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Application note

STM32H7x5/x7 dual-core microcontroller debugging

Introduction

The STM32H7x5/x7 dual-core microcontroller lines as described in Table 1. Applicable products (named STM32H7x5/x7
microcontrollers in this document) are based on the high-performance Arm® Cortex®-M7 and Cortex®-M4 32-bit RISC cores.

The STM32H7x5/x7 microcontrollers require a specific development approach so the application can take maximum advantage
dual core architecture.

This application note provides guidelines for the debug of custom applications which run on the STM32H7x5/x7 microcontrollers
using the software Toolchains: EWARM, MDK-ARM and SW4STM32.

The following subjects are addressed;

. An overview of the new IDE features which supports the dual core products.

. How to use EWARM, MDK-ARM and SW4STM32 with a dual-core device using the ST-LINK debug.
For more information on the STM32H7x5/x7 microcontrollers, refer to the following documents on www.st.com:
. STM32H745xI/G datasheet (DS12923)

. STM32H755xI datasheet (DS12919)

. STM32F7 Series and STM32H?7 Series Cortex®-M7 processor programming manual (PM0253)

Table 1. Applicable products

Microcontrollers STM32H745/755, STM32H747/757
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1 General information

This document applies to the STM32H7x5/x7 dual-core Arm®-based microcontroller lines.

Note: Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

arm
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2 Dual debug main features

A multicore processor is composed of either heterogeneous cores (which means different cores) or homogenous
cores (identical cores).

The STM32H7x5/x7 dual-core microcontrollers use an heterogeneous core architecture. It is composed of an
Arm® Cortex®-M7 core and an Arm® Cortex®-M4 core.

The two cores boot either separately or together. This is configurable using dedicated option bytes BCM7 and
BCM4.

2.1 Access port
The STM32H7x5/x7 microcontrollers contain four access ports (AP) attached to the debug port (DP):
1. APO: Cortex®-M7 access port (AHB-AP) gives access to the debug and trace features integrated in the
Cortex®-M7 processor core via an AHB-Lite bus connected to the AHBD port of the processor.

2. AP1: D3 access port (AHB-AP) which allows access to the bus matrix in the D3 domain. The D3 domain
memory and peripherals are be visible when the D1 and D2 domains are switched off. No Arm® CoreSight™
components are accessible via this port.

3. AP2: System access port (APB-AP) allows access to the debug and trace features on the APB debug system
bus, that includes all components that are not part of any of the processor cores.

4. AP3: Cortex®-M4 access port (AHB-AP) allows access to the debug and trace features integrated in the
Cortex®-M4 processor core via its internal AHB bus.

2.2 Cross trigger interface (CTI) and cross trigger matrix (CTM)

The cross trigger interfaces (CTI) and cross trigger matrix (CTM) together form the Arm® embedded cross trigger
feature. There are three CTIl components, one at system level, one dedicated to the Cortex®-M7 and one
dedicated to the Cortex®-M4. The three CTls are connected to each other via the CTM as illustrated in Figure 1.
The system-level and the Cortex®- M4 CTls are accessible to the debugger via the system access port and
associated APB-D.

The Cortex®-M7 CTl is physically integrated in the Cortex®-M7 core, and is accessible via the Cortex®-M7 access
port and associated AHBD.

AN5286 - Rev 2 page 3/50



‘,_l AN5286

Dual debug main features

Figure 1. Embedded cross trigger
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The CTls allow events from various sources to trigger debug and trace any activity. For example, a break-point

reached in one of the processor cores stops the other processor, or a transition detected on an external trigger
input starts code trace.

Each CTI has up to 8 trigger inputs and 8 trigger outputs. Any input can be connected to any output, on the same
CTI, or on another CTI via the CTM.

For more information on cross trigger input and output signals for each CTI, refer to the reference manual
STM32H745/755 and STM32H747/757 advanced Arm®-based 32-bit MCUs (RM0399).
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2.3 Debug power domain
The debug components are distributed across the power domains D1, D2 and D3 as illustrated in Figure 2.

Figure 2. Debug power domain
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. D1 domain (highlighted in dark gray): contains the Cortex®-M7 core with the associated debug and trace

components. It also contains the system trace components located on the APB-D which are common to

both processors. This power domain therefore needs to be active whenever the Cortex®-M7 debug access
is required, or when the trace functionality is active on either processor.

. D2 domain (highlighted in mid gray) only contains the debug and trace components dedicated to the
Cortex®-M4. Removing this power domain does not impact the Cortex®-M7 debug and trace.
. D3 Domain (highlighted in light gray) must be active when the debugger is connected to it as it contains the

serial wire JTAG debug Port (SWJDP). This ensures the debugger does not loose the connection with the
system on chip (SoC) when one or both of the other power domains are switched off. In addition, it contains

the time-stamp generator, the DBG_MCU and the serial wire trace features which allow the Cortex®-M7
core to be switched off while still allowing basic trace on the Cortex®-M4.

AN5286 - Rev 2 page 5/50



‘_ AN5286
,’ Debuggers (software and hardware)

3 Debuggers (software and hardware)

Dual-core debugging allows the simultaneous debugging of both cores using a single hardware debug probe. The
debug information for both cores is displayed either in a single IDE GUI or have an IDE GUI instance for each
core. A representation of separate IDE GUI instances is illustrated in Figure 3.

Figure 3. Dual debugger
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To ensure dual debug, a debugger must offer:

. access port selection capability

. simultaneous multiple core connection capability using the same debug probe
. visibility of all cores

. support of cross trigger Arm® component

. possibility to switch between access ports during the same debug session to visualize memory and
peripherals statutes in the other domains.

The supported dual-core management features differ from a debugger to another.
In the STM32H7x5/x7 microcontrollers, the Flash memory is divided into two banks:
. CM?7 uses bank1 from 0x0800 0000 to 0x080F FFFF

. CM4 uses bank?2 from 0x0810 0000 to 0x081F FFFF.

Figure 4 illustrates the boot address options.
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Figure 4. Boot address

Boot address optioh bytes

CM7_BOOT_ADDO(H) O=0200 Boot from (H)  0x03000000
CM7_BOOT ADDT [H] O<1FFO Boot from (H)  0x1FFO0000

Chd4_BOOT_ADDO[H]  Ox0870 Boot from [H] - 0=08700000
Ch4 BOOT ADDT [H] 01000 Boot from (H] - 0=10000000
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= Using IAR Embedded Workbench® for Arm®

The latest version of IAR Embedded Workbench® for Arm® (EWARM) is available for download from the official
web site of IAR Systems® System https://www.iar.com.

