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Getting started with D-Power Vienna expansion package in eDesignSuite and
STM32Cube software tools

Introduction

The D-Power Vienna expansion package is an STM32Cube expansion pack, which lets you speed up the configuration and first
operation of the STDES-VRECTFD, digital power converter platform based on a unidirectional three-level, three-phase Vienna
rectifier PFC application.

STM32Cube expansion packages are embedded software packages that complement the STM32Cube MCU packages with
additional software bricks, including specific drivers for external companion chips or application-specific middleware. This
STM32CubeMX tool enables the user to define the power converter configuration generated by eDesignSuite. Application
algorithms and parameters are managed by STM32CubeMX thanks to the STM32Cube expansion pack.

The D-Power Vienna expansion package also provides a fully customizable firmware to control the power platform. The main
features, such as the output voltage regulation and the current control for the PFC and protection, can be set directly through
the STM32CubeMX environment. The software runs on the STM32 microcontroller and includes all the necessary drivers to
operate with an STM32G4 MCU.
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For further information contact your local STMicroelectronics sales office.
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1 System requirements

. STM32CubeMX v.6.6 or above
. STM32CubelDE v.1.8 or above
. IAR v.9.20.2 or above

. Arm Keil v5.36

Note: This documentation refers to the above configuration. In case of tools updating, perform a preliminary system
check to verify compatibility requirements.
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2 eDesignSuite for D-Power converter development

Thanks to the D-Power expansion package, eDesignSuite system level configuration is integrated with
STM32Cube environment.

The firmware deployment of eDesignSuite allows generating the STM32CubeMX peripheral configuration file. The
multi-toolchain source code generation enabled by STM32CubeMX allows obtaining a fully configured IDE project
also for STM32CubelDE. Additional tools, such as STM32CubeProg and STM32CubeMonitor, complete the user
development interface for programming and monitoring.

Figure 1. DPC Vienna rectifier design flow
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3 STM32Cube development environment overview

STM32Cube is a combination of a full set of PC software tools and embedded software blocks running on STM32
microcontrollers and microprocessors:

. STM32CubeMX configuration tool for any STM32 device; it generates initialization C code for Cortex-M
cores and the Linux device tree source for Cortex-A cores

. STM32CubelDE integrated development environment based on open-source solutions like Eclipse or the
GNU C/C++ toolchain, including compilation reporting features and advanced debug features

. STM32CubeProg programming tool that provides an easy-to-use and efficient environment for reading,
writing and verifying devices and external memories via a wide variety of available communication media
(JTAG, SWD, UART, USB DFU, I2C, SPI, CAN, etc.)

. STM32CubeMonitor family of tools (STM32CubeMonRF, STM32CubeMonUCPD, STM32CubeMonPwr) to
help developers customize their applications in real-time

. STM32Cube MCU and MPU packages specific to each STM32 series with drivers (HAL, low-layer, etc.),
middleware, and lots of example code used in a wide variety of real-world use cases

. STM32Cube expansion packages for application-oriented solutions

Figure 2. STM32Cube overview
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The default software and middleware stacks can be extended thanks to STM32Cube expansion packages.
STMicrolectronics or its partner packages can be downloaded directly from a dedicated package manager
available within STM32CubeMX. The other packages can be installed from a local drive.

Moreover, a unique utility in STM32CubeMX delivery, STM32PackCreator, helps developers to build their own
enhanced STM32Cube expansion packages.
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4 STDES-VRECTFD topology

The STDES-VRECTFD reference design represents a complete solution for high-power, three-phase active front
end (AFE) rectifier applications based on the three-level Vienna topology.

This reference design topology is mostly used for DC fast charging applications related to industrial and electric
vehicles.

It features full digital control. The embedded STM32G474RET3 mixed-signal high-performance microcontroller
provides the full control of the power factor (PF), the DC voltage, and the auxiliary task to manage the protections
and the soft start-up procedure.

The high-bandwidth continuous conduction mode (CCM) current regulation allows the maximum power quality in
terms of total harmonic distortion (THD) and power factor (PF).

Figure 3. DC charging station
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Figure 5. STDES-VRECTFD reference design - control board
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STDES-VRECTFD in eDesignSuite

Overview
Thanks to the eDesignSuite development support tool, you can define the application project specifications.

