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STDES-VRECTFD

Data brief

15 kW, three-level, three-phase Vienna rectifier with digital control for power

Fully assembled board developed for|
performance evaluation only,

Product summary

15 kW, three-level,
three-phase Vienna
rectifier with digital
control for power
factor correction

Firmware for
STDES-VRECTFD

Mainstream Arm®
Cortex® -M4 MCU

Silicon carbide
power MOSFET

Galvanically
isolated gate driver
for SiC MOSFETs

Silicon carbide
power Schottky
diode

Applications

STDES-VRECTFD

STSW-VRECTFD

STM32G474RET3

SCTW35N65G2V

STGAP2SICS

STPSC20H12WL

PFC Converter -
Three Phase Input /
Digital Power /

DC Fast Charging
Station
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factor correction

Features

«  Three-phase, three-level AC-DC power converter
—  Nominal rate for DC voltage: 800 Vpc
—  Nominal rate for AC voltage: 400 Vac at 50 Hz
—  Maximum power: 15 kW
—  Power factor: >0.99
— Inrush current control and soft start-up
—  THD lower than 5% at nominal operation
*  Power section based on SiC MOSFETs and SiC diodes:
— High frequency operation (70 kHz)
—  High efficiency: >98%
—  Passive element weight and size reduction
»  Control section based on the STM32G474RET3 microcontroller:
—  Control and monitoring interfaces: SWD-UART, I?C, and DACs
—  64-pin digital power connector
—  LED status as Ul
—  Four integrated high-performance op-amps for additional features

Description

The STDES-VRECTFD reference design is a complete solution for high-power three-
phase AC/DC rectifier applications based on the Vienna topology.

It features full digital control through the STM32G474RET3 MCU and provides both
digital output voltage regulation and continuous conduction mode (CCM) current
regulation for the maximum power quality related to total harmonic distortion (THD)
and power factor (PF).

The high switching frequency of the SCTW35N65G2V SiC MOSFETs (70 kHz) and
the multilevel structure allow a nearly 99% efficiency as well as the optimization of
passive power components in terms of size and cost.

This high efficiency Vienna rectifier is designed for several end applications, such
as electric vehicle (EV) and industrial battery chargers, and industrial equipment that
requires a very high PF and a low THD.

The STDES-VRECTEFD is a fully assembled kit developed for performance evaluation
only, not available for sale.
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Detailed description

1 Detailed description

The STDES-VRECTFD reference design consists of a power board and a control module.

The power board contains a power section, an EMI filter, a sensing circuit, an inrush current circuit, and an
auxiliary power supply.

The control module is based on the STM32G474RET3 microcontroller that features connectors for
communication, test points, and status indicators for testing and debugging.

The input and output current and the voltage measurements necessary for responsive control are acquired

through isolated measurement blocks. The STM32G474RET3 microcontroller manages the CCM current
regulation for power factor control and DC bus voltage regulation.

The STM32G474RET3 also provides a comprehensive control of the application AC current and DC voltage, as
well as monitoring and protection, including the start-up sequence and the load connection and disconnection.

A high-resolution timer peripheral determines the driving signals of the switching devices to maximize the
performance at high-frequency operations.

Figure 1. Converter block diagram
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Schematic diagrams

Figure 2. STDES-VRECTFD circuit schematic - power board (1 of 11)
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Figure 3. STDES-VRECTFD circuit schematic - power board (2 of 11)
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Figure 4. STDES-VRECTFD circuit schematic - power board (3 of 11)

TPe0

Toupoi_ra
+ g
9 o o
a A a o5z
TestPoint_Ring TestPoint_Ring 240k
P91 < < < —|c207
o2
sormamescar SO0 somamescay ook oy
" A i i
Vi . o 2 PON s ] s /OFN [ e
147 Tl T el
s o T soov
- . | oo aso
= .
TestPoint_Ring - TestPoint_Ring. R254
ontir Tospart
s 05 ot oo L espon_fng
sommsmscry PO scrvssioscoy e
s 4 o L PN ] s /PR . 3 como sus levi -|oaus
= o = 14T L T s
o oo ot
- -  CENTRO_BUS. R255
- - i i o213 2400
- - [ioonF 630V . -
TestPoint_Ring. TestPoint_Ring o - C214 c215
GATE2_R _lc216 1 1
s anbrs o o = Y
e ©GND_IS0_a3 [T00nF 630V 240K o “4700F 500V
somamsseey 5 Lerussscay ] Toorao
"
o we G e N e
At 16T I,
- = at2 R257
- - ©| o o| P 240k
- = 050 os1 052 i R e
e 7' x = oo esov
< < < GATE3 L
AN .
N o
"
o8 BUS P 3 @
SN

centRoeus 3 A

Cons_32A

Mljeat sink

ws
cont con com cont cont

°
]

Q
®
3
=
>

sweibelp ojewayog

a4123¥A-S3dals




Figure 5. STDES-VRECTFD circuit schematic - power board (4 of 11)
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Figure 7. STDES-VRECTFD circuit schematic - power board (6 of 11)
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Figure 8. STDES-VRECTFD circuit schematic - power board (7 of 11)
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Figure 9. STDES-VRECTFD circuit schematic - power board (8 of 11)
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Figure 10. STDES-VRECTFD circuit schematic - power board (9 of 11)
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Figure 11. STDES-VRECTFD circuit schematic - power board (10 of 11)
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Figure 12. STDES-VRECTFD circuit schematic - power board (11
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Schematic diagrams

Figure 13. STDES-VRECTFD circuit schematic - control board
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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.

© 2021 STMicroelectronics — All rights reserved
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