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Introduction

This application note covers the use of Segger Ozone debugger and J-Link probe to debug a project using
a program file generated using Arm Development Studio or Keil MDK. The blinky project provided as
part of the Alif CMSIS pack is used to demonstrate how to initiate a debug session.

Prerequisites
Before proceeding it is recommended that you are familiar with the Alif Development Kit Quick Start
Guide and the Alif Security Toolkit Quick Start Guide.

Software and packages used in this guide
e Linux/Windows 10
e Arm Keil uVision5 MDK V5.36.0.0
e Arm Development Studio V2021.2
e Segger Ozone (3.26f)
e Segger J-Link (version 7.64d)
e Segger Configuration (version 7.64d)
e Alif SETOOLS (version 0.46)
e Alif Ensemble CMSIS package (version 0.2.0)

Devices used
e Alif A1 Development Kit (CPU board + base board)
e Segger J-Link Ultra + (version 5.1) & J-Link Base (version 11.0)
e DSD TECH SH-U09C2 FTDI adapter to connect to SE-UART

Installing Ozone and J-Link

About Ozone

Ozone is a full-featured graphical debugger for embedded applications. With Ozone it is possible to
debug any embedded application on C/C++ source and assembly level. Ozone can load applications built
with any tool chain / IDE or debug the target's resident application without any source. Ozone includes
all well-known debug controls and information windows and makes use of the best performance of J-
Link and J-Trace debug probes. The user interface is designed to be used intuitively and is fully
configurable. All windows can be moved, re-sized, and docked to fit the need of any developer.

About J-link

J-Link debug probes are the most popular choice for optimizing the debugging and flash programming
experience. Benefit from record-breaking flash loaders, up to 3 MiB/s RAM download speed, and the
ability to set an unlimited number of breakpoints in the flash memory of MCUs.

Installing Ozone
Ozone supports both Windows and Linux machines and is available for download at the downloads
section of the Segger web pages https://www.segger.com/downloads/jlink/#0zone
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Once downloaded, follow the instructions to install Ozone in the Getting Started section of the Ozone
User Guide and Reference Manual.

Installing J-link

J-Link supports both Windows and Linux machines and is available for download at the downloads
section of the Segger web pages https://www.segger.com/downloads/jlink/

Once downloaded, follow the instructions to install J-link in the Setup section of the J-Link / J-Trace User
Guide

Connecting the J-Link probe

Connect the J-Link probe to the JTAG interface on the Alif CPU board using the 19 PIN connector. The

other end of the cable is connected to the J-Link probe. The probe is connected to your machine using
the USB cable. Once the probe is connected you should see two green lights lit up on the probe if you

have a J-Link Ultra and one green light if you have a J-Link Base.

Configuring the J-Link probe

To ensure that the J-Link probe can be properly identified, configure the probe using the J-Link
Configurator. With the J-Link connected, open the J-Link Configurator tool and the tools should
recognize and display the connected probe. If the probe firmware is recognized as an old version then
select the probe and update the firmware.

ﬂSEGGER J-Link Configuration V7.64d - ul X
File Options Help

Auto refresh (On)
Connected via USB:

# Product Nickname SN USB Identification Host Firmware Probe/ Programmer Firmware

J-Link ULTRA+ V5,10 505102005 SN 505102005 2022 May 2 09:00 2021 Nov 2 16:06 (Old)

Select all Select none
Connected via TCP/IP:
# Product Nickname SN IP Address MAC Address Host Firmware Probe/ Programmer Firmware Reacy

< >
Select all Select none

SEGGER J-Link Configuration V7.64d
Logging started @ 2022-85-89 08:35

Update firmware of selected probes and programmers Close

Ready 1 probe/ programmer found
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B SEGGER J-Link Configuration V7.64d - o x
File Options Help
Auto refresh (On)
Connected via USB:
# Product Nickname SN USB Identification Host Firmware Probe/ Programmer Firmware
Mo J-Link ULTRA+ V5.10 505102005 SN 505102005 2022 May 2 09:00 2022 May 2 09:00
Select all Select none
Connected via TCP/IP:
# Product Nickname SN IP Address MAC Address Host Firmware Prabe/ Programmer Firmware React
< >
Select all Select none
Log:
SEGGER J-Link Configuration V7.64d
Logging started @ 2022-85-89 ©8:35
No prebes/ programmers to update.Updating firmware of probe/ programmer 1 of 1 via USB (SN: 505102@@5)...Updated successfully, probe/ programmer firmware was older tha
< >
Update firmware of selected probes and programmers Close
Ready 1 probef programmer found