Note: Dual debug is supported using IAR starting from version 8.30.

4.1 Dual debugging on EWARM

IAR Embedded Workbench® offers the possibility to simultaneously debug two cores with different architectures,
asymmetric multicore processing (AMP) using the same project with different configurations for each core or from
two separate workspaces.

4.2 Steps for dual debug with ST-LINK/V2

Once the debug tools are installed, the debug operations can start. Here is the step by step instructions working
with the STM32H7x5/x7 microcontrollers using EWARM v8.32.3 and ST-LINK as debug probe.

Core project configuration

This example creates one project for each core and to set up dual-core debugging using an ST-LINK/V2:
1. Install the latest version of the STLINK server available on www.st.com as illustrated in Figure 5.

Figure 5. ST-LINK server installation

Part Number 4 software Version Marketing Status

ST-LINK-SERVE Active

libgee_s_sjlj-1.dll
libusb-1,0.dll

libwinpthread-1.dIl
[5] stlinkserver.exe

Note: Dual debug is supported using ST-LINK server starting from version v1.1.1-3.
The ST-LINK USB driver installs automatically. To manually install the tool chain:

a. Go to the tool-chains installation directory and run the STLink_V2_USB.exe from (INSTALL PATH)\IAR
Systems\Embedded Workbench 8. 2\arm\ drivers\ST-Link \ST-Link_V2_USBdriver.exe

b. Follow the procedure for EWARM with the STM32H7x5/x7 microcontrollers using the ST-LINK V2/V3
debug probe. First step is to configure the CM7_project.
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2. Open the IAR Embedded Workbench® and create one project for each core. Ensure the settings are
compatible for both debug probe in each project. For the CM7-project. Choose the correct device using
Project — Options — Target Device (Figure 6).

Figure 6. Device selection
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5T STMI2HTATI_CMT
5T STM32HT5TAL Ch4
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5T STM32HT5TBI_CM7
5T STM32HT75TIL_CM4

5T STM32ZHT5TI_CMT

STM32H7T0 3 5T STM32H757X1_Ch4
STM32HT:3 J 5T STM32HT5TXI_CM7
STM32HT:5 J 5T STM32H757Z0_Cv4
STM32H7x7 ] 5T STM32HTSTI_CM7
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3. Go to: Project — Options — Linker — Config (Figure 7):

Figure 7. Linker — Config tab

Categow: [ Factory Settings
General Options
Static Analysis
Runtime Checking
C/C++ Compiler | Hdefine | Diagnostics Checksum I Encodings | Extra Options
Assembler Config | Librany | Input Qptimizations | Advanced | Output | List
Qutput Converter Linker corfiguration file
Custom Build - ]
Build Actions [¥] Overmide default
$PROJ_DIRS\stm32h Fox_CM7_FLASH.icf (]

Click Edit to display the linker configuration file editor.

Check the application address is correctly configured in the linker configuration file.
Open the Vector Table tab and set the intvec start variable to 0x08000000.

Open the Memory Regions tab, and enter the variables (Figure 8).

a0 T o

Figure 8. Memory Regions tab

Vector Table | Memory Regions | Stack/Heap Sizes

Start: End:
ROM Jx 03000000 Ox080FFFFF
RAM 0% 20000000 0% 200 1FFFF
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4. Open the Debugger Category from: Project — Options — Debugger.
Select the Download tab and tick the Use flash loader(s) check box (Figure 9).

Figure 9. Select Flash loader
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5. Select ST-LINK as a debug probe from: Setup tab (Figure 10).
Figure 10. Debugger — Setup tab
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6. From Project —Options — ST-LINK — Setup (Figure 11)

Figure 11. ST-LINK — Setup tab
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a. Select the Reset type:
° System reset: resets the cores and peripherals.
° Core reset: resets the core via the VECTRESET bit, the peripheral units are not affected.
° Software reset: sets the PC to the program entry address.

° Hardware reset: the probe toggles the nNSRST/nRESET line on the JTAG connector to reset the
device. This reset usually resets the peripheral units also.

° Connect during reset: ST-LINK connects to the target while keeping Reset active. Reset is pulled low
and remains low while connecting to the target.

b. Select the communication interface:
° JTAG: to use the JTAG interface.

° SWD: to use the SWO interface, which requires fewer pins than JTAG. Select SWD to use the serial-
wire output (SWO) communication channel.

c. Select the access port : APO for CM7 or by selecting the Auto option
° Auto: automatically uses access port 0 for CM.
° Manual: the user specifies the access port to be used.
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7. Enable the use of ST-Link server by selecting shared mode from : Project — Options — ST-LINK —
Multicore (Figure 12).

Figure 12. ST-LINK — Multicore
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DT63209V1

CM4-project configuration

To configure the CM4-project follow the same steps mentioned above for CM7 and make the following changes:
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1. Choose the correct device Project — Options —Target — Device (Figure 13).

Figure 13. Device selection
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2. Go to Project — Options — Linker — Config. Examine the linker configuration file to make sure that the
application has been linked to the right address (Figure 14).

Figure 14. Linker — Config Tab

General Options
Static Analysis
Runtime Checking
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Custom Bui
Build Actions [¥] Overmide default
SPROJ_DIRS'stm32h Boc_CM4_FLASH icf (]
Debugger
Simulator
CADI

To change the linker configuration;

- Click Edit to display the linker configuration file editor.

- Open the Vector Table tab and set the intvec start variable to 0x08100000 .
- Open the Memory Regions tab, and enter the variables (Figure 15).

Figure 15. Memory Regions tab

Vector Table | Memory Regions | Stack/Heap Sizes

Start: End:
ROM 0x03 100000 0x08 1FFFFF
RAM 0 lUUUUUUU| 0% 1003FFFF
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3. From Project — Options — ST-LINK — Setup select the Access Port: AP 3 for CM4 or by selecting the Auto
option (Figure 16).

Figure 16. ST-LINK — Setup
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4. Before downloading the project, connect to the STM32H747I-EVAL board:

Power the board up using an external power and ensure that the jumper (jp20) connected to the PSU
pins.

