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Data brief

15 kW, three-phase, three-level active front end (AFE) bidirectional converter for
industrial and electric vehicle DC fast charging applications

Features

. 3-phase, 3-level bidirectional AC-DC power converter:
- Rated nominal DC voltage: 800 Vp¢
- Rated nominal AC voltage: 400 V¢ at 50 Hz
- Nominal power: 15 kW
. AC to DC rectifier mode:
- Power factor: PF >0.99
- Inrush current control and soft startup
. DC to AC inverter mode:
- Active and reactive power control

- Integrated grid connection solution
Fully assembled board developed for| . Power section based on SiC MOSFETSs:
performance evaluation only, - High frequency operation (100 kHz)
- High efficiency: >98%

} - Passive element weight and size reduction

. Control section based on STM32G474RET3 microcontroller:
- P2P compatible with different power converters solutions
- Four integrated high-performance op-amps
- Control and monitoring interfaces: SWD, UART, I12C, DACs
- 64-pin digital power connector
- Overcurrent and overvoltage protection

Description

15 kW, 3-level, This reference design represents a complete solution for three-phase AC/DC and
gi-gi':zsﬁonal STDES-PFCBIDIR DC/AC (800 Vpc to 400 Vac) applications based on a digital platform optimized for

power conversion.

It is well suited for the Active Front End (AFE) stage in high power charging stations,
industrial battery chargers and UPS. The high switching frequency of the SiC

converter

Firmware for
active front end

(AFE) MOSFETs and the multilevel structure allow nearly 99% efficiency as well as the
bidirectional optimization of passive power components in terms of size and cost.

converter for STSW-PFCBIDIR The STDES-PFCBIDIR is a fully assembled kit developed for performance evaluation
industrial and only, not available for sale.

electric vehicle

DC fast charging

applications

Mainstream Arm
Cortex-M4 core
with DSP and
FPU, 170MHz
with 512Kbytes
of Flash STM32G474RET3
memory, Math
Accelerator, HR
Timer, High
Analog level
integration
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For further information, contact your local STMicroelectronics sales office.


https://www.st.com/en/product/STM32G474RET3?ecmp=tt9470_gl_link_feb2019&rt=db&id=DB4071
https://www.st.com/en/product/stdes-pfcbidir?ecmp=tt9470_gl_link_feb2019&rt=db&id=DB4071
https://www.st.com/en/product/stdes-pfcbidir?ecmp=tt9470_gl_link_feb2019&rt=db&id=DB4071
https://www.st.com/en/product/stsw-pfcbidir?ecmp=tt9470_gl_link_feb2019&rt=db&id=DB4071
https://www.st.com/en/product/stm32g474re?ecmp=tt9470_gl_link_feb2019&rt=db&id=DB4071
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Product summary

SiC Power
MOSFET 650V,
45 A, 55 mQin
HiP247 package

SCTW35N65G2V

Automotive-
grade SiC Power
MOSFET 1200
V, 33 A, 75 mQ
in HiP247
package

SCTW40N120G2VAG

Galvanically
isolated 4 A
single gate
driver

STGAP2SM

Fixed frequency

VIPer plus family VIPER26HD

PFC Converter - Three
Phase Input

DC Fast Charging
Station

Applications
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‘_ STDES-PFCBIDIR
,’ Bidirectional converter reference design overview

1 Bidirectional converter reference design overview

This reference design consists of the following separate components:

. A board with the power converter, LCL filter, sensing circuit, inrush circuit, grid connection management
circuit and on-board auxiliary power supply.
. A control module based on the STM32G4 Series microcontroller with connectors for communication and

test-points and status indicators for testing and debugging.

The input and output current and voltage measurements necessary for responsive control are acquired through
isolated measurement blocks, and the STM32 microcontroller manages connection and disconnection with the
AC electrical network, as well as load and source DC management in either inverter or rectifier mode.

The driving signals for the switching devices are managed by corresponding STGAP2S gate drivers to ensure
independent management of switching frequencies and dead time.

The hardware math accelerator in the MCU boosts the trigonometric operations of the voltage oriented control
(VOC) algorithm, allowing the power converter to achieve very high power quality.