Starting from these specifications, the eDesignSuite configurator returns the hardware and software parameters
necessary to get the user's desired specifications.

A complete GUI allows the user to use the tool easily.

As the first configuration, the tool proposes the project specifications of the reference design based on the
STDES-VRECTFD Vienna rectifier topology.

The figure below shows the tool workspace, which highlights the main specifications of the AC-DC converter
project, including its interactive wiring diagram and various additional sections proposed for the design. In
addition, the BOM and interactive graphs show an estimation of the semiconductor losses and the specific control
loop for the PFC application.

Figure 6. eDesignSuite workspace
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You can provide all design inputs in a sequential logic based on a very comprehensive graphic wizard. Then,
eDesignSuite is able to generate the project files. The last design step provides the project files based on
STM32CubeMX that allows you to generate the application source code.

eDesignSuite directly provides the parameters used by the firmware. STM32CubeMX uses these parameters to
configure the application properly, according to the user's specifications.
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5.2 Wizard

You can manage the main power converter design rules thanks to a step-by-step wizard. User requirements in

power, signal conditioning, control, and protection sections are linked to ensure the consistency of the overall
design.

Figure 7. eDesignSuite wizard flow
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10 specification

In this tool section, you can set the main converter input and output specifications, such as input voltage
requirements and the DC voltage for the application. You can also define the output power for the efficiency
estimation, the best fitted power device selection, and the passive design current rated information.

Figure 8. 10 specification
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5.2.2 General constraints

In this section, you can add other specifications, such as the power factor and efficiency requirements. You can
also set the switching frequency.

Figure 9. General constraints
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Boost inductor and output capacitor

Boost inductors represent the core design element for a unidirectional Vienna PFC topology. The current ripple
is considered to obtain the proper inductance value. In this section, you can also force the preferred magnetic
element details. The actual ripple is calculated and considered accordingly. The same design approach is used
also for the output capacitors.

Figure 10. Boost inductor
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Figure 11. Output capacitor
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5.24 Switch and diode selector

High power high switching power converters efficiency is strictly related to a good semiconductor selection. The
new generation SiC technology available for diodes and MOSFETs allows you to reach a very high performance.

In this section, you can compare the analysis splitting conduction and switching power losses contribution for
each selection to choose the right one.

Figure 12. Power switch selector
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Figure 13. Diode selector
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5.2.5 Sensing design
Several feedback signals are required for power factor correction in DC voltage regulated power. Each signal
must be properly scaled to optimize performance in ADC section. In eDesignSuite, a dedicated section is
available for each sensing part. The tool proposes a condition circuit and BOM components according to the
market availability. Custom adjustments are also available to fit a specific user-defined configuration. In addition,
firmware parameters are provided or customized according to specifications.

Figure 14. AC voltage sensing
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Figure 15. AC current sensing
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Figure 16. DC voltage sensing
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Figure 17. DC current sensing
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5.2.6 Closed loop control design

The control algorithm design proposed for this power converter can be represented as a second order dynamic
system, which consists of inductors and capacitors. With a good approximation, the theoretical different dynamic
behavior of this two-system element allows considering two fully decoupling first order systems. For this reason, a
current control and a voltage control are considered in a separate design.

Figure 18. Control loop
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A current compensator to enable the PFC capability and proper operation is mandatory to obtain good results
in the power quality of the power converter. Dynamic and static control behaviors are defined according to the
frequency response parameters, bandwidth, and phase margin. Thanks to the integration of the model behavior
of the converter topology, consistent also with the hardware design parameters, eDesignSuite allows obtaining
firmware parameters accordingly.
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Figure 19. Current compensation
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Figure 20. Voltage compensation
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5.2.7 Firmware protections

The firmware also provides several protections that can be configured according to user specifications through
the eDesignSuite user interface. Each configuration is provided to the firmware in the .ioc and .pack files.

Figure 21. Firmware protections
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5.2.8 Additional settings
Additional settings of the power converter are available in a dedicated wizard tab.
Parameters are related to the control section startup procedure, monitoring, etc.
Figure 22. Firmware additional settings
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Firmware download
This section is dedicated to the final step. You can download STM32CubeMX and the STM32Cube expansion

pack according to the previous configuration.

