, life.augmented User manu al

Firmware plugin for STSW-ESCO001V1 board with ST Motor
Control FOC SDK

Introduction
The STSW-ESCO001V1 firmware package for the STEVAL-ESC001V1 board includes the application
code to support the electronic speed controller (ESC).

It embeds a sensorless FOC algorithm with speed regulation and an active braking function. It also
performs a PWM detection routine capable of accepting command signals from external units for driving
flight control boards (FCU) or equivalent.

In case of stalling, a dedicated function manages motor restart. For safety reasons, the ESC implements
the arming/disarming feature.
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Getting started

Hardware overview

The STEVAL-ESCO001V1 evaluation board is based on the STM32F303 microcontroller,
L6398 driver and STL160NS3LLH7 power MOSFETS. It is an electronic speed controller
(ESC) designed to drive a single three phase brushless motor (BLDC/PMSM), performing a
sensorless FOC algorithm with speed regulation and active braking function. This unit can
accept commands from an external unit for driving and monitoring a flight control board, for
instance. For this purpose, several communication bus interfaces (UART, CAN, I2C) are
available.

The board includes a BEC 5 V circuit and embeds an overcurrent/overvoltage and thermal
protection circuit. Its form factor renders it suitable for small and light R/C vehicles and its
motor current capability meets the power requirements of larger vehicles like professional
drones.

The STM32F303 microcontroller powering the digital section is an ARM®Cortex®-M4 32-
bit RISC core with FPU operating at a frequency of up to 72 MHz, and embedded floating
point unit (FPU) and memory protection unit (MPU). It has high-speed embedded
memories with 128 Kbytes of Flash and 32 Kbytes of SRAM and an extensive range of
enhanced I/Os and peripherals connected to two APB buses. The devices offer up to four
fast 12-bit ADCs (5 Msps), seven comparators, four operational amplifiers, up to two DAC
channels, a low-power RTC, up to five general-purpose 16-bit timers, one general-purpose
32-bit timer and two timers for motor control. They also feature standard and advanced
communication interfaces: up to two 12Cs, up to three SPIs, three USARTS, up to two
UARTSs, CAN and USB. A dedicated port is included for microcontroller programming.

The power section is based on STL160NS3LLH7 Power MOSFETs and the L6398 driver.
The STL160NS3LLH7 exhibits low on-state resistance and capacitance for improved
conduction and switching performance (very low on-resistance, very low Qg, high
avalanche ruggedness and embedded Schottky diode)

The L6398 is a high voltage device manufactured with the BCD™ "offline" technology. It is
a single-chip half bridge gate driver for N-channel power MOSFETSs or IGBTs. The high-
side (floating) section is designed to withstand a voltage rail up to 600 V. The logic inputs
are CMOS/TTL compatible down to 3.3 V for easy microcontroller/DSP interfacing.

3
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Figure 1: STEVAL-ESCO001V1 evaluation board
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111 STEVAL-ESC001V1 architecture

The STEVAL-ESCO001V1 power and control platform is based on the ST componentry
illustrated below.

Figure 2: STEVAL-ESC001V1 block diagram

5V ¢um

. SMBJ26A
4 |ipo battery mmmp

l Transil
STM32F303CB STL160NS3LLH7
) Microcertroller I R (x6)
UART/I12C " Gate driver
(48 pin LQFP) 30V Power Mosfets
PWM

TSV991ILT
(x3)

Opamp for
current sensing

1.2 Installing the software

Visit www.st.com to download and install:

1. STSW-STM32100: STM32 PMSM FOC Software Development Kit v4.3 (STSW-

STM32100) with the MC FW library, the Motor Control Workbench GUI and the Motor
Profiler Tool.

2. STSW-ESCO001V1:

ESC_STM32_FOC_FW dedicated FW example based on MC FW library
ESC_STMCWB_ prj project for the Motor Control Workbench

ESC_STMotorProfiler_addon addon to upload the STEVAL-ESC001V1 board on
the current Motor Profiler version

3
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The ESC board is not provided with the firmware preloaded.

Motor Profiler update with STEVAL-ESC001V1 support

To upgrade your Motor Profiler to version 1.1.0, paste the contents of the
ESC_STMotorProfiler_addon\resources folder into the ST SDK FOC library installation
folder:

e e.g., C:\Program Files (x86)\STMicroelectronics\FOC SDK\v4.3.0\STMotorProfiler\

Replace any duplicate files.