Preparing stubs for the M55 HE CPU core

The Blinky examples provided in the Alif CMSIS Ensemble package are designed to run on the M55_HE
CPU core. Debug stubs may be needed to be running on the M55 _HE CPU core in order for the J-Link to
be able to initiate a debug session. If the stubs are not in place the J-Link may not be able to connect to
the core to initiate a debugger session.

TIP: if you have previously been running other application SW, the contents of the application MRAM
can be erased to avoid any issues. Use command: Python app-write-mram.py -e APP

To run the SETOOLS commands, open a command terminal session.

Run the following SETOOL commands:
e Python app-gen-toc.py -f build/config/app-cpu-stubs.json (generates the Application TOC)
e Python app-write-mram.py -r (writes the Application TOC to MRAM)

To verify the stubs are in place, you can either:
e Using the SETOOLS, run the maintenance.py script and choose option 5 — get TOC info which will
show the stubs listed as loaded and booted on the relevant CPUs.
e Connect to SE-UART terminal session and reset the device. You should now see the stubs for the
M55 cores listed as loaded and booted in the terminal session output.
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T COMS - Tera Term VT -
File Edit Setup Contrel Window Help

{*y“Bre*

ES A1 EUALUATION Tll’)ﬂRl’l RELEASE vB.45.8 Apr» 1 2022 19:87:54
E“ Device ID Al

PLL code uer;lon B.8.4

LCS=1

Systerl partition address BxBBA538008

ing Data: @xBBCOIFTD

ysten partition processed (uxuuuuuuuu; BL_STATUS_OK

Application partition proces

FG:Rgn - 7:1 732 7:3 7:d 7:5 8
PnuLuL.t.stl are

Ax88580008 — BxBOSFFFFF

Bx080AARES
i Bx08020AE8
Bx8085C1 EEB Bx885C14E@
i —————————— | BxBA5CZ1B8 I
885 7E408 Bx8857DAAA
Bx8857F6DB Bx8857ECDA Bx6B8000006 | Bx6BBEAPEA

+ == m—————

egend: Cw(Clompressed.<{Lroaded.<VUlerified.(s>kipped verification.<(Brooted.(E)ncrypted.<Dleferred

[SES] CMB+ frequency is 180 MHz
[SES] os Kernel U1@.4.2
[SES]1 Main Task — looping forever...

Building the Blinky Program file

To be able to debug using Ozone you will need an ELF file which contains the executable binaries and
the debug symbols. The ELF file can be generated using Arm Development Studio or Keil MDK.

To generate an ELF file using Arm Development Studio, follow the instructions in the “Getting Started
with Bare Metal Design using Arm DS” document to compile and build the Blinky project which is part of
the Alif Ensemble CMSIS Pack. Once the Blinky project has been built, the ELF file can be found under
the debug folder of the project in the Development Studio Workspace folder. The format of the ELF file
generated by Arm DS is .axf.

To generate an ELF file using Keil MDK, refer to the Keil MDK web site for instructions on how to set up
and build a project using Keil MDK. The ELF file will be created under the objects folder of the project in
the MDK workspace. The format of the ELF file is .axf.
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Debugging Blinky using Ozone and J-Link

Start the Ozone application and the new project wizard starts automatically. Click on the Device field to
open and select the E7 M55-HE CPU as the target device.

Target Device

Choose a Target Device
Device
AET22F80F55D5_HE
Register Set
|Cortex-MSS (with FPU)
Peripherals (optional)

xCancel < Back [oNext>|

The M55_HE target device can be easily found by selecting AlifSemiconductor in the manufacturer
column and selecting AE722F86F55D5_HE in the device column.