Connect the ST-LINK/V2-1 programming and debugging tool on the STM32H747I-EVAL board. Plug the
USB cable to the CN23 ST-LINK/V2-1 USB connector of the board: LD12 lights up red when the ST-
LINK is connected.

Figure 17 shows the STM32H747I-EVAL board with a USB cable that is connect to an ST-LINK which is
outside the picture .

Figure 17. Hardware environment

X
=
o
.
—
»
>»
]
o
<
>

5. Start a debug session by clicking the Download and Debug button in the toolbar to program the flash memory
and start debugging

The core window is available from the View menu: both cores can be started and stopped individually or

simultaneously from each instance. Each instance of the IDE displays debug information for the respective
core as illustrated in Figure 18.
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File Edit View Project Debug Disassembly ST-link Tools
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Figure 18. Start debug session
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78 /* Private functions 0258020000 57 + gbrief Main program 0x681005ea: 0x2001
79 0x8000dde: 0258020400 58 * éparan None 0x81005ec: Oxbd32
BO L] /** 0:8000de0: 0x58020800 &2 ¢ gretval None 0x81005e=: 0xbi00
8L + gbrief Main program 0x8000d=4: 0x58020c00 &0 * 0x81005£0: 0x10000000
8z + @parem None 0=8000de8 . 0x56021000 @ 61 |nt main(void) 0x81005£4: 0x1000000c
83 *+ gretval None €2 Hig int main(woid
al ottt BT i s o s e
Ei | jiotimninivold) 0x8000d£4: 0x58021c00 e || R FOC M CIK ERRELEQ) nain
65
:: ! /% System Init, System clock, volta UBOCOEE Rt 8022000 L3
aa Tn thm meantima Nmain 0 ie i meam(cee)) 67 | EAL BSEM Activetelotification( HAL A R B SENTCLKSENARLE)
I Froject < [ (K3 | R 3 Project <[] k|| B n
I Ready Errors 0, Warnings 0 Ln85, Call System CAP M Il Ready Errors 0, Warnings 0 Lngl, Coll System  CAP |

4.3

431

4.3.2

Note:
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Steps for dual debug with I-jet™

This section provides step by step instructions on how to work with the STM32H7x5/x7 microcontrollers using
EWARM v8.32.3 and Il-jet™ as a debug probe.

The development environment allows both cores to be run individually or simultaneously from each IDE instance.
Everything is therefore performed in one single development environment.

Two different use cases are outlined in Section 4.3.1 and Section 4.3.2.

Symmetric multicore debugging

This is debugging a symmetric device using only one instance of the IDE. The debug windows (watch window,
memory windows and so on) display the information that is related to the core being focused on.

Asymmetric multicore debugging

Debugging an asymmetric device using one IDE instance for each core, one acting as master and the other
acting as a slave.

Master and Slave are just naming used to define which project starts first.
In this example, one project is created for each core.

I-jet™ probe project

To set up for a multicore debugging using an I-jet™ probe:

1. Open IAR Embedded Workbench® and the application. Choose CM7 as a master and CM4 as a slave. Start
with the master project configuration (CM7).
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2. Choose the correct device Project — Options — Target — Device (Figure 19).

Figure 19. Target device

pm—
< ST STM32H7474_CM7 >

El = ﬁ:ﬁzrr.rq.ru_l..,wlil

5T STME2HMATA_CMT
5T STM32HT5TAL CM4
5T STM32HTSTAL CMT
5T STM32H757BT_Ch4
5T STM32H75TBI_CMT
5T STM32HT757I_Ch4

5T STM32HT5TI_CMT

STMI2HT:0 3 5T STM32H757X1_Ch4
STM32HT:3 ] 5T STM32H75TX1_CMT
S5TM32HT=5 ] 5T STM32HT757TA_CM4
STM32HT:T ] 5T STM32HT5TZ_CMT7

3. Select I-jet as a debugger from: Project — Options — Debugger — Setup (Figure 20).

Figure 20. Debugger — Setup tab

General Options

Static Analysis

Runtime Checking
C/C++ Compiler Setup | Download | Images | Extra Cptions | Mutlticore | F'Iuginsl
Assembler

Output Conwverter <’

Driver
| 1et /I TAGiet

[¥] Bun to

main

Custom Build
Build Actions
Linker

[7] Use macro fie(s)
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4. Select the Reset type from Project — Options — I-jet/JTAGjet — Setup (Figure 21). For more information
on the reset type refer to Section 4.2.

Figure 21. I-JET/JTAGJET — Setup tab

Runtime Chedking
C/C++ Compiler Setup  Interface Trace Breakpoints
Assembler Reset
Qutput Converter
Custom Build Connect during reset (default) e
Build Acti .
Li:lker b Cruration; 00| Drelay after: 2000 ms
Debugger
Simulator Target power Emulatar
CADI From the probe ] :delweaé?uﬂmmm for probe
CMSIS DAP (®) Leave on after debugging o
GDE Server , . Serial no: I:I
- y () Switch off after debugaing
-etfJTAGet

5. Go to Project — Options — Linker — Config. Check the linker configuration file to make sure the application
is linked to the correct address (Figure 22).

Figure 22. Linker — Config tab

General Options l ‘
Static Analysis
Runtime Checking
C/C++ Compiler | Hdefine | Diagnostics Chechksum | Encodings | Extra Options
Azzembler Corfig | Library I Input | Optimizations | Advanced I Output I List
S“T:t [;uq:erter Linker corfiguration fils
ustonm Bui
Build Actions [#] Override defautt
EPROJ_DIRS stm32h hoc_CM7_FLASH.icf D
Debugaer
Simulator

Click Edit to display the Linker configuration file editor. Check the linker configuration file to ensure the
application is linked to the right address Open the Memory Regions tab, and enter the variables as shown in

Figure 23.

Figure 23. Memory Regions tab

Vector Table | Memory Regions | Stack/Heap Sizes

Start: End:
ROM Jx 03000000 Ox030FFFFF
RAM O 20000000 0% 200 1FFFF
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6. Choose Project — Options — Debugger — Multicore and select Enable multicore master mode (Figure 24).