Figure 3: ST Motor Profiler tool

? ST Motor Profiler

Lyy ...

Motor Profilei[&
Motion Gontrot Suite Jf/ " J '/ I

® STEVAL-ESCO001V1 ® STEVAL-ESCO001V1

ssssssssssssssssssssssss

Magnetic: (=) SM-PMSI () -PUISH

D Connect.

Firmware package overview

The STSW-ESC001V1 firmware enables field oriented control (FOC) and connection with
the ST MC Workbench and ST Motor profiler tools.

It is based on ST PMSM FOC SDK (STSW-STM32100) and includes an FOC FW example
for ESC management.

The changes to the user project and MC library project include:

e  User project space

a. Main.c - modified

b. STEVAL_ESC001Vl.c — added

c. CrossCheck.h — modified
e  MC Library project space
PWMnCurrFdbkPrivate.h - modified
PWMnCurrFdbkClass.h - modified
R3_1_F30X_PWMnCurrFdbkClass.h - modified
R3_1 F30X_PWMnCurrFdbkClass.c - modified
NTC_TemperatureSensorClass.c - modified
PWMnCurrFdbkClass.c - modified

~Poo0oT®

3
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g. Control stage parameters.h - modified

You can compile the source code by selecting “STM32303C-EVAL_SINGLEDRIVE” in the
IAR Workbench project settings and upload the firmware to the microcontroller.

For hardware connection details, refer to user manual UM2197 Electronic speed
controller for BLDC and PMSM three phase brushless motor on www.st.com.

Before uploading the firmware, set the SWD interface in the IDE tool.
Figure 4: SWD configuration on IAR tool

Options for node "S5TM32F30x_UserProject™ 2

Categony: W

General Options
Static Analysis
Runtime Chedking —
CjC++ Compiler Setup | Communication I Breakpoirrt5|
Assembler Ermulator
QOutput Converter
Custom Build ST-LINKv2 Seral
Build Actions ["] Aways prompt for probe selection
Linker
Debugger Reset
Simulator
Angel [Normal - ]
CMSIS DAP
GDB Server Interface
TAR. ROM-monitor ) JTAG JTAG/SWD speed

Ljet/ITAGjet
JHink/I-Trace @ SWD
TI Stellaris
Macraigor
PE micro
RDI

| STiINC |
Third-Party Driver
TIXDS

0K || Cancel |
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2 Configuring the firmware example

2.1 ST Workbench tool with STEVAL-ESC001V1

1 Open the SDK43x-STM32F303-STEVAL_ESC001V1.stmcx workbench project from the
ESC_STMCWB_prj folder.
Figure 5: ST Motor control workbench — motor section

| 44 ST Motor Control Workbench [SDK43x-STM32F303-5TEVAL ESCO01V] )

File Tools Help Documentation

CEHX ™y O, 00

'E Motor Husqvarna profiled

Motor - —
Motor. s .
Speed/Position
/ b Feedback
- l \E| “
\ /
“ /
Drive Management . -
Control Stage
ife.augmented
Variable Motor 2 Time Motor 14 Message
SDK FOC Library PMSM FO| _
Motor type PMSM |~
Micro STM3ZF3—
PWM frequency 30000
Sensor selection main Sensordes
Sensor selection awe
Trem 28Bu s - Euer v rata 1 &
< m v Infio / Errors / Wamings | Change Log
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You can enter the motor parameters manually if you know them.

If you do not know the motor parameters, you can use the Motor Profiler tool to
calculate them.

All the other parameters, power stage, control stage and driver management are
already prefilled for STEVAL-ESC001V1

Figure 6: ST Motor control workbench — motor parameters

Motor - Parameters

Magnetic structure

Electrical parameters
Pole Pairs 3 =
Max. Application Speed 6372 = mm
Mominal Current 5.00 = | Apk
Mominal DC Voltage 11.2 =V
Rs 0.10 % Ohm
Ls 0.023 = mH
B-Emf constant 1.1 2 Vms/epm
Inertia 3.224 = uNm"s2
Friction 9.830 =| uNm’s

Click on the generation button.

The header files are built in the FW FOC library package of at:
.ASTSW-ESCO001V1\ESC_STM32_FOC_FW\Web\SystemDriveParams

Compile the workspace for STM32303C-EVAL_SINGLEDRIVE with IAR workbench
tool.

