
Fully assembled board developed for
performance evaluation only,

not available for sale

Features
• Three-phase, three-level AC-DC power converter

– Nominal rate for DC voltage: 800 VDC

– 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, I²C, and DACs
– 64-pin digital power connector
– LED status as UI
– 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-VRECTFD is a fully assembled kit developed for performance evaluation
only, not available for sale.

Product summary

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

STDES-VRECTFD

Firmware for
STDES-VRECTFD STSW-VRECTFD

Mainstream Arm®
Cortex® -M4 MCU STM32G474RET3

Silicon carbide
power MOSFET SCTW35N65G2V

Galvanically
isolated gate driver
for SiC MOSFETs

STGAP2SICS

Silicon carbide
power Schottky
diode

STPSC20H12WL

Applications

PFC Converter -
Three Phase Input /
Digital Power /
DC Fast Charging
Station

15 kW, three-level, three-phase Vienna rectifier with digital control for power 
factor correction
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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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2 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)

Heat sink

GATE1_L GATE1_R

GATE2_L GATE2_R

GATE3_L
GATE3_R

V_line_A

V_line_B

V_line_C

BUS_P

BUS_N

CENTRO_BUS

GND_ISO_Q1

GND_ISO_Q2

GND_ISO_Q3

BUS_P

CENTRO_BUS

BUS_N_OUT

TP91

TestPoint_Ring

TP97

TestPoint_Ring
+
C214

470uF 500V

1
2

D47
STPSC20H12WL

A
C

R257
240k

D48
STPSC20H12WL

A
C

R252
240k

+ C208

470uF 500V

1
2

J10

Con3_32A

1

2

3

D49
STPSC20H12WL

A
C

C211

100nF 630V

1
2

Q11

SCTW35N65G2V

2

1

3

D50
STPSC20H12WL

A
C

L_PFC

L4

506uH

TP93

TestPoint_Ring

C207

100nF 630V

1
2

D51
STPSC20H12WL

A
C

C244

1nF 3kV

1
2

TP98

TestPoint_Ring

TP92

TestPoint_Ring

L_PFC

L5

506uH

R253
240k

D52
STPSC20H12WL

A
C

TP94

TestPoint_Ring

+ C209
470uF 500V

1
2

+
C215

470uF 500V

1
2

R254
240k

TP96

TestPoint_Ring

TW1

CON1

1

C213

100nF 630V

1
2

C217

100nF 630V

1
2

Q13

SCTW35N65G2V

2

1

3

TW2

CON1

1

TP95

TestPoint_Ring

Q12

SCTW35N65G2V

2

1

3

R255
240k

C210

100nF 630V

1
2

TW3

CON1

1

C216

100nF 630V

1
2

Q8

SCTW35N65G2V

2

1

3

Q9

SCTW35N65G2V

2

1

3

TW4

CON1

1

TP90

TestPoint_Ring

R256
240k

Q10

SCTW35N65G2V

2

1

3

TW5

CON1

1

L_PFC

L6

506uH

C212

100nF

1
2

CENTRO_BUS

VnC

VnA

VnB

BUS_N

D
B

4633 - R
ev 1

page 5/14

STD
ES-VR

EC
TFD

Schem
atic diagram

s 



Figure 5. STDES-VRECTFD circuit schematic - power board (4 of 11)

GATE1_L

GATE2_L

GATE3_L

GATE1_R

GATE2_R

GATE3_R

VDD_DRIVER

VDD_DRIVER

VDD_12V

VDD_12V VDD_12V

VDD_12V

VDD_12V

VDD_DRIVER

VDD_DRIVER

VDD_DRIVER

VDD_DRIVER

VDD_DRIVER

VDD_DRIVER

VDD_DRIVER

VDD_DRIVER

VDD_DRIVER

VDD_DRIVER

PWM_INP_Q1_AS

PWM_INP_Q2_AS

PWM_INP_Q3_AS

PWM_INP_Q1_DS

PWM_INP_Q2_DS

PWM_INP_Q3_DS

GND_ISO_Q1

GND_ISO_Q2

GND_ISO_Q3

C167

2.2uF/50V

C140

100nF/25V

R220

0

R243

12

Q6
2STF1360

R187 0

R200 47k

JP19

Jp_pcb

12

C245

1nF

1
2

JP33

3JP_pcb

PROBE5

Current_ProbE

1 2

PROBE3

Current_ProbE

1 2

D35
TZMB20-GS08

A
C

C189

2.2uF/50V

C173

2.2uF/50V

C131

1nF/50V

D44

LED RED

A C

C196

2.2uF/50V

C186

100nF/16V

C169

100nF/25V

D15
TZMB3V3-GS08

A
C

D31
TZMB3V3-GS08

A
C

TP65

TestPoint_Ring

R206 1k

R192

0

0

F37

30Ohm@100MHz
1 2

R247

N.M.

