz
[ Enable w STM32HT23ZGTx Active 5.125 LQFP144 1024 .. 564 kBytes 114 550 MHz I
Peripheral >

&5 About STM32 P Extemnal Tools

Ky 30
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N~
sTM32 NI STM32CubeMX A X
CubeMX

e STM32CubeMX0{| X-CUBE-AZRTOS-H =f&m A X
1. Help > Manage Embedded Software Package
2. STMicroelectronics Tab I e Softuare Packages Manager .

STM32Cube MCU Packages and embedded software packs releases

XA N Ad
3. X-CUBE-AZRTOS-H7 Z|4 M X + -
Releases Informatignayas last refreshed lass than gne hour ago.
&7 STMicroelectronics
Available Version
¥ X-CUBE-AZRTOS-HT l
Azure RTOS STM32Cube expansion package for STM32HT series (Size : 59.62 MB) 200
[ | Azure RTOS STM32Cube expansion package for STM32H7 series 110
Details

Release version - 2.0.0
Release date : 2021-08-30

Release information -

STM32CubeExpansion_AZRTOS-HT V2.0.0-RC1

Maintenance release V2.0.0-RC1 of Azure RTOS STM32Cube expansion package for STM32HT series
[This version is compatible with STM32CubeMX 6.3.0 and STM32PackCreator 3.2.0

31

life.augmented




-
sTM32 N

SPS
ey STM32CubeMX =3

* Clock Configuration

[ sTM32CubeMX Untitled*: STM32HT23ZGTx — b4
-
e 5650MHz stmz; U File Window Help S oy x
CubeMX
Untitled - Clock Confiauration GENERATE CODE
Pinout & Configuration Clock Configuration Project Manager
] ) Resolve Clock lssues
o RTC [KHz) ri EEQ |TDCPU Clock:
I W ri 550 |TD CPU Systick
32 KHz ;ETDMI Periph:
o IWDG (KHz)

=ETDHCLK3 (MH

DiFFRE B .
7 v — H 1375 |TDAPEI! Peripl
‘;ETD AHBA.2 Peri

System Clock Mux D2FFREI o

20,2 MHAZ max
HEl RC sl . 2 v H 1375 |TDAPEH Feripl
— csl at g SYSCLK (MHz)  D1CPRE Prescaler HFRE Frescalker e - ’TD APBA Timer

T
550 "1 iz v 275 H |T APEZ Peripl
PLL Source Mux M o8 ° e
.TD APBI Timer
DIvVM1 ;H 275 |TD AHBA Perip/

14 v]{x3 v n pEFrRE 8 Mz max
e — 12 v S H 1375 |TDAPEMPeripI

S7
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-
sTm32 NI
CubeMX

» System timer 24
e System Core > SYS

 Timebase Source
« TIM1OZ HZA

Lys
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STM32CubeMX A X

al ]

Categories

System Core v

-

BDMA
CORTEX_MT
DMA

GPID

WDG1
MDMA

NVIC

® sys

TATA D)

Analog >
Timers >
Connectivity >
Multimedia >
Security >

[ STM32CubeMX Untitled™: STM32HT23ZGTx - X
stmz W File Window Hel & n DYy ‘k L
CubeMX P Y’
Untitled - Pinout & Configuration GENERATE CODE

Pinout & Configuration

&

Clock Configuration
v Software Packs

SYS Mode and Configuration

Project Manager Tools
~ Pinout

A

i Pinout view

£°= System view

Timebase Source |TIM1 V|

Warning: This peripheral has no parameters to be configured.