’Target Device Settings X
Selected Device: AE722F80F55D5_HE Little Endian - Core #0 -
Manufactrer Device Core NumCores Flash Size RAM Size ™
AlifSemiconductorl {Filter Filter [Filter [Filter |
LSS ST T e C T T o TS i S fCais s
AlifSemiconductor | AC512F4993562_A32 Cortex-A32 1 - 64 KB
AlifSemiconductor  AE512F80957D2_HE Cortex-M55 1 5888 KB 64 KB
AlifSemiconductor | AE512F80957D2_HP Cortex-M55 1 5888 KB 64 KB
AlifSemiconductor  AE512F80957D2_A32 Cortex-A32 1 - 64 KB
AlifSemiconductor  AES12F8095782_HE Cortex-M55 11 5888 KB 64 KB
AlifSemiconductor | AE512F8095782_HP Cortex-M55 1 5888 KB 64 KB
AlifSemiconductor  AE512F8095782 A32 Cortex-A32 1 - 64 KB
AlifSemiconductor | AC722F8AF2282_HE Cortex-M55 1 2304 KB 64 KB
AlifSemiconductor  AC722F8AF2282_HP Cortex-M55 1 2304 KB 64 KB
AlifSemiconductor  AC722F8AF2282_A32 Cortex-A32 1 - 64 KB
AlifSemiconductor | AC722F8AF2282_A32_1 Cortex-A32 1 - 64 kB
AlifSemiconductor  AC722F86F3282_HE Cortex-M55 1 3328 KB 64 KB
AlifSemiconductor  AC722F86F3282_HP Cortex-M55 It 3328 KB 64 KB
AlifSemiconductor  AC722F86F3282_A32_0 Cortex-A32 1 E 64 KkB
AlifSemiconductor  AC722F86F3282_A32_1 Cortex-A32 1 - 64 KB
AlifSemiconductor  AE722FB0FS55D5_HE Cortex-M55 1 5.5 MB 64 KB
AlifSemiconductor | AE722F80F55D5_HP Cortex-M55 1 5.5 MB 64 KB
AlifSemiconductor  AE722F80F55D5_A32_0 Cortex-A32 It - 64 KB

AlifSemiconductor AE722FB0F55D5_A32 1 Cortex-A32 1 64 KB v
oK Cancel

Ozone automatically selects Cortex-M55 (with FPU) register set which is the correct selection for the
M55 core.

The Peripherals field can be left blank. Select Next to move to the Connection settings.

With the probe connected it should be identified and the fields automatically filled as follows.
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# New Project Wizard

Connection Settings
Choose a Target and Host Interface

Target Interface Target Interface Speed
ITAG - 4 MHz

Host Interface Serial No (optional)
UsB | |

2 Emulators connected via USB

Product Nickname Serial No
/SEGGER 1... 505102005

Segger Ozone and J-Link Debug

Click next to choose the program file. The axf file for the Blinky project can be found in the Arm DS
workspace under the debug folder of the Blinky example project or in the MDK workspace under the

objects folder of the Blinky example project.

/ New Project Wizard X

Program File
Choose the Program to be debugged

ELF, Motorola S-record, Intel Hex, or Binary file (optional)
'Blinky_M55_HE_TCM (Devkit-e7 board)_Target_1.axf ...

< Back Next > Cancel
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Selecting Next takes you to the optional settings. For ELF files generated by Arm DS or Keil MDK, change
the default settings for the Initial PC to “Read from Base Address Vector Table” .

Note, failing to select the correct settings may result in a hard fault when the debug session is initiated.

Press Finish to complete the set up.

/

Optional Settings
Set optional project settings, such as the initial PC

Initial PC (after download and reset)

() ELF Entry Paint

(®) Read from Base Address Vector Table
() Read from Location

O Location

O Do not set

Initial Stack Pointer
(®) Read from Base Address Vector Table
() Read from Location

O Location

O Do not set
JLink Script File

Jink Log File

Application Note Preliminary Information
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Once the setup is complete the debug session is initiated.