D13
TZMB3V3-GS08

A
C

R221

22

PROBE6

Current_ProbE

1 2

C137

2.2uF/50V

D14
TZMB20-GS08

A
C

R215
N.M.

R239
N.M.

JP53
Jp_pcb

1
2

C248

1nF

1
2

JP40

Jp_pcb

12

0 0

F40

30Ohm @100MHz

1 2

R180 1k

R196
N.M.

TP101

TestPoint_Ring

C191

100nF/25V

JP39

Jp_pcb

12

C193

1nF/50V

JP30
Jp_pcb

1
2

TP81

TestPoint_Ring

JP25

Jp_pcb

12

C178

N.M.

C156

100nF/25V

R198
N.M.

R193

22

R217

100

C192

220pF/50V

DC5

R12P22005D

VIN+
1

COM
6+VOUT
7

VIN-
2

-VOUT
5

TP89

TestPoint_Ring

TP66

TestPoint_Ring

J6

Con3

1

2

3

J8

Con3

1

2

3

R203

1k

JP22
Jp_pcb

1
2

R240

47k

R216
47k

TP85

TestPoint_Ring

C176

2.2uF/50V

C197

100nF/25V

Q3
2STF1360

R194 22

C190

1nF/50V

L13
IND

1
2

R218

0

L11
IND

1
2

JP46

Jp_pcb

12

C157

2.2uF/50V

TP73

TestPoint_Ring

TP83

TestPoint_Ring

C145

2.2uF/50V

C249

1nF

1
2

D8
TZMB20-GS08

A
C

R211 0

0F41

30Ohm @100MHz
1 2

R235

0

C124

1uF/25V

0

0

F45

30Ohm@100MHz
1 2

U27

STGAP2SiCS

VDD
1

IN+
2

IN-
3

GND
4

8
GNDISO 7
GOFF 6
GON 5

VH

D18

LED RED

A C

C142

2.2uF/50V

D42
TZMB3V3-GS08

A
C

C128

2.2uF/50V

D23
TZMB20-GS08

A
C

D37
TZMB20-GS08

A
C

C177

470nF/50V

R223
N.M.

C159

1uF/25V

0

F48

30Ohm @100MHz

1 2

D21
TZMB20-GS08

A
C

Q4
2STF1360

JP18

3JP_pcb

C195

2.2uF/50V

R201
47k

D16
TZMB3V3-GS08

A
C

JP31
Jp_pcb

1
2

R219

12

C146

470nF/50V

R248
N.M.

R229 1k

C243

1nF

1
2

R212 22

R236

22

TP78

TestPoint_Ring

C154

2.2uF/50V

C143

1nF/50V

TP104

TestPoint_Ring

TP87

TestPoint_Ring

JP15
Jp_pcb

1
2

JP52

Jp_pcb

12

C171

470nF/50V

R251

1k

JP51
Jp_pcb

1
2

JP28

Jp_pcb

12

DC1

R12P22005D

VIN+
1

COM
6+VOUT
7

VIN-
2

-VOUT
5

C160

100nF/16V

R222
N.M.

PROBE4

Current_ProbE

1 2

0
F38

30Ohm@100MHz
1 2

C136

220pF/50V

C148

N.M.

JP13

Jp_pcb

12

R188

100

D30

LED RED

A C

Q7
2STF1360

C161

2.2uF/50V

C125

100nF/16V

C144

100nF/25V
L12
IND

1
2

DC3

R12P22005D

VIN+
1

COM
6+VOUT
7

VIN-
2

-VOUT
5

D38
TZMB20-GS08

A
C

JP20

Jp_pcb

12

D46

LED RED

A C

C201

2.2uF/50V

C132

2.2uF/50V

C198

2.2uF/50V

J4

Con3

1

2

3

JP38
Jp_pcb

1
2

C165

220pF/50V

U25

STGAP2SiCS

VDD
1

IN+
2

IN-
3

GND
4

8
GNDISO 7
GOFF 6
GON 5

VH

JP29

3JP_pcb

U28

STGAP2SiCS

VDD
1

IN+
2

IN-
3

GND
4

8
GNDISO 7
GOFF 6
GON 5

VH

JP44

3JP_pcb

R189

0

C181

2.2uF/50V

C163

100nF/25V

D26
TZMB3V3-GS08

A
C

D39

TZMB3V3-GS08

A
C

JP23
Jp_pcb

1
2

C141

2.2uF/50V

TP100

TestPoint_Ring

R249 47k

TP86

TestPoint_Ring

TP71

TestPoint_Ring

TP75

TestPoint_Ring

0

0

F46

30Ohm@100MHz
1 2

C202

1nF/50V

TP74

TestPoint_Ring

C170

2.2uF/50V

C199

470nF/50V

TP79

TestPoint_Ring

C129

100nF/25V

R195
N.M.