) /4

STM32H723ZGTx
LQFP144

33




N~
sTM32 NP STM32CubeMX A X
CubeMX

N
- C|HY 2 UART &AM
m STM32CubeMX Untitled®™ STM32HT237GTx Y

1. Connectivity: i @ Wincow el ® oy x &y
USARTS3 i GENERATE CODE

Clock Configuration Project Manager Tools
2 P N aSS|g ned " v Software Packs ~ Pinout
. .
&) ode and Configuration inout view £ System view
o3 USART3 Mode and Confi : P s
PD8(TX), PD9(RX) Categors | 5 {
]
SDMMC1 Mode ‘Asynchronous V|
sSDMmC2 -
3 M Od e . SPH Hardware Flow Control (RS232) [Disable w
- " SPI2 [ Hardware Flow Cantrol (RS485)
SPI3 ~ - o -
AS n C h ro n O u S Spi Slave SelectVSS) Management Disable
o
e Reset Configurati
ese
. SWPMI set Configuration
: arameter: UART4
UARTS
UART? STM32H723ZGTx
au ate - UARTS
UARTS Configure the below parameters :
i Qe | © 0 o
ord Length - 8bits _
@ USART3 ~ Basic Parameters
- USARTE Baud Rate 115200 Bits/s
Par I ty = N O n e USART10 Word Length 8 Bits (including Parity)
USB_OTG_HS Parity Mone
Stop Bits -1 S e
p ~ Advanced Parameters
Multimedia > Data Direction ~ Receive and Transmit
Over Sampling 16 Samples
Security > Single Sample  Disable T ra I v e I:
ClockPrescaler 1 O\ - \)\ L J Q

Lyy s
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N~
sTM32 NP STM32CubeMX A X
CubeMX

« Software Packs Component Selector

1. Device AZURE_RTOS Applications
« HW Profile: STM32H723

. . . i —s Q‘b ﬂ >
» Application: azure _rtos_app Slock o gation
= = v Software Packs ||~ Pack/Bunde/ Component | Status | Version | Selectin | - g

[ software Packs Component Selector X

Packs

_ > RoweBots |-CUBE-UNISONRTOS 5504 @
2 . RTOS Th re adx > SEGGER |-CUBE-embOS 1204 ©
> STMicroelectronics X-CUBE-AI 7.00
° Th read X / CO re > STMicroslectronics X-CUBE-ALGOBUILD 121
> STMicroelectronics X-CUBE-ALS 10114
> SThMicroelectronics. X-CUBE-AZRTOS-F4 i 1.0.0@
+ STMicroelectronics X-CUBE-AZRTOS-HT ©
~ RTOS ThreadX © 617
ThreadX / Core ©
ThreadX / Performancelnfo O
ThreadX / TraceX support O
ThreadX / Low Power support ]
> File System FileX 6.1.7
> 6.1.7
> 200
- | o
> Network NetXDuo 6.1.7
> Networl Interfaces 200
» Board Part STM32Cube_BSP_Components 1.1.0

o

STMicroslectronics X-CUBE-BLET 6.21(
STMicroelectronics X-CUBE-BLE2 3211

o || canes |
Kys |3
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N~
sTM32 NI STM32CubeMX A X
CubeMX

) RTO S T h re ad X [ sTM32CubeMX Untitled* STM32H723ZGTx - o ¥
p—1_ File Window Help @ n oy k ‘,_’

- . GubeMX

[ ]
memory pool size: 2048 G coo
Clock Configuration Project Manager

v Software Packs v Pinout

== System view

ik Pinout view

STMicroelectronics X-CUBE-AZRTOS-H7.2.0.0 Mode and Configuration

g N
A

RTOS ThreadX

SWPMI1
UART4
UARTS
UARTT
UARTS
UARTS
USART1
USART2

USARTR
USARTIO e
USB_OTG_HS

Multimedia >

Security >

~ Memary Configuration
Computing > Memory Allocation Use Static MemPool Allgcation