Segger Ozone and J-Link Debug

File View Find Debug Tools Window Help

Functions « /LED_blink_baremetal ¢ - Disassembly
Name - dress Size Insts Source i <r_sys_exit main
| __decompresso B7FC 60 23 handlers.s 50 {

" tplib_config_fpu_vip 1608 68  Zhandierss error_uninitialize:
| _Isusessemihosting 0882 2 lhandlerss SysTick Confi¢
| “main 078 8  Zhandlers.s retl = ptrorv->Uninitialize (led dsl); 00001672 M
| _NviC_ClearPendingIRQ(enum IRQn) @  3core_cmSSh ret2 = ptrorv->Uninitialize (led ds2); gggg:g;ﬁ :E
| _NVIC_DisableIRQ{enum IRQn) ] 4 core_cm55.h . 00DO16TE LI
| _nvic_EnablelRQ(enum IRQn) @ 9core_cmSS.h if ((retl !? ARM_DRIVER OK)_ I {retZ !? ARM _DRIVER O0K)) { 20001686 M
| NvIC GetPriority(enum IRQn) @ 9core_cmSS.h i 912;12”‘ Failed to Un-initialize \n"); Saoeicei: il
| _NVIC_SetPriority(enum IRQn, unsigne @ 1lcore_cmSSh . ; i

- T printf(“Un-initialized \n"); \$0??3.??§s _Mf
| _rt_entry i 0864 4 1handlers.s } 0000168C Al

__rt_entry_main 0868 12  2handlerss 00001690 M
| rt_exit 8874 2 lhandlerss /* Define main entry point. */ 00001692  CF
| rt_exit_exit 0874 6  Zhandlerss int main (void) <-eBARRIER Rl

_rtexitls 8876 4  lhandlerss { Registers 1 (CPU) -
| I 0854 2 1lhandlerss /* Configure Systick for each millisec */ Name Value Descripti

ansole

sabled output of control characters
SEGGER Ozone - The J-Link Debugger V3.26f
J-Link software found at:
File.NewProjectWizard();

080800880
60000064
60000008
0080088

Memory 1 @ 0000000

|Target core support plugin loaded.: /home/neil/opt/SEGGER/opt/SEGGER/0zone V326f/Plugins/Core/CorePluginARM. so
Project.SetDevice ("AE722FBOF55D5 HE");

060800010
60000014

Project.SetHostIF ("USB", "505102005"); 80000018
Project.SetTargetIF ("JTAl 08080001C
Project.SetTIFSpeed ("4 MHz"); 00000020
Project.AddSvdFile ("$(InstallDir)/Config/CPU/Cortex-M55F,.svd"); 00000824
File path resolved: "$(InstallDir)/Config/CPU/Cortex-M55F.svd" was found at “/home/neil/opt/SEGGER/opt/SEGGER/Ozone V326f/Config/CPU/Cortex-M55F.svd" @00A0O28
[File.Open ("/home/neil/developmentstudio-workspace/Blinky M55 HE TCM (Devkit-e7 board) Target 1/Debug/Blinky M55 HE TCM (Devkit-e7 board) Target 1.ax' 8008002C
[File.Open: completed in 124 ms 00600030
|Program segments: 00000034
Address Size Code RO Data RW Data ZI Data Flg 00000038
== 0008063C

RWE 00680840

== 080800844

00080848

- B908084C

080800050

Next, start the debug session from the debug menu. Choose the “Download & Reset Program” option to
download the Blinky program and reset.

= Download & Reset grogram I
» Attach to Running Program
= Attach & Halt Program

The debug session start-up completes and jumps to main.

From here it is possible to stop, resume the program, set breakpoints, or step through the code.