Figure 24. Debugger — Multicore tab

LI — X
STM32H747I_EVAL_CM4 D) >
Fileg :
Setup | Download | Images | Exra Options | Muticors. | Plugins
JProject - STM32H7471_ EVAL_ CM4 | v |
metric muttico m
= W Drivers .
@ i Exarple L]
i Qutput
workspace &
et/ TTAGjet stave proeet; Qlwoect
ikl Troce Slave configurtic@oTMIZH747T_EVALCHY 3
T Stellaris
PE micro [7] Attach slave to urring target
STLINK
Third-Party Driver —
TIMSP-FET >
TIXDS 8
S
©
o

Specify the workspace path, project name, and configuration name to use when starting the slave session

CM4 slave configuration

To configure the Slave (CM4) follow the same steps mentioned above for CM7 and make sure to use compatible
settings are used for the debug probe on both projects

1. Choose the correct device Project — Options — Target — Device (Figure 25).

Figure 25. Device selection

p—
< 5T STM32HT4TXI_CMT D

5T STM32HT4TA_CMT
5T STM32HT5TAL CM4
5T STM32HT5TAL CMT
5T STM32HT5TEL_CM4
5T STM32H757BI_CM7
5T STM32H757T_Ch4

5T STM32H7570_CM7

STM32HT:0 ] 5T STM32HTSTRI_CM4
STM32HT:2 3 5T STM32H757XI_CMT
STM32HT:5 J 5T STM32H757TA_C4
STM32H7x7 J 5T STM32H757A0_CM7
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2. Go to Project — Options — Linker — Config (Figure 26).

Figure 26. Linker — Config tab

Eetisigon.: [ Factory Settlings ]
General Options
Static Analysis
Runtime Chedking
C/C++ Compiler | Hdefing | Diagnostics Checlksum | Encodings | Extra Options
Assembler Conffig | Librany | Input Oiptimizations | Advanced | Output | List
S“h;':t t;or.::erter Linker corfiguration file
ustom Bui
Build Actions [¥] Ovenide default
SPROJ_DIRS \atm32h Foc CM4_FLASH icf E]
Debugger
Simulator
CADIL
CMSTS MAP Carfionnration file svmbol definitinons: ione ner line)

3. Click Edit to display the Linker configuration file editor. Open the Memory Regions tab, and enter the variables
as shown in Figure 27.

Figure 27. Memory Regions tab

Vector Table | Memory Regions | Stack/Heap Sizes

Start: End:
ROM 0x03 100000 Ox03 1FFFFF|
RAM O 10000000 0= 1003FFFF
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4. Before downloading the project, first setup the connection with the STM32H7xxI-EVAL board with the following

procedure:
Power the board up using an external power and ensure that the jumper (JP20) is connected to the PSU

pins.
Connect the I-jet programming and debugging tool on the STM32H7xxI-EVAL board. Plug the JTAG

cable to the CN9 (JTAG) connector of the board.
Figure 28 shows how to connect the I-jet™ to the STM32H7xxI-EVAL board.

Figure 28. Hardware environment

>

©
(3
©
©
-
-
g
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5. Open the project (Figure 29):

Figure 29. Debug session

File Edit View

Project Debug Disassembly Ijet/JTAGjet Tools Window Help
hn@R@ 8 X5 loc 1 <QO%E<B>RAR R®= B P T
Cores * o X
Care Status PC Cycles
[#] 0: Cortex-M? Running — -
Bl 7 ol Sloooed AelIEL OTEE FEELEFES T
g
@ Project - Slave - IAR Embedded Workbench IDE - Arm 8.32.3 [ ‘i
File Edit View Project Debug Disassembly Ijet/JTAGjet Tools Window Help
DDA = LWE OC < Q> K=< Q> NG B@-=] T Tiem
Cores
Core Status FC Cycles
o ComanAAT Ruseiig - -
B 1:Cortex-M4 Stopped 0=08100646 2664678432
Woaorkspace * 0 X |main.c x| w | Disassembly
STM32HT47)_EVAL_Chi4 +| [main{) fol  Gow -
X 78 - K
Files B - 79 S+ STM32E7xx HAL library initializat: Disassembly
B @ Project - STM32H747_.. + a0 - Systick timer is configured } 0x8100622: 0=490
mDoc a1 can eventually implement his 05100624 0O=x480
M Drivers 82 timer for example or other ti 0x8100626: O=68(
M Example 83 duration should be kept 1ms : 02100628 : 0=xf3c
iOutput 84 handled in milliseconds basis 0x810062c: 0=29(
85 - Set NVIC Group Priority to £ 0=R10062=: Omdil
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6. Start a debug session by clicking the Download and Debug button. The master and slave instances are
indicated in the main window as shown in Figure 29 above. The whole application can be run in several
different modes:

- Both cores run simultaneously.

- The cores run independently of each other if needed.

In both cases, the process can be stopped and started automatically as needed.

Each IDE instance displays the debug information for the respective cores. Each core windows display the
status of the available cores, and the information such as the respective core execution states. The core
toolbar is a complement to the core window. The toolbar is illustrated in Figure 30. When a break-point is set,
it is relative to one core only and when the break-point is triggered, that core is stopped.

Figure 30. Toolbar menu

@ Project - Slave - AR Embedded Workbench IDE - Arm 8.20.2

File Edit Wiew Project Debug Disassembly Ijet/JTAGjet Tools Window Help
iNNE@ = A& OC n<Q > %= B[ Q-=©0cO_:@Fo- M- 5 A
e —— — |

Cores

Core Status PC Cycles
[#] 0: Cortex-M4 Running - -
0 1: Cortex-h7 Stopped 0=08001E30 1223810374

Set focus on core O Start all cores

5
=
4
=
I3

Stop all cores

4.4 Access port switch

EWARM and I-jet™ offers the possibility of switching between the different access ports from the debug session to
memory visualization and other domain peripheral.
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Go to View — memory — memory1 (Figure 31).

Figure 31. View — Memory tab

Memaory 1 /""'_"‘-\

Goto | 0x20000000 v|

I~ 4

OR1ffffffl ——————n Emary S —
0x20000000 47583a3§ Memonyd = bedbedid
0x20000010 db3266 9 Memon1B AL Side2S4de
0x20000020 23094045 Memons2 f £196db63
0x20000030 398ba0] f Setbibdc
0x20000040 4127404 1 ca?lc7?hd
0x20000050 Zcacdsd 8 Sefebdds
0x20000060 223c020 f 4fc8bShY
0x20000070  81laf61by/AFe Memory 9 FEECTEEd
0x20000080  283cefofyeFd Memory 3 86dbE425
N=20000N9N Cfani1 gy = A9R7MNA49

i ol 2 e
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4.5 Embedded cross trigger (ECT) on EWARM

In this example, the CTl is configured to stop both cores simultaneously.