ThreadX memary pool size

A

Middleware >
AW

2048

"I - 36
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-
sTm32 NI
CubeMX

User button 47X
. PC13: GPIO_EXTI13

* GPIO mode:
Falling edge trigger detection

* NVIC:
EXTI line[15:10] interrupts

STM32CubeMX A X

m STM32CubeMX Untitled™ STM32H7232GTx

Categories

System Core A

File

v Software Packs

©

Window

Help

Clock Configuration
~ Pinout
GPIO Mode and Configuration

Project Manager

4
4

- I'In:nnﬁguratn:un

vl

‘Group By Peripherals

|Gr0up By Peripherals

MNVIC Interrupt Table En ahled Preemption Priority Suh Priority

EXTI line[15:10] interrupts

BOMA
CORTEX_M7
DIMA

WG
MDMA
NVIC
RCC

v SYS
WWDG1

Analog b4
Timers >
Connectivity b4

Multimedia >

Security b4

Search Signals

aa 1+

PC13 nla

+PCA13 Configuration

[1 Show only Modified Pins

External . No pull-__.

mmm

GPIO mode

‘Exiemal Interrupt Mode with Falling edge trigger detection

V||

GPIO Pull-up/Pull-down

User Label

‘No pull-up and no pull-down

~]

iE Pinout view

X

® oy x

tled - Pinout & Configuration GENERATE CODE

GFI_EXTI3

Reset_State
PWR_WKUP4
RTC_OUT_ALARI
RTC_OUT_CALIB
RTC_TAMP1
RTC_TS
GPIO_Input
GPIO_Qutput
GPIO_Analog

EVENTOUT
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N~
sTM32 NI STM32CubeMX A X
CubeMX

 Toolchain / IDE
« STM32CubelDE EE T

STM3? ﬁ File Window Help

CubeMX
« GENERATE CODE
Pinout & Configuration

hed

® oy x &/

GENERATE CODE

Clock Configuration Project Manager

¢Project Settings
Project Name
|stm32h?2 3_azure_threadx |

Project Location

|Ci\Wnrks pace\_Demol |

Application Structure

|Advanced ~ | [ Do not generate the ma...

Toolchain Folder Location

[ Copying libraries files. .

Code Generator

Toolchain / IDE

STM32CubelDE ~ e T

¢ Linker Settings

Minimum Heap Size |0x200
Minimum Stack Size |0x400

Advanced Settings

+Mcu and Firmware Package
Mecu Reference
[5TM32H7237GTx |

Firmware Package Name and Version
[5TM32Cube FW_H7 V1 9.0 |

1S7; - .
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-
sTm32 N
CubelDE

AZURE_RTOS

e Core

Drivers

 Middlewares

) /4

life.augmented

STM32CubelDE A&

File Edit Source Refactor Mavigate Search Project Run  Window Help

i B~ (i ig- S -0 QS

[ Project Explorer &3 BES Y § =0
v E stm32h723_azure_threadx
il Includes
w B A7URE RTOS
v (= App
[h app_azure_rtos_config.h
@ app_azure_rtos.c
[B app_azure_rtos.h
w (2 Core
= Inc
v = Src
[ app_threadk.c
[ main.c
[ stm32hTec_hal_msp.c
[ stm32hTsoc_hal_timebase_tim.c
[€] stm32hTocit.c
[€] syscalls.c
[€] sysmem.c
€] system_stm32hTocc
@ t_initialize_low_level.s
= Startup
w [ Drivers
(= CMSIS
= STM32HT:o HAL Driver
(2 Middlewares
E stm32h723_azure_threadx.ioc
|30 STM32HT23ZGTX_FLASH.Id
|3 STM32HT23ZGTH_RAM.Id

[#] Problems J£] Tasks B Console 57 [T Properties

Ne consoles to display at this time.