You should now be able to work with ST MC SDK.
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S Use the ST Workbench tool to monitor the main FOC algorithm variables, motor
speed, applied bus voltage and board temperature.

The STEVAL-ESCO001V1 board communicates with ST MC Workbench through a
typical USB/RS232 converter connected to the UART port on the board.

Figure 7: ST Workbench tool

Pl X B (O 0@ rrcon  cuem - B coerene )

Basc | Advanced | Regatens | Corfiguration Device not connected

by ST
oL

oooooooogoE

::::::

ST Motor profiler tool with STEVAL-ESC001V1
The Motor Profiler tool can determine unknown motor parameters
1 Launch ST Motor Profiler from the start menu.
Figure 8: ST Motor Profiler in Start menu
. STMicroelectronics
. FOC 5DK
c vd 3.0
% ST Motor Control Workbencl
s ST Motor Profiler
DoclD030514 Rev 1 ‘W
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2 The start screen of the Motor Profiler tool appears.
Figure 9: ST Motor Profiler

[E7 ST Moter Profiler

‘ylw o.augmented
Motor Profile’;%
Motion Control Suite 7 7 7

|

Pole Pairs: = how to detect... i
Ix

Speed and C

Max Speed:
Max Current: 5| Apk 0.28- 30 Apk
VBus: v 8-400V

Magnetic: (=) SM-PMSM (FPMSM

[i]

3 Click the Select Boards button in the Motor Profiler to open a list of supported boards.
The Motor Profiler feature can only be used on the systems listed there.

4 select the STEVAL-ESC001V1 board

Figure 10: ST Motor Profiler — list of boards

&7 ST Motor Profiler

—

=&

° Hide obsolete boards

Hide boards with warning

STEVAL-ESCO001V1

STM32F203xB

@ Active

(Z Product Web Page

Search Control board by name:

STEVAL-ESC001V1

STL160NS3LLHT

@ Active
Bus voltage 10-222 Vde
OC Input voltage  : 10-222 Vdc.

Output peak current : 1-20 A

[Z Product Web Page

STM32303E-EVAL

STM32F203VET6

@ Active

Two Motor Control connector
ST-LINK/V2 Embedded

(Z Product Web Page

STEVAL-IHM023V3 3Sh HV

STGP10HG0DF

@ Active
Bus voltage 125 - 400 Vdc

AC Input voltage : 90 - 270 Vac
Output peak current : 0.65 - 6.5A

[Z Product Web Page

Search Power board by name

STM32303E-EVAL

STM32F203VET6

@ Active

Two Motor Control connector
bedded

ST-LINK/V2 Eml

(Z Product Web Page

STM3240G-EVAL

STM32F407IGHE

@ Active

One Notor Control connector
ST-LINK/V2 Embedded

(£ Product Web Page

STEVAL-IHM023V3 3Sh HV

STGP10HE0DF

@ Active
Bus voltage 125 - 400 Vdc
C Input voltage - 270 Vac

A e 190
Output peak current : 0.85 - 6.5A

[Z Product Web Page

STEVAL-IHM023V3 3Sh HV

STGP10HGE0DF

@ Active

Bus voltage 125 - 400 Vdc
AC Input voltage  : 90 - 270 Vac
Output peak current : 0.65 - 6.5A

(Z Product Web Page
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S Fill in the required fields
i.e., Pole Pairs, Max Speed, Max Current, Vbus and Magnetic
Figure 11: ST Motor Profiler — parameters

[E7 ST Motor Profiler

Lyy .....

Motor Profi Ie;,&
Motion Control Suite Jif &' i/ !

® STEVAL-ESCO001V4 ® STEVAL-ESCO01V1 PolePairs: | 6| @ howtodetect

STM32F303x8 STL160N S3LLHT

t limits

Max Speed: 6000 [RPM

] o Max Current: 1|Apk 1- 30 Apk
s 328 e S

VBus: \l 10-222V

Bus Violtage: 10 - 22.2 Vido

foutput pask (oumant MERIA Magnetic: (=) SM-PMSM () I-PMSM
& Product Web Page [ Product Web Page
€ Remember to properly configure the boards in Motar Control mode
D Connect...

T

6 Check the boards are correctly configured for motor control, supplied with an
appropriate input voltage and connected with the serial communication cable and
JTAG/SWD programming cable.