CM7 -project configuration

Configure the CM7-project and CM4-project by using the procedure Section 4.2.

Create a macro file (.mac) to configure the CTI for each core making sure the macro file must contain the
following steps:

1. Enable the CTI CMx

2. Connect CTITRIGINO (Halt) to one of CTM channels (Channel 0 in this example)

3. Connect CTITRIGOUTO (EDBGRQ) to CTM channel (Channel 0 in this example):

CTI Config()

{
writeMemory32 (0x1,0xe0043000, "Memory"); // Enable CTI CM4
writeMemory32 (0x1,0xe0043020,"Memory"); // // Enable TRIGINO (HALTED) to channelx
writeMemory32 (0x1, 0xe00430a0, “Memory”); // Enable channel0 to TRIGOUTO (EDBGRQ)

}

To run both cores simultaneously, the debugger must use the APPPULSE register in both CTls.

The debugger then generates a pulse on any of the four CTM channels.

To generate a stop request, generate a pulse on channel 0 by writing 0x01 to the APPULSE register in either
CTI. Example of the sample code is given here:

HaltBothCores ()

{
if( _ readMemory32 (0xe0043000, "Memory") == 1)

{
message "Run both cores using CTI M7 APPPulse on CHO.\n";

writeMemory32 (0x1,0xe004301C, "Memory"); // APPPulse on CHO
}

else
message "Error: CTI M7 is not enabled!\n";

}
4. And finally, execute the functions mentioned above using the routine below:

execUserExecutionStopped ()
{
CTI Config();
HaltBothCores ();
}
Go to Project — Options — Debugger — Setup — Setup macros and add the macro file created above by
checking Use macro files (Figure 32).
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Figure 32. Options — Debugger tab

Categary: [ Factory Settings

General Options

Static Analysis

Runtime Checking
C/C++ Compiler Setup | Download | Images | Exira Options | Mutticore | Plugins |
Aszembler
Output Converter Driver Run to

Custom Build [ST—LI MK - ] main
Build Actions

Linker Setup macros

Use macro file(s)
Simulator
CADI E]
CMSIS DAP
GDE Server E]

DT63228V1

To configure the CM4-project follow the same steps mentioned above for CM7_project.

Establish the connection with the STM32H7xxI-EVAL board then download the applications from Flash —
Download.

Start a debug session from Debug — Start/Stop Debug Session.
Both cores must run simultaneously.
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5 Using MDK-ARM

The latest version of MDK-ARM (Keil®) is available for download from the official web site of Arm® Keil®.

MDK-ARM (Keil®) is installed by default in the C:\Keil directory on the PC local hard disk; the installer creates a
start menu uVision® 5 shortcut.

5.1 Dual debugging on MDK-ARM

As described above, the STM32H7x5/x7 microcontrollers integrate a multi-core system consisting of Arm®
Cortex®-M7 and Cortex®-M4 processors as described in the introduction.

This asymmetric multi-core system requires additional features from the development tools, in particular the
debugger. These features are supported in MDK-ARM IDE from v4.14

5.2 Steps for dual debug with ST-LINK V2/V3

This section provides a step by step set of instructions to work with the STM32H7x5/x7 microcontrollers using
MDK-ARM v5.27.0.0 and ST-LINK V2/V3 debug probes.

Note: Dual debug is supported using MDK-ARM version v5.25 and later.
In this example, one project is created for each core.

To set up for a multicore debugging using an ST-LINK V2/V3. Install the latest STLINK server available on
www.st.com.
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Procedure for using MDK-ARM with the STM32H7x5/x7 microcontrollers with ST-LINK/V2 debug probe.

1. Starting with the CM7_project configuration:
a. Open MDK-ARM Keil® and create a new project.
b. Select the correct device from Project — Options for Target — Device (Figure 33).

Figure 33. Options for Target — Device tab

‘% STM32H747BITx 4]
4% STM32HT4TIG_CMT
A STM32HTATITx
A STM32HTATXGHx
2% STM32H74TXIHx
@ STM32HTATXHCM4
=l STM32HTATXIHie CMT
A STM32HTATZIVx
t STM32H750

c. Ensure the right memory area is selected from Project Options for Target —Target (Figure 34):
o CM7 Boot address 0: Flash at 0x08000000
° CM7 Boot address 1 : DTCM-RAM at 0x20000000.

Figure 34. Options for Target — Target tab

— Read/Only Memary Areas — Read\Write Memory Areas

default  off-chip Start Size Startup default off-chip Start Size Monit
~  romi: | | c || T Ramt | | r
[  ROM2: | | - [~ RAMZ: | | r
™ ROM3: | | s [T RAM3: | | r

an-chip an-chip

¥ IROMI: |{b:amumu I{bﬂDDﬂDI] 5 ¥ IRAMI: |m2muumu |{b:2'DDﬂD r
™ IROMZ: | | . W IRAMZ: |{br24-DDDDDD I{b:E-DDDD r

d. Select ST-LINK as a debugger from: Project — Options for Target — Debug (Figure 35).

Figure 35. Options for Target — Debug

| Linker Debug | uriies |
& Use: |ST-Link Debugger ~ seu.-.gsl

e. From debug settings (Figure 36):
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Figure 36. Debug settings

Debug |T|T:|ce | Fash Dowrload |

— Debug Adapter SW Device
Unit: [ST-LINK/VZ ~] \DCODE [ Device Name [ Move
V' Shareable ST-Link [localngs) SWDIO|  («6BA02477 ARM CoreSight SW-DP il
]7184 |
Serial Number: —
I s % Automatic Detection ID CODE: I
Version: HW: [V2 FW: [v2J3357 € Manual Configuration.  Device Name: |

[w Check version on start Add | Delete | Updatel IF ler I ( AP: Iﬂ
— Target Com
F‘ort:ISW 'I

Clock
’7F{eq:| 4 MHz Seleded:l 4 MHz

i —
< —Connect & Reset Opti Cache Optio

o ions ns ownload Options N
Connect: Iunder Reset vi Resat: IA.l_rtode‘tec:t vl |7|7 Cache Codx v Verify Code Download >

¥ Reset after Connect ¥ Stop after Resst ¥ Cache M ¥ Download to Flash

P>

i.  Enable the dual-core debug by checking the option Shareable ST-LINK.
ii. Select the Access Port: AP 0 for CM7.
iii. Select the downloads options from the same window.