Eile View Find Debug Tools Window Help
e kATt
Functions +/LED_blink_baremetal.c Disassembly -
Name - dress Size#Insts Source i + < main main i
__decompress 07FC 68 23handlerss 166 printf({"Failed to Un-initialize \n"); R
__fplib_config_fpu_vip 1608 68 2 handlets.s 167 } else { =» 00001670  PUSH
__ISuse$semihosting 0882 2 lhandlers.s 168 printf(“Un-initialized \n"); SysTick Config(Syste|
__main 070 8  2handlers.s 169 00001672 MOVW
L NVIC_ClearPendingIRQ(enum IRQn) ®  3core_ems5h 1704} —eallIOR1E70 MOV,
__NVIC_DisablelRQ{enum IRQn) 8@ dcore_cm55h 171 Registers 1 (CPU)
T NVIC_EnablelRQenum IRQN) o 9 core_emS5.h 172 {* Define main entry point. */ Name Value Description
" NVIC_ GetPriority(enum IRGn) 8 Jcore cmS5h ﬁgj int main {void) 4= CPI663 RCPU Registers
_7NV\C7$EIPrmmy(enumIRQn‘unsignsnees 2 1icureicm55‘h s 7% Configure Systick for each WLllisec */
r_entry handlers.s s
r_entry_li 0864 4  lhanderss Ll =yaTiclelontial3y=tentorsClock/88e):s
entry_main 0368 12  2handlerss 7EE  led blink appl);
8874 2 lhandlerss 1794 return 0;
087A 6  2handlers.s 180 }
0876 4 1handiers.s 181
o ] T S s i, .
Memary 1 @ 00000000
: EOBO2000 CID B105900D PID 00OBBD22 DEVARCH 47701A83 DEVTYPE 00 FPB “0ooooeed [0 o0 04 20 ..
: EQBO0OO CID B10S90OD PID DOOBBD22 DEVARCH 47701A81 DEVTYPE 43 ITM 00800064 21 14 B0 00 !..
: EO041000 CID Bl05900D PID 001BBD22 DEVARCH 47754A13 DEVTYPE 13 ETM 00000008 41 09 0@ 00 A...
: EODO3000 CID B105966D PID 0OOBBD22 DEVARCH 47700A06G DEVTYPE 16 2?27 0060006C 81 13 B0 B ...
: EQD42000 CID B165900D PID 00OBBD22 DEVARCH 47701A14 DEVTYPE 14 CSS600-CTI 00000010 41 ©9 0O 08 A...
[Connected to target device. 00000014 41 €9 00 00 A...
Reset: ARMvBM core with Security Extension enabled detected. 00800018 41 89 68 60 A...
Reset: Halt core after reset via DEWCR.VC CORERESET. 0080001C 41 09 08 00 A...
Reset: Reset device via AIRCR.SYSRESETREQ 00600628 00 B0 BO B0 ...
E1f.GetBaseaddr(); // returns 0x@ 00000024 ©0 60 08 00 ....
[Target.ReadU32 (0x00000000); // returns @x4, data 1s ©x20040000 1 00000028 00 60 00 00 ....
Target.SetReg ("SP", ©x20048068); ) 6000002 41 89 B8O 00 A. .
ELf.GetEntryPointPC(); // returns 0x1420 00000030 41 €9 0@ 00 A...
Target.SetReg ("PC*, 0x1420); 00800034 0@ B8 BO 0O ...
Elf.GetBaseAddr(); // returns 0x@ 00000038 41 09 00 0@ A...
[Target.ReadU32 (0x00000000); // returns Ox4, data 15 ©x20040000 00000O3C 41 14 00 00 A...
Target.SetReg ("SP", ©x20848068); 00000040 41 89 60 00 A...
ELf.GetEntryPointPC(); // returns 0x1420 00000044 41 09 08 00 A...
Target.SetReg ("PC", 8x1420); 00860048 41 69 B8 09 A...
[Startup complete (PC=0x00801670) 0000004C 41 09 00 0O A...
- .* 00000050 41 69 08 00 A...
00000854 41 ©9 00 00 A... E
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Pressing resume, the Blinky program executes and you should see the lights blinking on the base board.
Controls can be used to halt and exit the debug session or to perform many other debug procedures.
Refer to the Ozone User Guide and Reference Manual for details on the supported debug features and
controls.