7 Click on the Connect button.
a. If the programming procedure can’t be executed, check the JTAG/SWD
programming cable.
a. If the programming procedure is executed but Motor Profiler still can’t
communicate with the board, check the serial communication connections.

3
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Firmware to automatically load the correct firmware onto the microcontroller.
Figure 12: ST Motor Profiler — firmware upgrade

If the board is new or the flash on the microcontroller has been erased, click Upgrade

[E7 ST Motor Profiler - 5 |t S
1|
Warning: Firmware upgrade required
In order to proceed, | need to upgrade the firmware of the connected
Control Board
Upgrade Firmware  Cancel
(|
9 You can monitor the progress of the firmware update.
Figure 13: ST Motor Profiler — firmware upgrade status
[E7 ST Motor Profiler Bf x|

ST-Link

(¥ ST-Link Connection €@

(¥ Executes a Full chip erase operation €

(¥ Load binary and Verifies programming operation €
(¥ Reset @

3
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10 Once connection is established, press Start Profile

At the end of the procedure, all measured parameters will appear.
Figure 14: ST Motor Profiler — profiling the motor

&7 ST Motor Profiler =ERCE X

‘ 'I] =.augmented

Motor Profiler S
Motion Control Suite 77 i
Pole Pairs: 6
Max Speed: 6000 |RPM
g e Max C 5 [ Apk
il i " () .% Max Current: 3| Apk
S
VBus: 12|V
Bus
Outp Magnetic: (=) SM-PMSM () -PMSK
© Disconnect © Electrical Model Mechanical Model 4% Faults &
Rs0.10 Ls 0.02 mH Owervoltage

[l Stop Profile @ Friction Undervattane
W, A Owverheat

" :%Sv Tmox ) { (LW 5500 RPM Startup failure

-+ Inertia Speed feedback

ke Max Speed Qver current

0.75 Vrms/kKRPM

[i]

11 Note the parameters (Rs, Ls, B-Emf constant, friction and inertia) and use them in the
MC Workbench motor parameters table

Figure 15: ST MC Workbench — motor parameters

Motor - Parameters

Motor | Sensors
Magnetic structure Surface Mounted PMSM -~

Blectrical parameters

Pale Pairs g =

Max. Application Speed 6372 2 mpm
MNominal Current 5.00 2| Apk
MNominal DC Voltage 12 = Vv

Rs 0.10 2| Ohm

Ls 0.023 = mH

B-Emf constart 1.1 = | Vims/kmpm
Inertia 3.224 2 uN'm's2
Friction 5.830 | uN'm’s

—
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STSW-ESCO001V1 firmware package

Application code for STEVAL-ESC001V1
The STSW-ESCO001V1 firmware is configurable with the IAR tool. You can open

STM32F30x_Workspace in the location shown below.

Figure 16: IAR workspace for STSW-ESC001V1 firmware

= [ [
@\:}" <« STSW-ESCO01VL » STM32PMSMFOCLIB » Web » Project » EWARM » - |$f' Search EWARM p
Organize + Include in library = Share with = New folder i= ~ [l @
X Favorites Name : Type
& Downloads o MC Library Compiled File folder
= Recent Place settings File folder
J UserProject File folder
4 Libranes || STM32F0oe_MC Library.ewp EWP File
5| Documents 4] STM32F0xx_Workspace.eww IAR IDE Workspace
@' Music |_] STM32F2: MC Library.ewp EWP File
=/ Pictures (A| STM32F20x_Workspace.eww IAR IDE Workspace
=l Subversion || STM32F40c MC Library.ewp EWP File
B videos (4| STM32Fdoc_Workspace.eww AR IDE Workspace
| STM32F10x_MC Library.ewp EWP File
1% Computer 4] STM32F10x_Workspace.eww AR IDE Workspace
&, 05Disk (C) %] STM32F30x_Bxamples.eww IAR IDE Workspace
& MIDCLAB(\ | | STM32F30x_MC Library.dep DEP File
| STM32F30x_MC Library.ewp EWP File
€l Network STM32F30x_Workspace.eww IAR IDE Workspace

The user project appears as shown below; the application file with the source code for ESC
functions is highlighted in red.
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Figure 17: IAR User project for STEVAL-ESC001V1 - application file