Figure 23. Firmware download
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6 Design files and tools configuration

After the configuration, the wizard last section is dedicated to the design files handling.
Two files are deployed by the cloud-based application. These files are used locally by ST tools.

The workflow is designed to download and install the STM32Cube expansion pack into STM32CubeMX. This step
is required only the first time to add the support of this specific topology. After this, STM32CubeMX can work
properly with the 10C file that contains the actual configuration of the custom design.

Figure 24. eDesignSuite workflow
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6.1 How to add Vienna topology in STM32CubeMX

Step 1.  Open STM32CubeMX.

Step 2. Open “Install/Remove” wizard.

Figure 25. STM32CubeMX home page
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Step 3. Click Install/Remove to open the Embedded Software Package Management page.

Figure 26. Embedded Software Packages Manager page
2] Embedded Software Packages Manager X

H S§TM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed 1 days ago.

GER |

&7 STM32Cube MCU Packages

SEG(
|

- Description stalled Version | Available Version |
>  STM32F0

»  STM32F1

>  STM32F2

> STM32F3

Details
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Step 4. Drag and drop the file or select the software package from a local file.

Figure 27. Drag and drop the software pack

H STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refeshed 1 days ago

¥ STM32Cuba MCU Packags | W SThEcroslectronics

[ stotus ] Deseription | Availablo Version |

- FPATR-ASTRA1

[ FPATR.SIGFOX1

> STMicroelectronics_DPC_Vienna
[ X.CUBE-AI

Deails

Software Pack for Degital Power Conversion, PFC Vienna

m Select a 5TM32Cube Package File >

LookIn || . eDS Vienna v| B @ BB BEE:

oo 0-

&) STMicroelectronics STMicroelectronics_DPC_Vienna.1.0.2 .pack

File Mame [STMI'::r_ngl_ectrqni_as.STMicmeiectr_qnic5__DPQ_Vienn_a.1.CI_.2 -pack |

Files of Types |SW32CUE¥E Packages File (".zip, *.pack) w |
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Figure 28. Select the software package from a local file

[ Embedded Software Packages Manager X
E STM32Cube MCU Packages and embedded software packs releases
d o
Releases Information was last refreshed 1 days ago
- &7 STMicroelectronics
102 pack
Available Version
FP-ATR-SIGFOX1 I
» Microelectronics_DPC_BIDIR
» X-CUBE-AI
> X-CUBE-ALGOBUILD
Details

After the installation, the software pack is available in the packs areas.

Step 5. To verify that the installation was successful, select “Software Pack Component Selector” in the
Software Packs section of STM32CubeMX.

Figure 29. Embedded Software Package Manager

m Embedded Software Packages Manager ¥
9! 9

| E $TM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed 2 days ago

&7 STMicroelectronics

| status | Descripion [ Available Version

l !
> STMicroelectrenics_DPC_BIDIR
v STMicroelectronics_DPC_Vienna
m Software Pack for Digital Power Conversion, PFC Vienna 1.0.2
» X-CUBE-Al
Details

;Soﬂ\.-.rare Pack for Digital Power Conversion, PFC Vienna
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Step 6. Download or open eDesignSuite Vienna STM32CubeMX “ioc” file.
This section is automatically populated according to the eDesignSuite user configuration.

Note: All eDesignSuite system configuration parameters are collected and proposed in the STM32CubeMX
configuration tab. Do not change them directly from this tab to avoid unexpected power converter
behaviors.

Figure 30. Vienna ioc file - Software Packs selector

E STM32CubeMX STSW-VIENNARECT Rev2.ioc: STM32G474RETx - o x
sz O File Window Hel @ n »}:; L
| =y P oy Y/

> STSW-VIENNARECT_Rev2.ioc - Pinout & Configuration ) GENERATE CODE

Pinout & Configuration | Clock Configuration ! Project Manager
v Software Packs v Pinout

Q v [y | ) Pinout view System view

|

Analog

Timers >

Connectmty

Multimedia

Security

Computing >

Middleware

Utilities

Software Packs 3

Figure 31. Vienna topology STM32CubeMX parameters

L0 STM3Z0umend STSW-VIENMNARECT_Ravz o STMIZGATARETY

SE’I‘.‘IE-F'? Fila Window Heip @ n ﬂ ' ‘}Q "'_I-
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Project Manager Tools