. Verify code download: enabling this option stops the CPU after the currently executed
instruction .

. Download to Flash: download code to all memory area.
iv. Select the connection options:

. Normal: stops the CPU at the currently executed instruction after connecting.

. With pre-reset: applies a hardware reset before connecting to the device.

. Under Reset: holds the hardware reset signal active while connecting to the device.
v. Select the Reset options:

. Auto-detect: the system selects the best suitable reset method for the target device.

. HW RESET: performs a hardware reset by triggering a hardware reset signal.

. SYSRESETREQ: performs a software reset by setting the SYSRESETREQ bit. The Cortex-Mx
core and on-chip peripherals are reset.

. VECTRESET: performs a software reset by setting the VECTRESET bit. Only the core is reset.

f.  From the Flash Download window (Figure 37) select:
i. Download function: to set the Flash operations.

i. RAM for algorithm: defines the address space where programming algorithms are loaded and
executed. Usually, the address space is located in the on-chip RAM.

iii. Program algorithm: contains the definitions for programming Flash.
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Figure 37. Flash Download Tab

( RAM for Algorithm )
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STMIZH Fax_CM7 2M On-chip Flash 08000000H - 081FFFFFH

Start: 08000000 Size: [(D0200000

Add Remove |

DT63236V1

AN5286 - Rev 2 page 32/50



‘_ AN5286
,l Using MDK-ARM

2. CM4-configuration, follow the same steps mentioned above for CM7 and make the changes stated below:
a. Select the correct device from Project — Options for Target — Device (Figure 38).

Figure 38. Device selection

[t STM32H747EITx -]
m % STMIZHTATIG_CM7

m 4% STM32H747ITx

w4 STM3IZHTATXGHx

24 STM32H74TXIHx
IR STV22H747X0HC OV

] STMZ2HTATXIHkCMT
@48 STM3ZHT4TZIVR
t STM32H750

Kl | B

b. Make sure the right memory area is selected from Project — Options for Target — Target (Figure 39):

Figure 39. Options for Target — Target Tab

— Read/Only Memary Areas — ReadWrte Memory freas

default  off-chip Start Size Startup default  off-chip Start Size Molnit
~  ROMI: | | C I~ RAMI: | | r
™ ROM2: | | - I~ RAMZ: | | r
[~ ROM3: | | - I~ RAMZ: | | r

an-chip an-chip

¥ IROM1: [&8100000  [0:200000 5 ¥ IRAM1: [10000000  [(x20000 -
[ IROMZ: | | e ¥ IRAMZ: |{b-c241]D[bDDD I{bcEDD'DD r

° CM4 boot address 0: Flash memory at 0x08100000
° CM4 boot address 1: SRAM1 at 0x10000000.

c. From debug settings (Figure 40):
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Figure 40. Debug settings tab

Debug |TIECE! | Flash Download |

— Debug Adapter —SW Device
Unit: [ST-LINKAV2 -] \DCODE I [ Blavz
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~
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— Debug
Connect & Reset Options Cache Cptions Download Options
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° Enable the dual-core debug by checking the option Shareable ST-LINK.
° Select the Access Port: AP 3 for CM4.

d. From the Flash Download window (Figure 41) change the boot address to SRAM1 0x10000000.The
address 0x20000000 is not accessible by CM4.

Figure 41. Flash download tab

Debug I Trace Hash Download I

— Download Function RAM for Algorithm
LOAD " Erase Ful Chip [+ Program

Jg © EmseSectos [ Verdy Start: | (10000000 Size:|{b-cFFF4>

" DonotErase [~ Resetand Run

— Programming Algorithm

Description | Device Size | Device Type | Address Range |

STM3Z2H %o CM4 On-chip Flash 03100000H - 081FFFFFH
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Add Remove |

e. Build each project from Project — Build Target (Figure 42).
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Figure 42. Build the project
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Before downloading the projects, establish a connection with the STM32H7xxI-EVAL board as follows:
i. Power the Board up using an external power supply and ensure that the jumper(jp20) connect the PSU
pins.

ii. Connect the ST-LINK/V2-1 programming and debugging tool on the STM32H7xxI-EVAL Board. Plug
the USB cable to the CN23 ST-LINK/V2-1 USB connector of the board: LD12 lights up red when the
ST-Link is connected.

Figure 43 illustrates the board set up.

Figure 43. Hardware environment
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g. Download the applications from Flash —Download (Figure 44).

Figure 44. Download the application

File Edit View Project | Flash | Debug Peripherals To

LOAD

NE -l ﬂl 4 -4 ¥3 Download F&

LORD Erase

Configure Flash Tools...

h. Start a Debug session from Debug — Start/Stop Debug Session (Figure 45):

Figure 45. Start/Stop Debug Session
File Edit View Project Flash |Dehug Peripherals Tools SVCS  Window

|_‘] E g ﬁl & =3 gl @_ Start/Stop Debug Session Cirl+F5

Both cores are run individually or simultaneously from each of the GUI instances. Each instance of the IDE
displays debug information for the connected core (Figure 46).
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Figure 46. Debug session
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Note: Same steps described above for ST-LINK are applicable when using ULINK probe.
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5.3 Embedded cross trigger (ECT) on MDK-ARM

To configure the CM7-project and CM4-project follow the same steps mentioned in Section 5.2.

Create an initialization file from Project — Options for Target — Debug that contains the CTI configuration for
each core as shown in Figure 47.

Figure 47. Options for Target — Debug tab
Options for Target 'STM32H7471_EVAL_CM4' X

Device | Target | Output | Listing | User | C/C++ (ACE) | Asm | Linker Debug]lkﬁ:esl

(" Use Simulator ~ with restrictions Settings |

™ Limit Speed to Real-Time

@ Use: |ST-Link Debugger | Setings |

[V Load Application at Startup ¥ Runto main() [V Load Application at Startup ¥ Runto main()
Inttialization File: Initialization File:
| J Edi | [STM32H7_CM4_CM7_CTlini
Restore Debug Session Settings — Restore Debug Session Settings
[V Breakpoints [V Toolbox [V Breakpoints V¥ Toolbox
v Watch Windows & Performance Analyzer [V Watch Windows V¥ Tracepoints
¥ Memory Display [V System Viewer [¥ Memory Display [V System Viewer
CPU DLL: Parameter: Driver DLL: Parameter:
ISARMCMS.D LL I-REMAP -MPU ISARMCMB.DLL |—MPU
Dialog DLL: Parameter: Dialog DLL: Parameter:
IDCM.DLL I-pCM4 ITCM,DLL I-pCM4
[~ Wam if outdated Executable is loaded [~ Wam if outdated Executable is loaded

Manage Component Viewer Description Files ... ]

[ ok | Cancel Defauts | Help

The initialization file STM32H7_CM4_CM7_CTL.ini must be located at MDK-ARM project level.