U29

STGAP2SiCS

VDD
1

IN+
2

IN-
3

GND
4

8
GNDISO 7
GOFF 6
GON 5

VH

R181
1k

C123

1uF/25V

DC6

R12P22005D

VIN+
1

COM
6+VOUT
7

VIN-
2

-VOUT
5

JP27

Jp_pcb

12

TP64

TestPoint_Ring

TP60

TestPoint_Ring

JP43
Jp_pcb

1
2

JP26

Jp_pcb

12

R184

12

C164

N.M.

C194

N.M.

JP32

Jp_pcb

12

TP68
TestPoint_Ring

R207

100

D43
TZMB20-GS08

A
C

R231

100

C162

1nF/50V

TP99

TestPoint_Ring

C203

100nF/25V

C127

100nF/16V

JP41

Jp_pcb

12

L14
IND

1
2

J9
Con3

1

2

3JP48

Jp_pcb

12

D28
TZMB3V3-GS08

A
C

C133

1nF/50V

R197
N.M.

R224

N.M.

0

F44

30Ohm@100MHz

1 2

JP35
Jp_pcb

1
2

C149

N.M.

C150

2.2uF/50V

R208 0

R232

0C182

2.2uF/50V

D11
TZMB3V3-GS08

A
C

C200

2.2uF/50V

0

F39

30Ohm@100MHz

1 2

C126

2.2uF/50V

R245

0

JP17

3JP_pcb

JP50
Jp_pcb

1
2

C151

1uF/25V

R238
N.M.

C179

1uF/25V

U26

STGAP2SiCS

VDD
1

IN+
2

IN-
3

GND
4

8
GNDISO 7
GOFF 6
GON 5

VH

R230
1k

C135

220pF/50V

R214
N.M.

JP47

3JP_pcb

TP77

TestPoint_Ring

R227

1k

JP36
Jp_pcb

1
2

R209 12

R233

12C184

100nF/25V

TP103

TestPoint_Ring

C166

2.2uF/50V

0

F43

30Ohm@100MHz

1 2

JP54

Jp_pcb

12

C147

470nF/50V

PROBE2

Current_ProbE

1 2

TP67

TestPoint_Ring

TP63
TestPoint_Ring

D45

TZMB3V3-GS08

A
C

TP80

TestPoint_Ring

R202

1k

JP21
Jp_pcb

1
2

Q5
2STF1360

JP16
Jp_pcb

1
2

TP88

TestPoint_Ring

R246

22

C152

100nF/16V

C180

100nF/16V

D24
TZMB20-GS08

A
C

R191
N.M.

D32

LED RED

A C

C174

2.2uF/50V

Q2
2STF1360

R225 47k

R213
N.M.

R237
N.M.

R185 12

JP14

Jp_pcb

12

TP76

TestPoint_Ring

C246

1nF

1
2

0 F42

30Ohm@100MHz
1 2

C204

2.2uF/50V

C153

2.2uF/50V

TP70

TestPoint_Ring

D7
TZMB20-GS08

A
C

C206

N.M.

C183

1nF/50V

R241

100

D17

LED RED

A C

C138

2.2uF/50V

PROBE1

Current_ProbE

1 2

L9
IND

1
2

R205 1k

C188

2.2uF/50V

C130

2.2uF/50V

D41
TZMB3V3-GS08

A
C

L10
IND

1
2

C158

220pF/50V

C187

220pF/50V

C172

1nF/50V

D29
TZMB20-GS08

A
C

D12
TZMB20-GS08

A
C

0

F47

30Ohm@100MHz

1 2

C168

1nF/50V

C247

1nF

1
2

R190 0

DC4

R12P22005D

VIN+
1

COM
6+VOUT
7

VIN-
2

-VOUT
5

JP24
Jp_pcb

1
2

R199
N.M.