 Software Packs
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a

| B Unilty DPC F
Analog
B Device Appbcation
[ | i
| Conmectwy
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||
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Computing »
| L]
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i DPC_PACK_REL 002
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Software Packs - DPC_VR_INRUSH_V
| = DPC_VR_STARTBUR
et OPC_VR_RUN_BUR
DPC_VR_PFC_VDC . g
DPC_VR_ID_KI = -
———
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6.2 STM32CubeMX parameter description
All parameters are shown in parameters setting. Several sections are available and collect related parameters.
6.3 Generate toolchain project
The STM32Cube firmware projects are compliant with the requirements hereafter regarding the supported
integrated development environments (IDEs):
. STMicroelectronics STM32CubelDE
. IAR Systems EWARM
. Keil® MDK-ARM IDE
Figure 32. STM32Cube project deployment
N
- sTM32 P
2o CubelDE
* STM J 2 ﬁ. ﬁ
CubeMX SOIAR
SYSTEMS
[
] armekeiL
|
I Onetime
I configuration
- ) X
STM3? “JIEI‘IHE Rectifier
CubeExpansion
Figure 33. IDE folders in the STM32Cube package
&+ EWARM
----- Projectewd
----- [ projectewp
----- [£) Projecteww
---- [E startup_stm32ynnnxocs
»»»»» stm32ynnmnxx_flash.icf
=2 MDK-ARM
-2 Projectuvoptx
»»»»» [ projectuvprojx
~~~~~ startup_stm32ynnmoc.s
=2 SW4STM32
B2 STM32YNNNTTX WS#NAME
; .cproject
i .project
“-[Z) STM32YNNNTTx_FLASH.Id
-[Z) startup_stm32ynnnxx.s
»»»»» =) readme.txt
»»»»» Release_Notes.html
6.4 STM32CubelDE application from STM32CubeMX

Step 1.
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Step 2.  The CubeMX project generated by eDesignSuite is already configured to use STMicroelectronics
STM32CubelDE toolchain. In case of other manual toolchain selection, verify "Code Generator" and
"Project" sections in the Project Manager tab.

Copy all used libraries into the project folder and save the project.

Figure 34. Project manager tab

[ STM32CubeMX vienna_stm32g47d.ioc: STM32G474RETk o X

STM32 ﬁ File Window Helj @ H -}c ‘
CuboX v oy 2 /4
me £ X vienna_stm32g474.ioc - Project Manager GENERATE CODE

Pinout & Configuration Clock Configuration Project Manager Tools

® Copy all used libraries into the project folder

Project 'O Copy only the necessary library fies

O Add necessary library files as reference in the toolchain project configuration file

Code Generator

Generated

Generate peripheral intialization as a pair of " c/.h files per peripheral
[] Backup previously generated files when re-generating

Advanced Settings Keep User Code when re-generating

Delete previously generated files when not re-generated

HAL g
(] Set allfree pins as analog (to optimize the power consumption)
[ Enable Full Assert

(Template Settings

Select a template to generate customized code

After saving the project, the project location section and in the toolchain folder location section should
have the same path.

Note: If these sections have different paths, a wrong project creation phase can occur.

Figure 35. Expected status

[ STM32CubeMX vienna,stm32g47a ioc: STM32GATARET - o x
SEHSH'? File Window Help @ oy x Ly

> vienna_stm32gd74.ioc - Project Manager GENERATE CODE

Pinout & Configuration Clock Configuration Project Manager Tools
Froject Settings
Project Hame fienna_stm32g474
Project Location Dovnioads0s Vemar |  Growse |
|
Agplication Structure [Bas [ Do not generate the mainf)
Tookhain Folder Location [c:wsers IO ownioads\eDS Vienna\
la Generator
Tookchain / IDE STM32CubelDE ~| [ Generate Under Roat |
Linker Setlings
Advanced Settings Winimurm Heap Size 020
Minimum Stack Size D400
Thread-safe Settings:
Cortex-MANS
) Enable mutt threaded suppor
Thread-safe Lacking Strategy [Defaul - Mapping suitable strategy depending on RTOS selection
Mcu and Firmware Package
Mcu Reference STM32GATARETx
Firmware Package Name and Version  [STM32Cube FW_G4 V1.5.0 I Migrate to tha latest supportad Fimwars version
Use Default Fumware Location
Firmware Relatie Path FW_ G4, Browss

If the project creation phase is successful, you can run the generated code and open the project.

UM3101 - Rev 1 page 32/41



https://www.st.com/content/st_com/en/support/resources/edesign.html
https://www.st.com/en/product/stm32cubeide?ecmp=tt9470_gl_link_feb2019&rt=um&id=UM3101

