
Features
• Peak efficiency: 97.5 % with 3.7% THD
• Compact PFC converter
• Higher switching lifetime
• Compliant with EMI normative at 4 kV
• RoHS and WEEE compliant

Applications
• EV/HEV on-board chargers
• Charging stations
• Motor drive, motion control
• UPS, industrial battery charger
• Server/Telecom SMPS

Description
The STEVAL-DPSTPFC1 3.6 kW bridgeless totem pole boost circuit achieves a
digital power factor correction (PFC) with inrush current limiter (ICL). It helps you to
design an innovative topology with the latest ST power kit devices: a silicon carbide
MOSFET (SCTW35N65G2V), a thyristor SCR (TN3050H-12WY), an isolated FET
driver (STGAP2S) and a 32-bit MCU (STM32F334).

This reference design also opens the path to a compact converter running at 72 kHz
offering a high peak efficiency, low THD distortion (97.5 % with 3.7 % THD) and
reduced bill of materials.

It achieves a robust circuit that meets EMC standards up to 4 kV delivering high
switching lifetime with reduced EMI emissions.

The thyristor SCR used as AC line polarity switcher allows achieving an active
current limitation at power up or line drop recovery: the PFC efficiency is optimal
and no EMI bouncing effect occurs.

The reference design includes a power board with bridgeless totem pole boost (with
an inrush limiter circuit, switch drivers and an auxiliary power supply), a control board
with its MCU, a PFC/ICL control firmware and an adapter board for software debug.

Product summary

3.6  kW power factor
corrector totem
pole with inrush
current limiter using
TN3050H-12WY and
SCTW35N65G2V

STEVAL-
DPSTPFC1

30 A 1200 V
automotive grade
SCR thyristor

TN3050H-12WY

galvanically isolated
4 A single gate driver STGAP2S

silicon carbide power
MOSFET SCTW35N65G2V

Energy saving

12 W high voltage
converter with direct
feedback

VIPER26LD

Mixed-signal MCU
with DSP and
FPU for digital
power conversion
applications

STM32F334

Applications

AC-DC Converters

3.6 kW Totem Pole PFC with inrush current limiter reference design using 
TN3050H-12WY and SCTW35N65G2V
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1 Electrical characteristics

Table 1. Electrical characteristics (Tj=25 °C where not specified)

Symbol Description Conditions Min. Typ. Max. Units

VAC
AC line RMS
voltage 85 264 V

IAC
AC line RMS
current 16 A

PIN Input power

VAC = 230 V
RMS / 50 Hz 3.6

kW
VAC = 110 V
RMS / 60 Hz 1.6

fAC
Input AC
frequency 45 65 Hz

VDC
Output DC
voltage 400 450 V

IDC
Output DC
current

VAC = 230 V
RMS / 50 Hz 9

A
VAC = 110 V
RMS / 60 Hz 4

fs
Switching
frequency 72 kHz

η Peak PFC
efficiency

VAC = 230 V
RMS / 50 Hz

Output power =
2 kW

97.5

%
VAC = 110 V
RMS / 60 Hz

Output power =
1 kW

94.8

TAMB
Ambient
temperature 0 45 °C

THD
Min Total
Harmonic
Distortion

VAC = 230 V
RMS / 50 Hz

Output power =
2.5 kW

3.3

%
VAC = 110 V
RMS / 60 Hz

Output power =
1.4 kW

3.5

PF Power factor 0.99 -
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Figure 1. STEVAL-DPSTPFC1 power board electrical diagram
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Figure 2. STEVAL-DPSTPFC1 control board electrical diagram and auxiliary power supply
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2 Schematic diagrams

Figure 3. STEVAL-DPS334M1 circuit schematic (1 of 3)