File Edit Simulator Tools Window Help
DEE@S L me | AR LTI T Y LI
Workspace x ml fl -« x
ISTM32F30x_MC Library - STM32F303_SINGLE_DRIVE - =)z —
N s oo 2 SRR AR R AR R AR AR R R SRR bR R R SRR EbE
Files =N ] * @file main.c L
EESTM32F3UX_WDY|<5PEFE 4 * @author STMicroelectropics - System Lab - MC Team T
@ B STM32F30x_MC Library - STM32F30... » 5 + gversion £.3.0
La ) STM3IZF30x_UserProject- STM3IZ303C-E.. « 6 * fdats 2 -2016 15:29
& [ Motor Cantral 7 * gbrief Main program body
i FEE R R R R R R R R R R R R R R R AR R R R PR R R R SRR SR PSR RFRR R AR IR R IR R R R R R R AR IR R
MC Application 8
|8 CIMC Librany ] *# gattention
La 1 3ystem & Drive Params 10 *
CIMatar? 11 * <h2><center>scopy; COPYRIGHT 2016 SIMicroelectronics</centers></hZ
— B Control stage parameters h 12 -
| EJ Drive parameters‘h 13 : Li:gnfed ufder M?JTST L:‘ibgr.‘:y SJE Liceuselégremsni Vf, (the "Lice
D Parameters conversion h 14 You may not yse this file except in compliance with the License.
15 * You may obtain & copy of the License at:
[1 PMSM motor parameters h ¥ =4
| L— B Power stage parameters.h £ . :
I Motor2 17 = http://vvv.st.com/softvare_license agreement liberty v2
. 18 *
k) Parameters cunvers!un7F3Dx mot.. 19 # Unless required by applicable law or agreed to in vriting, softva,
ll.: E]Parﬂmeters conversion_F30xh 20 * distributed under the License is distributed on an "AS IS" BASIS,
SystemNDr\veParams.h 21 + WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or i
& 5td ectlemnolate 22 # See the License for the specific language governing permissions &
’l STEVAL-ESCO01V1 23 # limitations under the License.
-8 [) STEVAL_ESCD0TV1.c 24 *
_@DUSerlnmﬂace 25 FRERR R R R R R R R R R R R AR R R R R R R R R R R R R R R AR R AR AR R R R R R R AR AR R AR R
= [ GAPApplication.c 26 =/
GAPApplication.h 27
mane L e
— % readme.td 29 /* Pre-compiler coherency check */
F= [ stm32f30x_itc 30 #define PROJECT_CHK
i 31 #include "CrossCheck.h"
stm32f30x_MC_itc
& | Timebase.c gg #undef PROJECT_CEK
—EIDOutpljt 34 #include "MCTuningClass.h"
35 #include "MCInterfaceClass.h™
[ Overview STM32F30_MC Libiary | STM32F30% UserProiect ——r =l
Ready Ln1, Coll System NUM !—EI

The main.c file has the following extra lines of code:
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e #include "STEVAL ESCO001Vl1.h"
Figure 18: IAR User project — header included