R226

1k

C205

470nF/50V

C139

1nF/50V

J7

Con3

1

2

3

JP37
Jp_pcb

1
2

TP62

TestPoint_Ring

R242

0

R186

100

TP72

TestPoint_Ring

TP82
TestPoint_Ring

D27
TZMB3V3-GS08

A
C

DC2

R12P22005D

VIN+
1

COM
6+VOUT
7

VIN-
2

-VOUT
5

C134

100nF/25V

JP45
Jp_pcb

1
2

C175

100nF/25V

TP61

TestPoint_Ring

TP102

TestPoint_Ring

TP84

TestPoint_Ring

R250

1k

JP49
Jp_pcb

1
2

R244
N.M.

C185

1uF/25V

U24

STGAP2SiCS

VDD
1

IN+
2

IN-
3

GND
4

8
GNDISO 7
GOFF 6
GON 5

VH

JP34

Jp_pcb

12

TP69

TestPoint_Ring

C155

1nF/50V

JP42

Jp_pcb

12

J5

Con3

1

2

3

GND_ISO_Q1

VH_Q1_L

VH_Q1_L

VL_Q1_L

VH_Q2_L

GND_ISO_Q2

VH_Q1_R

GND_ISO_Q1

VL_Q1_R

VH_Q3_R

GND_ISO_Q1

VL_Q2_L

GND_ISO_Q3

VH_Q3_L

GND_ISO_Q3

VL_Q3_R

VL_Q2_R

GND_ISO_Q2

VH_Q2_R

VL_Q1_L

VL_Q2_L

VH_Q2_L

GND_ISO_Q2

VL_Q3_L

VH_Q3_L

GND_ISO_Q3

VL_Q1_R

VH_Q1_R

GND_ISO_Q1

VL_Q2_R

VH_Q2_R

GND_ISO_Q2

VL_Q3_R

VH_Q3_R

GND_ISO_Q3

VL_Q3_L

Figure 6. STDES-VRECTFD circuit schematic - power board (5 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)

5V_MEAS_AC

5V_MEAS_AC

VDD_BIAS_A

GND_MEAS_AC

GND_MEAS_AC

GND_MEAS_AC

GND_MEAS_AC

VDD_5V

VDD_BIAS_A

GND_MEAS_AC

VDD_5V

VDD_BIAS_B

5V_MEAS_AC

VDD_BIAS_B

GND_MEAS_AC

GND_MEAS_AC

GND_MEAS_AC

VDD_5V

VDD_5V

VDD_BIAS_C

VDD_5V

5V_MEAS_AC

VDD_5V

VDD_BIAS_C

GND_MEAS_AC

GND_MEAS_AC

GND_MEAS_AC

VDD_5V

VDD_5V

VDD_5V

VDD_5V

VDD_5V

VDD_5V

VDD_5V

GND_MEAS_AC

GND_MEAS_AC

GND_MEAS_AC

V_line_A

ZVD_A

VlineA.S

Neutral

ZVD_B

VlineB.S

ZVD_C

VlineC.S

V_line_B

V_line_C

R118

10k

R58

0

R108 1M

R92

12.4k

0

F17
30Ohm@100MHz

1
2

+

-

U12B

TSV914IDT

5

6
7

+

-

U7B

TSV912IDT

5

6
7

0 0

F19

30Ohm@100MHz

1 2

R102

0

C56

100nF/16V

R62

0

R109 1M

R77 27k 0,1%

+

-

U12D

TSV914IDT

12

13
14

TP31

TestPoint_Ring

C31

100nF/16V

0

F12

30Ohm@100MHz

1 2

JP5

Jp_pcb

1 2

TP32
TestPoint_Ring

R63 13.3k 0.1%

R64 1M

C57

1uF/25V

C37

100nF/16V

R106

0

+

-

U11B

TSV912IDT

5

6
7

+

-

V+

V-

U10A

TSV914IDT

3

2
1

4
11

0

F13
30Ohm@100MHz

1
2

TP30

TestPoint_Ring

R74

10k

JP6

Jp_pcb

1 2

C50

1uF/25V

C63

100nF/16V

C76

N.M.

R116

0

C44

N.M.

C70

4.7u/25V

+

-

U10C

TSV914IDT

10

9
8

R78

0

C55

1nF/16V

TP22

TestPoint_Ring

R101

0

C34

N.M.

JP2

Jp_pcb

1 2

C51

100nF/16V

C48

N.M.

R97 N.M.