51
PC

11

A_GND

C23

33PB13
34 I/O

 2
3

A_GND

C26

ADC12_IN6

TP36

R16

+3.3V

8

PB12

COMP2_OUT/HRTIM_FLT1

TI
M

2_
ET

R

3

22pF

R25
10

ADC1_IN2

C
19

Green LED

100pF

GND

10

STATUS_LED

A_GND

C8

FAULT_LED

PWM_1

I2C1_SDA/USART3_TX/CAN_TX

+3.3V

TP31

C32

L1

ADC2_IN5

HRTIM_CHC2

PWM_5

I2
C

1_
SD

A/
U

SA
R

T3
_T

X/
C

AN
_T

X

ADC1_IN1

NRST

100nF

C10100nF

8

VBAT

12

+5V

TP3

Jumper

TP29

To pull-up when used for SMBUS communication

PC13

COMP6_OUT/TIM3_CH1/TIM1_CH3N/HRTIM_EEV10

+5V

1

DAC1_OUT1/SPI1_NSS

DAC2_OUT1

TP19

COMP4_INP/ADC1_IN11/OPAMP2_VINP

PB
3

55

PWM_12

PA9

H
R

TI
M

_E
EV

1

HRTIM_CHE1

C33

PF0/OSC-IN6

+5V

PA0

TP35

A_GND

PB
1

7

100nF

7

X1

3
VIN

PC13
HRTIM_EEV7/SPI1_MISO

HRTIM_CHB1

1

24

PC
5

5

VS
S_

63

100uF

R31

PB
7

59

10

ADC1_IN3

GND

53
PD

2

100pF

I/O
 4

6
R

EF
3

R
EF

4

8

37PC7
38

1
10

nF
+3.3V

5
R

EF
4

3

GND

9

I/O
 2

3

J4

HRTIM_CHE2
DAC1_OUT2/SPI1_SCLK

COMP_1_INP/ADC_11

TP21

R17

I/O
 3

4

HRTIM_CHD2

10

ADC2_IN11/OPAMP2_VINM

HRTIM_CHC2

1.5 Ohm 215 mA

C31

2

AD
C

2_
IN

5

PWM_8

SMBus_SDA/UI_USART_TX

CAN_RX

R
EF

2

TP22

J5

46

VD
D

_2
32

100nF

Digital Power Connector pinout assignment for STM32F334R8T6 MCU

ADC_4/DIFF_ADC_2-/OP-AMP_2-

GND

PA
14

3

100nF

U3

HRTIM_CHB2

100pF

R27
10

HRTIM_FLT5

A_GND

PA
7

23

7 PF1/OSC-OUT
NRST

TP17

R36

PB14

PC
10

100uF

100pF

COMP6_INP

C9

I/O
 3

4

R
20

0

100nF

TP34

I/O
 2

3

VS
S_

4

COMP2_OUT/HRTIM_FLT1

TP5

0
R37

ADC1_IN2

C12

Red LED

R29

C20

COMP_2_INP/ADC_12/OP-AMP_1+

ADC_8

GND

52
PC

12

100pF

R35

ADC1_IN1

Blue LED

I2C1_SDA/USART3_TX/CAN_TX

USART1_RX

GND

R
21

0

C29

1

TP9

R30
10

100nF

HRTIM_CHD1

PWM_4

TI
M

2_
C

H
3

100pF

GND

ADC12_IN6

TP7

7

VSSA/VREF-

VS
S_

2

ANALOG INPUT FILTERS

VOLTAGE REGULATOR

U5

TP8

GPIO_5/DAC_1/COMP_4_INP/SPI_NSS
ADC12_IN7

PB
9

62

100pF

42PA10
43

PWM_11

GND

+3.3V

1

PC2

+3.3V

15

STM32F334R8T6 (LQFP64)