=0

—

Q B |E@D s
=g Dmom ™ =0
g

There is no active editor
that provides an outline,

@ B.. =Z=St. 5. B <
LA

Mo search results available, Start a
search from the search dialog...

oo O
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USART printf & 1+

« USART32 O|&3IJ printf() 2f~ Overring

. Serial console 2?1 7=

int write{int32 t file, uint3 t *ptr, int32 t len)
1
if(HAL_UART_Transmit({&huart3, ptr, len, len) == HAL OK )
1
return len;
h
else
1
return @
¥
I
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Main.c

« MX_AZURE_RTOS Init
« Calltx_kernel enter() merew

{
/* USER CODE BEGIN 1 */
/* USER CODE END 1 */
/* MCU Configuration---------oooomm */
/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL TInit();
/* USER CODE BEGIN Init */
/* USER CODE END Init */
/* Configure the system clock */
systemClock_Config();
/* USER CODE BEGIN SysInit */
/* USER CODE END SysInit */
/* Initialize all configured peripherals */
MX_GPIO_Init();
M} USART3 UART Init():
MX _AZURE RTOS Init(); |
/* USER CODE BEGIN 2 */
/* USER CODE END 2 */
/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)
1

Ky n
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Azure RTOS Workflow

System Reset Vector Initialization Process

™
entry point*

v
development tool initialization™

B

ain( )

L

tx kernel enter( )

€————3 tx _application define (msm ptr)

L5 FEnterthread
scheduling loop

* denotes functions that are
development-tool specific

"l 0|0 X| &X: ThreadX User guide - https://docs.microsoft.com/en-us/azure/rtos/threadx/chapter3 42
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Creation Memory Pool

5= A
° app azure rtOSC O-” X|_ (&) Cgl g EIZII #if (USE_MEMORY_POOL_ALLOCATION == 1)
_ _ /* USER CODE BEGIN TX_Pool Buffer */
icati : : [* 1ISER COOF ENn Tx Pogl Buffer */
VOID tx_application_define(VOID *first_unused_memory) static UCHAR tx_byte_pool buffer[TX_APP_MEM_POOL_SIZE];

{ .
: . . . tat Tx BYTE POOL T byt ]
/¥ USER CODE BEGIN tx_application_define 1%/ 4400 S —

#endif

J* USER CODE END tx_application_define_1 */
#if (USE_MEMORY POOL_ALLOCATION == 1)
VOID *memory_ptr;

if (tx _byte pool create(&tx app byte pool, "Tx App memory poocl", tx byte pool buffer, TX_APP_MEM POOL_SIZE) != TX SUCCESS)

1
/* USER CODE BEGIN TX_Byte Pool_Error */
/* USER CODE END TX_Byte_Pool Error */

¥

else

1

/* USER CODE BEGIN TX_Byte Pool Success */f
/* USER CODE END TX_Byte Pool Success */

memory_ptr = (VOID *)&tx_app_byte pool;

if (App_ThreadX_Init(memory_ptr) != TX_SUCCESS)
1
/* USER CODE BEGIN App ThreadX Init Error */
/* USER CODE END App ThreadX Init Error */
I

Ky e
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Memory Management

S EEIR=1- 3N

Memory Byte Pool

—
= 29 A offM AlZHO] B
dde = Qo M E 2| JH|
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Thread Feature

 Thread State Transition

tx_thread_create

TX_AUTO_START TX_DONT_START

Senvices with Suspension

Ready State <€ > Suspended State
Thread
Scheduling
Self
Terminate Suspend
Service Terminate
Executing State Service
Self
Retum Terminate
From Thread
Entry Function v

Completed State* Terminated State™

* Optional Reset to Auto Start Point * Optional Reset to Auto Start Point

O|O|X| &X: ThreadX User guide - https://docs.microsoft.com/en-us/azure/rtos/threadx/chapter3

Ky 4
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* tX_thread create Parameters

thread control block
thread name

thread entry function name
user input

stack pointer

stack size

priority
preemption-threshold

time slice option

auto start option

Ly
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e app_threadx.c

« App_ThreadX_lInit 2/5=0{ Thread & D= =7}

Thread XA

UINT App ThreadX Init(VOID *memory ptr)
1
UINT ret = TX_SUCCESS;
TX_BYTE_POOL *byte pool = (TX_BYTE_POOL*)memory_ptr;