C64

1uF/25V

R68

2k

+

-

U8C

TSV914IDT

10

9
8

C60

100nF/16V

TP23

TestPoint_Ring

R110 2k

C71

100nF/16V

0
F14
30Ohm@100MHz

1
2

R55 27k 0,1%

TP27

TestPoint_Ring

R60 1M

R82 1M

R112

2k

TP35

TestPoint_Ring

+

-

V+

V-

U9A

TSV912IDT

3

2
1

8
4

R67 10k

TP33

TestPoint_Ring

R59

36k 0.1%

+

-

V+

V-

U7A

TSV912IDT

3

2
1

8
4

R120

8.06k

C65

N.M.

C59

1uF/25V

R103

36k 0.1%

C36

1uF/25V

C49

100nF/16V

C43

1uF/25V

R95

0

R93

0

0 0

F10
30Ohm@100MHz

1
2

C62

1uF/25V

R83 69.8k 0.1%

R71

0

TP28

TestPoint_Ring

R113

0

JP4

Jp_pcb

1 2

C54

100nF/16V

JP3

Jp_pcb

1 2

R111
10k

R72

0

R65 1M

R96

10k

R86 1M

R107 13.3k 0.1%

+

-

U10B

TSV914IDT

5

6
7

R56

0

0

0

F21

30Ohm@100MHz

1 2

R114

12.4k

R80

0

C39

100nF/16V

R87 1M

C73

100nF/16V

+

-

U10D

TSV914IDT

12

13
14

0

F15
30Ohm@100MHz

1
2

U16

AMC1301DWVR

VDD1
1

VINP
2

VINN
3

GND1
4

GND2
5VOUTN
6VOUTP
7VDD2
8

R99 27k 0,1%

JP9

Jp_pcb

1 2

TP37

TestPoint_Ring

TP38

TestPoint_Ring

C42

100nF/16V

R75 N.M.

R84

0

+

-

U9B

TSV912IDT

5

6
7

JP1

Jp_pcb

1 2

0

F18
30Ohm@100MHz

1
2

R73

0

C75

1uF/25V

U18

DCH010505SN7

+Vi
1

-Vi
2

+Vo
7

-Vo
5

C40

100nF/16V

R66 2k

+

-

V+

V-

U8A

TSV914IDT

3

2
1

4
11

TP36

TestPoint_Ring

+

-

V+

V-

U12A

TSV914IDT

3

2
1

4
11

C45

100nF/16V

JP10

Jp_pcb

1 2

C58

N.M.

C68

1uF/25V

R94

0

C52

4.7u/25V

0
F23
30Ohm@100MHz

1
2

JP7

Jp_pcb

1 2

C33

N.M.

C38

4.7u/25V

+

-

U12C

TSV914IDT

10

9
8

R79

0

C61

100nF/16V

C74

1nF/16V

R100

0

C46

1uF/25V

0

0 F22
30Ohm@100MHz

1
2

R88 2k

C53

100nF/16V

R61 69.8k 0.1%

TP26

TestPoint_Ring

C69

100nF/16V

C35

100nF/16V

R119

N.M.

C32

1uF/25V

C66

N.M.

U17

AMC1301DWVR

VDD1
1

VINP
2

VINN
3

GND1
4

GND2
5VOUTN
6VOUTP
7VDD2
8

+

-

U8D

TSV914IDT

12

13
14

R90

2k

TP24

TestPoint_Ring

TP29

TestPoint_Ring

C41

1nF/16V

R104 1M

+

-

V+

V-

U11A

TSV912IDT

3

2
1

8
4

0

F11
30Ohm@100MHz

1
2

R69

0

R98

8.06k

C47

N.M.

TP39

TestPoint_Ring

R81

36k 0.1%

TP25

TestPoint_Ring

R117

0

R115

0

C67

100nF/16V

R91

0

R57

0

R105
69.8k 0.1%

R70

12.4k

0

F16

30Ohm@100MHz

1 2

TP34

TestPoint_Ring

R89 10k

R76

8.06k

C72 100nF/16V

+

-

U8B

TSV914IDT

5

6
7

JP8

Jp_pcb

1 2

R85 13.3k 0.1%

U19

AMC1301DWVR

VDD1
1

VINP
2

VINN
3

GND1
4

GND2
5VOUTN
6VOUTP
7VDD2
8

0

0 F20
30Ohm@100MHz

1
2

D
B

4633 - R
ev 1

page 10/14

STD
ES-VR

EC
TFD

Schem
atic diagram

s 



Figure 12. STDES-VRECTFD circuit schematic - power board (11 of 11)
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Figure 13. STDES-VRECTFD circuit schematic - control board
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