Refer to the following link to understand how to create an MDK-ARM debugger script .ini files and understood the
syntax:

https://developer.arm.com/documentation/ka002991/latest
The file STM32H7_CM4_CM7_CTl.ini contains the following functions:
. Functions CTI_ConfigM4() and CTI_ConfigM7() for each core and allow to:
- Enable cross trigger inputs bit and set GLBEN in CTI_CONTROL.
- Enable and connect CTITRIGINO (HALTED) to one of CTM channels1.
- Enable and connect CTITRIGOUTO (EDBGRQ) to CTM channelO.
- Enable and connect CTITRIGOUT7 (DBGRESTART) to CTM channel1.

. Functions ClearFlags() used to perform a trigger acknowledge flags to all CTITRIGOUT into CTI_INTACK
register.

DT63251V1

To run and halt both cores simultaneously the debugger must use the APPPULSE register in either of the CTls.
This allows the debugger to generate a pulse on any of the four CTM channels. To generate a stop request,
create a pulse on channel 0 by writing 0x01 to the APPULSE register in either CTI.

. Functions RunBothCores() used to generate a trigger acknowledge and a pulse on APPPULSE on channel
2.

. Function HaltBothCores to generate a trigger acknowledge and a pulse on APPPULSE channel 0 and
channel 1.
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Note: FUNC void CTI ConfigM4 (void)
{
_WDWORD (0xe0043000,0x1) ; // CTI_M4 Enable
_WDWORD (0xe0043020,0x2) ; // Enable TRIGINO (HALTED) to channell
_WDWORD (0xe00430a0,0x1) ; // Enable channel(O to TRIGOUTO (EDBGRQ)
_WDWORD (0xe00430BC, 0x4) ; // Enable channell to TRIGOUT7 (DBGRESTART)

printf ("CTI M4 configuration is done!\n");

}

FUNC void CTI ConfigM7(void)

{

_WDWORD (0xe0043000,0x1) ; // CTI_M7 Enable

_WDWORD (0xe0043020,0x1) ; // Enable TRIGINO path (HALTED) to channel0
_WDWORD (0xe00430a0,0x2) ; // Enable channel(O to TRIGOUTO (EDBGRQ)
_WDWORD (0xe00430BC, 0x4) ; // Enable channell to TRIGOUT7 (DBGRESTART)

printf ("CTI M7 configuration is done!\n");

}

FUNC void ClearFlags (void)

{

if( _RDWORD (0xe0043000) == 1)

{

printf("Clear Flags.\n");

_WDWORD (0xe0043010,0xFF) ; // Trigger acknowledge clear high
__WDWORD (0xe0043010,0x00) ; // Trigger acknowledge clear low
}

else

printf("Error: CTI M7 or CTI M4 is not enabled!/\n");

}

FUNC void RunBothCores (void)

{

if( RDWORD (0xe0043000) == 1)

{

printf ("Run both cores using CTI APPPulse on CH2.\n");
__WDWORD (0xe0043010,0xFF) ; // Trigger acknowledge clear high
__WDWORD (0xe0043010,0x00) ; // Trigger acknowledge clear low
_WDWORD (0xe004301C,0x4) ; // APPPulse on CHZ2

}

else

printf("Error: CTI M7 or CTI M4 is not enabled!/\n");

}

FUNC void HaltBothCores (void)

{

if( _RDWORD (0xe0043000) == 1)

{

printf ("Halt both cores using CTI APPPulse on CHO & CH1.\n");
_WDWORD (0xe0043010,0xFF) ; // Trigger acknowledge clear high
__ WDWORD (0xe0043010,0x00) ; // Trigger acknowledge clear low
_ WDWORD (0xe004301C,0x3) ; // APPPulse on CHO and CHI

}

else

printf("Error: CTI M7 or CTI M4 is not enabled!/\n");

}

The following figure shows how are interconnected CTI internal signals between them:

AN5286 - Rev 2 page 39/50




‘_ AN5286
,l Using MDK-ARM

Figure 48. CTl internal connections

CTI buses
Cortex-M7 CTI Cortex-M4 CTI
CORTEX-M7 CORTEX-M4
CHO CHA1
HALTED] to TRIGINOQ] | =========f-m==== N HALTED] to TRIGINO]
EDBGRAQ [from TRIGOUTO] [«======--====-= P » | EDBGRQ [from TRIGOUTO]
DBGRESTART [from TRIGOUT7] CH2 DBGRESTART [from TRIGOUT7]
APPPULSE R
CLR INTACK £

SYSTEM CTI REGISTERS

Finally, at the end of STM32H7_CM4_CM7_CTlL.ini, add the code below to define graphical buttons to configure
CTI for both cores, run and halt both cores to the MDK-ARM toolbar menu.

DEFINE BUTTON "Configure CTI M4", "CTI ConfigM4 ()"
DEFINE BUTTON "Configure CTI M7", "CTI ConfigM7()"
DEFINE BUTTON "Halt Both Cores", "HaltBothCores()"
DEFINE BUTTON "Run Both Cores", "RunBothCores()"
DEFINE BUTTON "ClearFlags", "ClearFlags()"

To configure the CM4-project, follow the same steps mentioned above for CM7_project:

1. Download the applications from Flash — Download.

2. Start a Debug session from Debug — Start/Stop Debug Session.

3. From the debug session, the following Toolbox window opens and displays the dedicated button and Ul.

Figure 49. Debug session — Toolbox

Toolbox X

Update Windows I
1 Configure CTI M4

2 Configure CTI M7

3 Halt Both Cores

4 Run Both Cores

5 ClearFags

DT74363V1
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6 Using the STM32 system workbench

The latest version of system workbench for STM32 products (SW4STM32) is available to download from the
official AC6 web site www.openstm32.org.