‘,_l UmM3101

IAR Workbench application from STM32CubeMX

Figure 36. Generating the code

swhe'? File Window Help @ n : '}C "I

[ STM32CubeMX vienna_stm32g47d.ioc: STM32GATARET o X

Pinout & Configuration Clock Configuration ‘ Project Manager Tools
v Software Packs v Pinout

Q v [C] STMicroelectranics. STMicroelectronics_DPC_Vienna.102Mo... £ Pinoutview ¢ System view
| cateaerias| -2 | T — q
»
System Core 5 Device Application
Extension Board DPC FW PACK
Analog >
Timers >
Connectivty >
Muttimedia >
Secuity >
Computing >
Configuration
Middieware > STM32G474RETX
LGFP64
Utities >
Software Packs e — — i 3
[Configure th below parameters AEEEMEEERE
Q Q >
+ STMicroslectranics STMicroelectronics DPC Vienna 1.0.2 Seamb (Gutr) | °
=  AC_Parameters
DPC_VR_VACNOM 230
DPC_VR_VACMIN 185
 DC_Parameters
DPC_VR_PFC_VDC_. 800 - . i
e e 0 = 5 bs
DPC_VR_INRUSH_V... 453 1O} La Q = ol Q|

6.5 IAR Workbench application from STM32CubeMX

Step 1. After the software pack installation, move the .ioc file into a new blank folder and open it. Load
Application file.ioc from local folder and select the Software Pack needed.

Step 2. Select the correct Toolchain (EWARM) in Project Manager—Code Generator.
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Step 3. Move to Project Manager tab and verify in "Code Generator" that "Copy all used libraries into the
project folder" is selected and in "Project" sections that path location are the same.

Figure 37. EWARM configuration

[ [0 stM3z2Cubemx STSW VIENNARECT Revzioc: STMZ2G474RE T

| svaazo W0 File
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Thread safe Settings
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Mecu and Firmware Package
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[ETM32G4TIRETx ]

Firrnware Package Name and Version
|[sTM32Cube FW_G4 V150 I

Use Default Firmware Location

If the project creation phase is successful, you can run the generated code and open the project.

Figure 38. IAR EWARM toolchain

o Project - IAR Embedded Workbench IDE - Arm 8.10.1 [m} x
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/4 USER CODE END WHILE */
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4
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7 STM32Cube Vienna expansion packaging requirements

The STM32Cube package is the backbone of any STM32Cube expansion package. As a result, the folders and
file structures must always be organized without modifying the original folder structures as described in "How to
develop an STM32Cube Expansion Package" in the STM32 MCU wiki page as well as within the development
guidelines for STM32Cube firmware packs user manual.

The STM32Cube expansion package development checklist document provides the list of requirements to follow
when building an STM32Cube expansion package.

71 Development with STM32CubeMX

In an STM32Cube expansion package, application must be developed using the STM32CubeMX tool. This
requirement implies that the development satisfies the following rules:

. the STM32CubeMX tool must be used to configure the STM32 device and board, and generate the
corresponding initialization code

. in the generated *.h and *.c source files, the user must add the applicative code within the sections limited
by the /* USER CODE BEGIN */ and /* USER CODE END */ markers

. the associated *.joc file must be available at the example root

. if additional STM32CubeMX project settings are used, the .extSettings file must be kept at the same level

of the *.ioc file
7.2 Compiling optimization requirements
According to the IDE selection, you must verify the optimization configuration, setting the high level with speed

priority.

Figure 39. Building optimization using EWARM
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Figure 40. Building optimization using Keil
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Figure 41. Building optimization using STM32CubelDE
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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 acknowledgment.

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. For additional information about ST trademarks, refer to www.st.com/trademarks. 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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