PA2

2
1

50

PB
0

VDDA

C30

100nF

J6

10K

R
EF

3

7

H
R

TI
M

_E
EV

7/
SP

I1
_M

IS
O

HRTIM_CHB2

PB
4

56

PC6

8
PC0

GPIO_2/COMP_2_OUT/GP_PWM_2

A_GND

100pF

TP13

R28
10

57
PB

6
58

39PC9
40

VDDA

AD
C

2_
IN

11
/O

PA
M

P2
_V

IN
M 2

47
0n

F
2

DA2

8MHz HC49/US

PWM_2

A_GND

22pF

10

DA108S1

TP2

D3

I/O
 1

2 10 HRTIM Outputs on STM32F334
TP11

5

A_GND

29

PB
11

30

USART1_TX

PC14/OSC32_IN4

C28

ADC_6/OP-AMP_1-

GND

J7

10
uF

C
16

1

HRTIM_CHD1PWM_7

SMBus_SMBA/SPI_MOSII2
C

1_
SC

L/
U

SA
R

T3
_R

X/
C

AN
_R

X

TP27

U4

TP1

TP18 ADC12_IN8 8

GND CON
Stripline male 2x1 2.54mm

PA11
44

VDDA/VREF+

+5V

31

2

HRTIM_CHA1

GPIO_1/COMP_3_OUT/GP_PWM_1/EEV_4

I2
C

1_
SM

BA
/S

PI
1_

M
O

SI

VDDA

GND

GND

A_GND

35PB15
36

R
EF

1
1

+

PC1
9

+3.3V

GPIO_6/DAC_2/SPI_SCLK
GPIO_7/DAC_3/OP-AMP_1_OUT

GPIO_8/EEV_2
GPIO_9/EEV_3/SPI_MISO

GPIO_10/DAC_4

1
2

A_GND

HRTIM_EEV2

I/O
 1

2

VD
D

_4
19

PC
4

PA13

NRST

1

HRTIM_CHE2

ADC1_IN3

TP32

ADC_7/COMP_2_INM

ADC_9

TP37

5
R

EF
4

+3.3V

DA108S1

+3.3V

C24

100pF

TP20

GND

C5

C
O

M
P2

_I
N

P/
AD

C
2_

IN
4

TP16

R15

COMP4_OUT/TIM3_CH4

HRTIM_EEV1

TP25

COMP6_OUT/TIM3_CH1/TIM1_CH3N/HRTIM_EEV10

I2C1_SCL/USART3_RX/CAN_RX

HRTIM_FLT5

ADC_1/DIFF_ADC_1+

ADC_2/DIFF_ADC_1-/OP-AMP_2+

ADC_3/DIFF_ADC_2+/OP-AMP_2_OUT/COMP_1_NM

C
17

100

ADC12_IN7

+3.3V

48
VDD_3

4.7k

BO
O

T0
60

+

17

PA
4

VDDA

ADC12_IN8
AD

C
1_

IN
4

MCU_USART_RX

PWM_10

D
AC

1_
O

U
T2

/S
PI

1_
SC

LK
2

C14

2

GND

2

10

PC3
11

COMP2_INP/ADC2_IN4

H
R

TI
M

_E
EV

2

FAULT_LED

I/O
 4

6

HRTIM_CHC1

PB
5

Note: Keep ADC traces as short as 
possible to connector P1

GND

SWD - USER COMMUNICATION

COMP_3_INP

2
PC13

I2C1_SMBA

PWM_3

VDDA

C25

1

PB
8

61

TP28

R23

TI
M

3_
ET

R

PC8

DA108S1

EXT SUPPLY

R32

C7

C15

R19

TP23OSC-IN

H
R

TI
M

_S
C

O
U

T

D
AC

1_
O

U
T1

/S
PI

1_
N

SS

R
EF

1
1

HRTIM_CHE1

6

100pF

C21

I2C1_SCL/USART3_RX/CAN_RX

ADC_10

ADC1_IN4

VDDA

MCU_USART_TX

100nF

R34

10

R
EF

2

PWM_6

I2C1_SDA/USART3_TX/CAN_TX

TP26

R26
10

TP30

TP4

SW
C

LK

ADC2_IN12

7

R
EF

1
1

R33
10

LD1117

1
GND

VSS_3
47

4th DAC channel not available

BAR43S

+3.3V
A_VDD

I2C1_SMBA/SPI1_MOSI

HRTIM_CHA1

A_GND

ST
AT

U
S_

LE
D

GND

C
O

M
P6

_I
N

P

SMBus_SCL/UI_USART_RX

20

PA
5

1

C
O

M
P4

_O
U

T/
TI

M
3_

C
H

4 2
C

O
M

P4
_I

N
P/

AD
C

1_
IN

11
/O

PA
M

P2
_V

IN
2P 6

PB
10

PC15/OSC32_OUT5

VDDA

14

PA1

TP12

DA3

+ C11

I/O
 1

2

PB
2

28

J3

R
EF

2

GND

2
VOUT

TP14

I/O
 3

4

2

HRTIM_CHA2

TP6

10

PA12
45

TP10

TP15R24
10

13

GND

TP24

DA1

5

54

4.7k

4

GND

U
SA

R
T1

_T
X

2

0

R18

D2

C6

SWDIO

C22

100pF

HRTIM_CHC1

10

AD
C

2_
IN

12

HRTIM_CHD2
D

AC
2_

O
U

T1
U

SA
R

T1
_R

X

100pF

C27

SWCLK

C13

86

I/O
 4

6
R

EF
3

2

SWD/COM

16

GND

C18

PA
3

CAN_TX

SWDIO

OSC-OUT

PA8
41

ADC_5

PWM_9

I2C1_SCL/USART3_RX/CAN_RX

TP33

+3.3V

18

100pF

R22
10

GND

49
PA

15

HRTIM_CHB1

D1

A_GND

FAULT_1

GPIO_3/COMP_1_OUT/FAULT_2
GPIO_4/EEV_1

11V
D

D
_

64

PA
6

22

HRTIM_CHA2

1

GND

D
B

3916 - R
ev 2

page 4/13

STEVA