Eile View Find Debug Tools Window Help

Functions - LED_blink_baremetal.c - Disassembly
Name - dress Size¥Insts Source Tl - ‘main «  main
__decompress0 @7FC 60 23 handlers.s printf(“Failed to Un-initialize \n"); RS
__fplib_config_fpu_vip 16D8 68  2handlers.s } else { 06001678  PUSH
__I3use$semihosting @882 2 lhanderss printf(“Un-initialized \n"}; SysTick Config(Systef
_main 07¢0 8 2handerss sl
__NVIC_ClearPendingIRQ{enum IRQn) ©  3core_emSS5h } 2 oHBE1676_WIVW
NVIC_DisablelRQ(enum IRQR) ©  dcore_cmS5h . ¢ ) Registers 1 (CPU)
__NVIC_EnablelRQ(enum IRQn) ®  9core_cmS5.h /* Define main entry point. */ Name Valle Description
-__NVIC_GetPriority(enum IRQn) ©  9core_oms5.h int main (void) 1-CPI663 RCPU Registers
—:VEIS‘??[P”WW(E”“m‘RQ”' unstgnfosﬁa g 1} :Darnz—‘::s:'h /* Configure Systick for each millisec */
e o e C SysTick Config(SystemCoreClock/1680) ;

__rt_entry_main 0868 12 2handlerss 178+ led blink app():
__t_exit @874 2 1handlers.s 179 return @;
__nt_exit_exit 087A 6 2 handlers.s 180 3}
_riexitls 0876 4  1handlerss 181
g o O = T !
Console ¥ Memary 1 @ 00000000
[0][3]: E0OOBEED CID B105908D PID 60GBBD22 DEVARCH 47701A81 DEVTYPE 43 ITM 00000000 [0 00 04 20 ...
[0][5]: E©@41000 CID B105900D PID OD1BBD22 DEVARCH 47754A13 DEVTYPE 13 ETM 00000004 21 14 @6 00 ...
[6][6]: EPAO30A0 CID B105980D PID GDEBBD22 DEVARCH 47760A86 DEVTYPE 16 777 60000008 41 09 00 00 A...
(0] [7]: EB042000 CID B105906D PID ©0OBBD22 DEVARCH 477€1A14 DEVTYPE 14 (SS600-CTI 0000000C 81 13 00 00 ....
Connected to target device. 60000010 41 09 66 B8 A
Reset: ARMv8BM core with Security Extension enabled detected. 00000014 41 09 00 00 A
Reset: Halt core after reset wia DEMCR.VC CORERESET. 00000018 41 09 06 00 A..
Reset: Reset device via AIRCR.SYSRESETREQ. 6000001C 41 09 00 B0 A...
ELf.GetBaseAddr(); // returns @xg 08000020 00 00 00 0O ...,
[Target .ReadU32 (0x00000000); // returns Ox4, data is 0x20040000 60000024 00 00 00 00 ...
ITarget.SetReg ("SP", ©x20040000); 00000028 00 00 00 00 ....
ELf.GetEntryPointPC(); // returns ©x1420 06000002C 41 09 06 00 A..
[Target.SetReg ("PC", 0x1420); 00000030 41 09 00 00 A
ELf.GetBaseAddr(); // returns oxe 60000034 00 00 00 00 .
[Target .ReadU32 (0x00000000); // returns Ox4, data is 0x20040000 1 00000038 41 09 06 08 A
ITarget.SetReg ("SP", ©x20040000); 0000003C 41 14 00 00 A...
ELT.GetEntryPointPC(); // returns ex1420 00000040 41 09 00 00 A..
Target.SetReg ("PC", 0x1420); 00000044 41 09 00 00 A..
Startup complete (P(=0x00001670) 00000048 41 09 00 00 A...
Debug. Continue(); 6000004C 41 09 00 00 A..
. .” 00000050 41 09 00 00 A...

00000054 41 09 00 00 A..

Adding Segger Ozone and J-Link debug capability to your system gives you a debug platform
independent of the design creation environment that can support debug of Cortex-M55 designs
targeting the Alif Ensemble Processors created either in Arm DS or Keil MDK.

For further information and tools support downloads for Alif Ensemble processors, visit the Ensemble
family web page at www.alifsemi.com/ensemble .
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Version Change Log

1.0 Initial web release supporting Beta Ensemble Development Kit
1.01 Updated to Ozone 3.26f which adds an SVD-file for Cortex-M55
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