When creating a new project, both cores are included in a single project. A set of sources are dedicated to the
CM4, another to the CM7 and where needed the user adds common sources built for both cores. The build
generates two binaries, one for each core as shown in Figure 50.

Figure 50. Multicore project

S workspaceSTM32H7 - C/C++ - Eclipse = Eem==|
File Edit Source Refactor Mavigate Search Project Run  Window Help
D-ERI ®-R-Bid-&-E-@-i%-0-%¢-Q-doS/-BHEN QB -H-CE-o-

Quick Access

Jm @

[7 Project Explorer 52 = 0 = B8 gox ™ = O

<}-=4>| A C
4 |E STM32H7471-DISCO| An outline is not available.

& [ap) Includes
a4 2 CM7

b [ inc

[ = src

[ (= startup
a4 (= Ch4

b inc

b = sre

[ (= startup

[i LinkerSeript_ Chd.Id

[ LinkerScript_CMT7.1d

[%] STM32HT4TI-DISCO.xml

- Problems +=| Tasks onsole | Properties &
[# Problems 52 Tasks B Console [T] Properti ]

0 items

Description ’ Resource Path Location Type

L]
~

@ = STM32HT4TIDISCO Y

6.1 Dual debugging on SW4STM32
System workbench for STM32 products offers the possibility to simultaneously debug two or more identical cores
using either the symmetric multicore processing (SMP), or two cores with different architectures also known as
asymmetric multicore processing (AMP). The debug is done either by using the same project for the multicore
case (one board for X cores) or separate projects for different core configurations, each core/project using the
shareable ST-Link to address each target.
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6.2 Steps for dual debug with ST-LINK V2/V3

This section provides step by step instructions to the STM32H7x5/x7 microcontrollers debug using SW4STM32
v2.9.0 and ST-LINK as a debug probe.

For this example, one project is created for both cores:
1. Open the STM32 system workbench and create one project for both cores.
2. Two binaries are generated by the compiler (Figure 51).

Figure 51. Multicore project: two binaries

& workspaceSTM32HT - C/C++ - Eclipse
File Edit Scurce Refactor Mavigate Search Proj

N-HR ®-|R-Bid-e5~ -

[ Project Explorer 2 <~1=’=':>-| C
4 (5 STM32HT7471-DISCO
4 ﬁ': Binaries

b %5 STM32H7471-DISCO_CM4.elf - [arm/le]
b % STM32H7471-DISCO_CM7 elf - [arm/le]
i ! Includes
B2 CM7
[» = Debug_CM4
i = Debug_CM7
[ = Ch4
LinkerScript_Ch4.1d
T LinkerScript_CM7.1d
STM32HT471-DISCO Debug_CM7.cfg
2| STM32H7471-DISCO_Debug.hex
¥ STM32H7471-DISCO.xml

=

[=
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3. Go to Run — Debug Configurations and double-click on Ac6 STM32 Debugging to create a new debug
configuration (Figure 52):

Figure 52. Multicore project: debug configuration

W

Create, ge, and run figurati
CEX|B3- Mame:  STM32H7471-DISCO Debug_CM7
|typef\|ter tet | Main ﬁ& Debuggea 3 Startup} E.y Source} B Qommorq

4 & Ac6 STM32 Debugging

[ STM32H7471-DISCO Debug
[ C/Co+ Application Debug CM7/STM32HT4TI-DISCO_CMT.elf [Search Project...| | Browse.. |
[£] C/C++ Attach to Application CfC++ Application:
% g,g: :::r;:r:r:‘i:::w Debug_CM4/STMIZHT4TI-DISCO_CMA4.lf | search Project..| | Browse.. |
[] GDB Hardware Debugging Project:
@ Launch Group
& ST's STM32 MPU Debugging

C/C++ Application:

STM32HT7471-DISCO Browse...

Build (if required) before launching

Build Cenfiguration: |Select A ically v]

(©) Enable auto build (0 Disable auto build

@ Use workspace settings Configure Workspace Settings...

4 13 |

Filter matched 9 of @ items

@ l Debug I l Close ]

Revert | ‘ Apply |

a. Ensure both C/C++ Application fields are filled in.

b. Click the button to debug one or several cores at the same time.
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4. Launch a debug session by clicking the Debug button in the Debug Configuration dialog box.
In this example, both cores are launched at the same time and stop or break at the “main” instruction
(Figure 53).

Figure 53. Multicore project: debug session

£ workspaceSTM32H7 - Debug - STM32H7471-DISCO/CM7/sre/main.c - Eclipse =R
File Edit Source Refactor MNavigate Search Project Run Window Help
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® main(void) : int
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E
4
5 for(5i);
]
7
4 r
B Console 23 JZ Tasks [2] Problems Executables B3 Debugger Console  [J Memory m X N| =Y Eﬁ = ‘ #E-8-= 8

Info : Device: STM32H7:: 2M
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=
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Break points are applied to both cores so they run either individually or simultaneously using the cross trigger
interface (CTI). By default the CTI is not configured, therefore no core is able to break the other.

6.3 Embedded cross trigger (ECT) on SW4STM32
By default and as stated in Section 6.2, the CTl is not activated.

To configure the CTI and stop both cores simultaneously, open the debug configuration that has already been
created. In the debugger tab, go to the break cross-trigger matrix and select how the core breaks are configured,
one breaks the other or both break at the same time. In the current configuration (Figure 54), both cores break at
the “main” instruction which means when one core breaks the other breaks simultaneously.

The CTI can be changed on the fly by clicking on Configure the BCTM button (Figure 54).
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Figure 54. Multicore project: BCTM button

< waorkspaceSTM32HT - Debug - STM32H7471-DISCO/CMT/src/main.c - Eclipse
File Edit 5Scurce Refactor Mavigate Search Project Bun Window Help
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4 (12 STM32H7471-DISCO_CM4 elf
a4 ot Thread #1 (Suspended : Breakpoint)
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A new dialog box opens (Figure 55). It is possible to store the new BCTM configuration in the associated debug

configuration.
Figure 55. Multicore project: BCTM dialog
= o (B[S
Break Cross Trigger Matrix Configuration o
Select the cores that may stop another core,

[V]icore CMT breaks core Ch4:
core Ch4 breaks core CMT

‘re this configuration in your debug confi@
\

@ [ ok |[ Concel
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