3

ﬁ STM32F30x_Workspace - IAR Embedded Workbench IDE - ARM 7.60.1 I. =B é
File Edit View Project Simulator Tools Window Help
DEEd S| % EBe | - | B VR R
Workspace x | fl +x
[STMBZFSD:LMC Library - STh32F303_SINGLE_DRIVE v] 53 —
Files & o 53 [] #if (defined(USE_STM32303C_EVAL))
54 #include "stm32303c_eval.h™
B B STM32F30x_Workspace 55 | 4e1ic UsE EVAL
) STM32F30x_MC Library - STM32F30... v 56 | #include "stm32_sval.h”
Lo (F STMI2FI0x_UserProject- STM32303CE.. 57 gendif |
-8 CaMatar Cantrol 58 L
|m CIMC Application 59 [] #ifdef USE_STGAP1S y
[CIMC Librany 60 | #include "GAPApplication.h™ b
L& (3 Systam & Drive Params 61 - #endif "
2 £ Motart 62 (|
— B Control stage parameters h 63 [] #ifdef STSPIN32F0
| }— [ Drive parameters.h 64 | void STSPIN32F0_Init(void);
| b [ Parameters comersion h 65 = fendif
= EMSH oot pemters e
| L [ Power stage parameters.h e Fioclude = -
r';‘lmurE ian_ F30 69  $define INTERNAL 0
h] Parameters conversion_F30x mot... 70 #define EXTERNAL 1
- ararneters_cunversmn_FEDx.h 71  $define STM32F3_G4MHZ_INT ((CLOCK_SOURCE == INTERNAL) sz defined(STM
L— [ SystemhDriveParams.h 72
[05td project template 73 £] #if STM32F3_64MHZ_INT
8 O STEVALESCONTWA 74 | wvoid STM32F3_64MHz_Internal {void);
STEVAL_ESCINTW 75 L gendif
User Interface 76
GaPApplication.c 77  $define FIRMWARE VERS "STM3Z FOC SDE\OVer.4.3.0"
] GAFApplication. h 78 const char s_fwVer[32] = FIRMWARE VERS;
.|
— 1 80 #ifdef _ GNUC__
stmaA2F0x ite 81 /% With GCC/RATSONANCE, small printf (option LD Linker-rLibraries->Sm
Stm32f30x7MC it B2 set to 'Yes') calls _io_pu:;:i:arr‘} */
B Timebasec 83 | $define PUTCHAR PROTOTYEE int _ io_putchar(int ch)
g4 #elae
1 L Qutput 85 | $define PUTCHAR PROTOTYEE int fputc{int ch, FILE *£)
86 - fendif /¥ _ GNUC _ #/
[ Overview STM32Fa0x M Library | STM32F30%_UserProisct T — | — .
Ready Ln 67, Cell Systemn NUM E
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. ESCboot ()

Figure 19: IAR User project — ESCbhoot function call

ﬁ STM32F30x_Workspace - IAR Embedded Workbench IDE - ARM 7.60.1

File Edit View Project Simulator Tools Window Help

D@ & & e |

- %2

=
=]
=]

ower stage pararmetersh
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. PWM FC control ()

Figure 20: IAR User project — PWM decoding function
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These functions form the core of the ESC management.

3.1.1 ESCboot()
This function initializes the main peripheral to configure the input capture PWM.

It contains an PWM_FC_Init () that configures GPIO pin PA15 to receive the PWM signal
and is connected internally with TIM2 peripheral (Input Capture mode). It also configures
an additional ADC (ADC3) peripheral for regular conversion by two different ADCs.

3.1.2 TIM2_IRQHandler(...)
This function implements the decoding function of the input PWM.

The TIM2 IRQHandler interrupt handler detects the rising and falling edge of the external
PWM signal connected on INPUT channel (PA15) of the STEVAL-ESC001V1 board.

A digital filter returns the average value.
Figure 21: PWM input signal for the ESC control
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PWM_FC_control()

This function implements the state machine to control the motor speed based on the PWM
input signal.

It restarts the motor if a fault (e.g., propeller stopping suddenly) occurs. An internal time
scheduler at fixed frequency regulates the change of the following states:

e SM_ARMING: controls the arming of the ESC (command motor start) according to the
duty cycle value received. It also ensures that Ton (PWM) remains stable for a time
(changeable in the FW) before changing step.

e SM_ARMED: the ESC calls the API function of the MC SDK to run the motor

e SM_POSITIVE_RUN:

— If no fault occurs, this state regulates the motor speed according to the Ton value
and checks whether this value is above the minimum threshold.Otherwise it
requests a step change and stops the motor.

—  The minimum and maximum threshold are changeable by firmware (Ton min
and Ton max).

— It also manages the interruption of the PWM signal: a time delay (changeable in
the firmware) is set before the motor is stopped due to ongoing failure of the
PWM signal.

e SM_STOP: sends a stop command to the MC library and disarms the ESC.

The PWM FC control () function also implements PWM signal stability control so that a
brief (less than 1500 ms) signal interruption does not trigger a motor stoppage event.

Configuration for ST Workbench tool usage

The STEVAL board can communicate with ST MC Workbench to monitor the variables and
the state of the motor.

Start, stop and speed regulation are managed normally by the application code, but you
can disable the application functions and activate manual mode.

To do so, comment the following line in STEVAL-ESC001V1.c, recompile and upload the
firmware to the MCU:

// #define PWM ESC <- comment this line to enable the manual mode (ST WB mode)

After selecting the COM port and setting the correct UART speed (115200), the green LED
on ST Workbench signals a correct connection.
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST
products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the
design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.
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