/* USER CODE BEGIN App_ThreadX_Init */
CHAR *pointer;

if (tx_byte allocate(byte_pool, (VOID **) &pointer,
APP_STACK_SIZE, TX_NO WAIT) != TX_SUCCESS)

1
ret = TX_POOL_ERROR;
¥
/* Create MainThread. #*/

if (tx_thread_create(&MainThread, "Main Thread", MainThread_Entry, @,
pointer, APP STACK SIZE,
MAIN_THREAD _PRIO, MAIN_THREAD PREEMPTION_THRESHOLD,
TX_NO_TIME_SLICE, TX_AUTO START) != TX_SUCCESS)

1
h

ret = TX_THREAD ERROR;

lmp Build Analyzer =2 Static Stack Analyzer 3 [ ]
stm32h723_azure_threadx.elf - /stm32h723_azure_threadx/Debug - May 17, 2021, 2:16:28 PM|
List Call graph
[~] Hide dead code

== =

Ly
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Function Local m\;t Type Location

© HAL_UART_Msplinit 224 STATIC stm32h T _hal_msp.c:d
_tx_event_ﬂags_set 144 STATICIG..  tx_event_flags_set.c:80
@ SystemClock_Config 120 STATIC main.c:123
_b(_thread_system_suspend 120 STATICIG..  tx_thread_system_susp
@_txe_thread_create 104 STATIC_IG...  tke_thread_create.c:90
_tx_thread_system_resume 96 STATIC_IG..  tx_thread_system_resu
_tx_byte_allocate a2 STATICIG...  tx_byte_allocate.c:82
@_tx_byte_pool_search 88 STATIC_IG..  tx_byte_pool_search.c:
_tx_event_flags_get 88 STATIC_IG..  tx_event_flags_get.c:81
@ UART SetConfig 72 STATIC strn32hTio_hal_uart.c:3)
@_txe_b)rte_pool_create T2 STATIC_IG..  txe_byte_pool_create.c;
_b(e_event_ﬂags_create 72 STATICIG..  txe_event flags_create.

L I ' . = raTis 1, — ' . an
P 2
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« MainThread

wvoid MainThread Entry(ULONG thread_input)
1

printf({"This is Main Thread Entry“rin"};
while(1)

{

printf("[%d] Main Thread is weorking...\r\n", (int)tx_time get(});
tx_thread sleep(lea);

¥
b

 FirstThread

void FirstThread Entry(ULONG thread_input)
1

printf({"This is 1st Thread Entry\rin"};
while(1)

1

printf("[%d] 1st Thread is werking...\r\n", (int)tx time get());
tx_thread sleep(28@);

}

h

Ly
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Thread implements

« SecondThread
* tx_event flags get

vold SecondThread Entry{ULONG thread_input)

d

ULONG actual flags = @;
printf{"This is 2nd Thread Entry’rin”);

while(1)
1
if (tx_event_flags_get(&EventFlag, THREAD EXTI_EVWT, TX_OR_CLEAR,
&actual_flags, TX WAIT FOREVER) != TX_SUCCESS)
1

Error_Handler();

b

else

1

b
¥

printf({"\r\n[¥d]2nd Thread alarms the User button was pressed!!\rin'rin", (int)tx_time_get());

h

Ly
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« User button (PC13) EXTI handler
« stm32h7xx_it.c O Of2 A= =tQl

void EXTI15 1@ IRQHandler(woid)

1

/* USER CODE BEGIN EXTI1S 1@ IRQn & */

/* USER CODE END EXTI15 1@ IRQn @ */
HAL_GPIO_EXTI_IRQHandler(GPIO_PIN_13);
/* USER CODE BEGIN EXTI15_1@ _IRQn 1 */

f* USER CODE END EXTI15 18 IRQn 1 */

}

- HAL_GPIO_EXTI_Callbak T

void HAL GPIO EXTI Callback({uintls t GPIO Pin)
1

if(GPIO_Pin == GPIO PIN_13)

1

if (tx_event_flags_set(&EventFlag, THREAD EXTI_EVWT, TX_OR)

1

Error_Handler();

b

l= TX_SUCCESS)

Ly
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Demo

» Serial console £ Logging ¢!