L-D

PSTPFC
1

Schem
atic diagram

s 



Figure 4. STEVAL-DPS334M1 circuit schematic (2 of 3)
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Figure 5. STEVAL-DPS334M1 circuit schematic (3 of 3)
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Figure 6. STEVAL-DPSADP01 circuit schematic
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Figure 7. STEVAL-DPSTPFC0 circuit schematic (1 of 4)
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Figure 8. STEVAL-DPSTPFC0 circuit schematic (2 of 4)
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Figure 9. STEVAL-DPSTPFC0 circuit schematic (3 of 4)
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Figure 10. STEVAL-DPSTPFC0 circuit schematic (4 of 4)

C93

8

10nF

+VIN

10nF
10nF

3
INH

C118

5V_SCR1

220uF/63V

5
OUT

3
OUT

C133

5V_DC

+

22uF/16V

C107

GND_DC

C120

C131
NC

60R

2

L5

+

C105

33uF/25V

C88

33uF/25V

D18

C94

C117

U11

L8

D15

C95

C104

5

12V_DC

10nF

4
BYP

2

39 mH

2A
R94

U15

100nF
A_GND

C85

STTH1R06A

C130
4.7nF
Y2

20V_S2

C91

R90

1mH

10uF/450V

Y2

STPS1150A

3

C110

+

viper26LD

+

C108

T1

1nF

STTH112UFY

C48
NC

GND_DC

C126

-

-VIN

-Vout

0V
6

IN
1

100nF

R89

1.5KE400A

2 3V3_A

1

+VIN

7

MGJ2D122005SC

20V_S1

47 R / 5W

N1

DZ2W03300L

C114
10nF

C92

C125

C119

+

D
R

A
IN

L9

100uF/16V

U13

Y2

GND_SCR1

C102

C116

+

C100

D14

100nF

4.7uF

A_GND

D17

5V_A

2

-3V_S21

1

C17

Y2
150pF

C97

60R
G

N
D

12V_DC

L1

C98

SI
O

V6

C123

STPS1150A
IN

1

1k

U12

LI
M

14D911K

1

60R

C96

L12

4.7uF

C103

12V_DC

100nF

C121

2A

LD2985BM33R

C101

DZ2

33uF/25V

U10

3.9k

10nF

4.7uF

VDD

FB

C111

6

C84

-3V_S1

C115

5

R84

100nF

-

38k3

39 mH

TL432

LTV-817

C124

100nF10nF D19

60R

SIOV7

+

G
N

D
2

R82

N1

N1

4

5

G
N

D
2

10nF

2A

22uF/16V

R95

-

GND_DCMGJ2D122005SC

C90

100nF

220uF/25V

GND_S1

C113

60R

myrra74010

D13

Y2

STPS1150A

R86

9

L11

4.7nF

22uF/25V

C99

DZ2W03300L

+

2.2uF/35V

R85

L13

C87

+

C109

D16

C106

+

1,5mF/16V

R83

-

L7

+Vout

GND_DC

10nF

N1

U9

U16

L78M05ABDT

3
OUT

GND_DC

5V_DC

60R

33uF/25V

C
O

M
P

GND_DC

4.7uF

C122

100k

10k

R87

10nF

Power supply

7

R93

C128

22uF/25V

G
N

D
2

U14

60R

C47
NC

-

100nF

100nF

L6

2A

-

5V_SCR2

7

10uF/450V

L78M05ABDT

IN
1

3

3V3_DC

GND_SCR2

3V3_DC

100nF

R88

+Vout

-VIN

-Vout

0V
6

U

C112

NC

C83
C16

Y2

22uF/16V

Y2
4.7nF

100nF

R107

S1
4K

38
5/

EP
C

R96

60R

100nF

D
B

3916 - R
ev 2

page 11/13

STEVA
L-D

PSTPFC
1

Schem
atic diagram

s 



Revision history

Table 2. Document revision history

Date Version Changes

03-May-2019 1 Initial release.

11-Dec-2020 2

Updated cover page image, features, description and product summary table.

Updated Section  1  Electrical characteristics.

Added Section  2  Schematic diagrams.

STEVAL-DPSTPFC1

DB3916 - Rev 2 page 12/13



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

STEVAL-DPSTPFC1

DB3916 - Rev 2 page 13/13

http://www.st.com/trademarks

	Product summary
	Features
	Applications
	Description
	1 Electrical characteristics
	2 Schematic diagrams
	Revision history



