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• Voltage Oriented Control (VOC) algorithm
• Based on STM32G474 platform:

– Digital solution with advanced analog peripherals (comparators, op-amps,
ADCs and DACs)

– High-resolution timer (HRTIM)
– Hardware Math Accelerator (Cordic)

• AC to DC (rectifier) mode:
– Power Factor Control (PFC)
– DC Bus Regulation
– Soft Start-up and burst mode operation at light load

• DC to AC (inverter) mode:
– Active and reactive power control
– Standalone inverter (UPS)
– Integrated grid connection solution

• Overcurrent and overvoltage protections
• On-line configurable multilevel topology (2-level and 3-level topologies)

Description
The firmware provides comprehensive three-phase, three-level and two-level AC/DC
and DC/AC power conversion control on the STM32G474 mixed-signal MCU
optimized for Digital Power. The firmware includes a sophisticated voltage oriented
control (VOC) algorithm to control either the Power Factor in AC/DC conversion or
the AC output power (active and reactive) in DC/AC conversion.

Product summary

firmware for 15 kW,
3-lvl, 3-ph,
bidirectional
converter
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15 kW, 3-level, 3-
phase bidirectional
converter
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Firmware runs on: STM32G474RE

Firmware
download method:

ST-LINK/V2

ST-LINK/V3

Firmware
development
environments:

IAR Embedded
Workbench

Applications

PFC Converter -
Three Phase Input

DC Fast Charging
Station

Firmware for Active Front End (AFE) bidirectional converter for industrial and 
electric vehicle DC fast charging applications
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1 Voltage oriented control implementation

The voltage oriented control (VOC) algorithm implements vector control based on synchronous reference frames
for current decoupling strategy.
In order to deliver the highest possible power quality, the algorithm requires a high performance microcontroller
such as the STM32G474 mixed signal integrated control platform, featuring high-resolution Timers and a large
number of PWM outputs, and a Math Accelerator, which boosts calculation rates for higher output signal definition
and accuracy.

Figure 1. Block diagram of the library architecture
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In rectifier mode (AC/DC), for unity power factor operation, the input current is controlled through the regulation of
the direct (d-axis) component according to the output power demand, while setting the quadrature (q-axis)
component to zero in order to achieve null reactive power.

Figure 2. Block diagram of the VOC: AC/DC conversion
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In inverter mode (DC/AC), the direct (d-axis) component of the current is directly related to the active power (P)
while the quadrature (q-axis) component is directly related to the reactive power (Q).
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Figure 3. Block diagram of the VOC: DC/AC conversion
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Revision history

Table 1. Document revision history

Date Version Changes

20-Nov-2019 1 Initial release.

16-Mar-2020 2 Minor text edits.
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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. For additional information about ST trademarks, please 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.

© 2020 STMicroelectronics – All rights reserved
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