» User button 2 = 2{ Key event x| 2|

+ LED &%} 2f¢!

-1 /1 L—

LED Indicator
e LED 1: Main Thread

T COMS6E - Tera Term VT - O *

FileEdit Sup Cortrol _Window _Help e LED 2: F|rSt Thread
el - | ED 3: Key Event

ng...

A

NEu s
NEu s
NE.w
ing...
cing. ..

NE. ..
NE...

O5PI—— ADC

ng...
ng...

-

FTIME

cing. ..
ng...

9

58]12nd Thread alar er button

) /4
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STM32CubelDE ThreadX Debug Tools

Search  Project  Run | Window  Help
00 @ & = = . NewWindow D -L-® V- HH-F -2 O
e ’ = | i+ & = B  [d app_threadx.c [h| app_threadx
priex-M C/C++ Applicati AL ’ 54 /* USER CODE END PFP */
s 0] Show View > Threadx > ThreadX Thread List .
Runnin .
311) a Perspective » FreeRTOS 3 ThreadX Semaphores @ *f
i
Navigation y B swv 3 ThreadX Mutexes ;
®g Breakpoints Alt+Shift+Q, B ThreadX Message Cueues
Preferences ais  Build Analyzer ThreadX Event Flags licat
B Console Alt+Shift+Q, C ThreadX Timers
35 Debug ThreadX Memory Block Pools
E Debugger Console ThreadX Memory Byte Pools
& Debug Sources S B nis
= Disassembly 69  /* USER CODE END 1 */
€] Error Log Alt+Shift+Q, L 78 .
— 71 /* MCU Configuration--
{3 Executables 73
El Console [*] Problems 3 Executables I ThreadX Semaphores [ ThreadX Thread List 53
Mame Friority State Run Count Stack Start Stack End Stack Size Stack Pir Stack Usage
First Thread 21 SLEEP (40) 36 24000234 (o2 2000433 a2 24000364 Disabled
Main Thread 20 SLEEP (G8) 112 Ox2400009¢ On2400029b 512 (o2 40001 5¢ Disabled
Second Thread 22 SUSPEMDED (event flags 0) 1 Ox2400043c Ox240006ab 512 Ox2400050¢ Disabled
System Timer Thread 0 SUSPENDED 612 Ox24001188 o2 4001587 1024 (oc2400142¢ Disabled
‘ = |dle
’ l 52
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Resources




Resources

« STM32Cube Ecosystem: https://www.st.com/en/ecosystems/stm32cube.html

* X-Cube-AZRTOS-H7: https://www.st.com/en/embedded-software/x-cube-azrtos-n7.html
* X-Cube-AZRTOS-H7 Github: https://github.com/STMicroelectronics/x-cube-azrtos-h7

« STM32 MCU Wiki: https://wiki.st.com/stm32mcu/wiki/Main_Page

* Azure RTOS Github: https://github.com/azure-rtos

« Azure RTOS ThreadX & & Al: https://docs.microsoft.com/ko-kr/azure/rtos/threadx/

Azure
‘ RTOS
e

Microsoft® Azure RTOS to enhance

Lys

o Microsoft
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https://www.st.com/en/ecosystems/stm32cube.html
https://www.st.com/en/embedded-software/x-cube-azrtos-h7.html
https://github.com/STMicroelectronics/x-cube-azrtos-h7
https://wiki.st.com/stm32mcu/wiki/Main_Page
https://github.com/azure-rtos
https://docs.microsoft.com/ko-kr/azure/rtos/threadx/
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