Figure 1. Bidirectional converter block diagram
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Schematic diagrams

Figure 2. STDES-PFCBIDIR schematic diagram - control board

—

o)

-Refer to datasheet for PCB orientation of the LED1
-Solder a 22uF / 10V electrolytic capacitor in parallel to C133
-32A-28A | 31A-27A | 30A-26A of P1 connector must be shorted.
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Figure 3. STDES-PFCBIDIR schematic diagram - power board: AC current sensing
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Figure 4. STDES-PFCBIDIR schematic diagram - power board: AC voltage sensing
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Figure 5. STDES-PFCBIDIR schematic diagram - power board: aux power DC-DC
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Figure 6. STDES-PFCBIDIR schematic diagram - power board: aux power VIPER
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Figure 8. STDES-PFCBIDIR schematic diagram - power board: DC current sensing
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Figure 9. STDES-PFCBIDIR schematic diagram - power board: DC voltage sensing

BUS_P 5V_MEAS_DC
N VDD_5V
A
VDD_sV
PS5
Ri24
b F29 F30 - TPE6
300hm@100MHz
@ TesHont_Ring 300hm@100MHz F31
300hm@100MHz
R125 TestHoint_Ring
N
™ =
GND_MEAS_DC T
P67 co9 )| | cro1 c102 — L
1uFI25 @728 1000F/18V  1pge c103 | ct04
R126 - Ri27 100nFIBY-1UF/25V
™ = s 16.9k0.1% P69 70
Testoint_Rig GND_MEAS DC . = =
~ — 2 voo1 vopz |2 128 Test °'"LR'"9R‘29 U198
VINP VOUTP 5—————————— . .
2 VINN VOUTN g N TestHoint_Ring, TestHoint_Ring
GND1 GND2 o 10.5k0.1% 2 &
- V_bus_uj
€105 R130 AMC1301DWVR g hee
100nF/16V 1.6k Rl R133 R134 !
3 T4ve12IDT Tsvet2iDT M.
0 10.5k0.1%
GND_MEAS_DC
16k
v g 16.9 0.1
GND_MEAS_DC TestPoint_Ring Sk 0.1%
BUS_N 5V_MEAS_DC
A VDD_5V
N
VDD_5V
P72
R137
" F32 F33 TP73
300hm@100MHz
@ TosFon_ing 300hm@100MHz F34
300hm@100MHz '
R138 TestHoint_Ring
™ =
GND_MEAS_DC
P74 c108 - - c110 o =
1UF125) 100nF/16V
4701251
R139 P75 R140
™ = u20 TestPoint_Ring 16.9 0.1%
TestHoint_Rixg GND MEAS DC ; o =
- — > VDD1 VDD2 [
¥ VINP VOUTP 5 143 o
3 Y;'&‘Bﬁ vg%g 5 B 3 U218 Testffoint Bing;  TestFoint_Ring
0 /o
c114 R141 AMC1301DWVR 105K0.1% K V_bus_down
1.6k -
100nF/16V Rids R146 R147
= = 0 10.5k0.1%
GND_MEAS_DC
1.6k - -
= 78
GND_MEAS_DC TestPoint_Ring 16.90.1%
VDD_5V
5V_MEAS_DC
JP8 F35 36 - 5V_MEAS_CURR_DC
CENTRS)ALIS C 2 300hm@100MHz
u22 300hm@100MHz P9
Jp_pcb o
1 7 1 & 2 1 2
— Ena Vi Vo Ens G
GND_MEAS_DC o OnF/16Y R s OnFABY (100 Jp peb
1UF125) Vi Vo WISV ypyg
DCHO105055N7 1 2

= Jp_pdl =
GND_MEAS_DC GND_MEAS CURR DC

sweubelp sijewayoss

AldIg04d-s3dls



(=)
w
B
o
~
-
'

)
()

<

w

9l/L1 obed

Figure 10.

2 1
s
an
st

T g
oL

e 3
o
o=
225 N
oo oL@ )2
i "

o s
Teaws R
o | om | ow
T peev R oo
of
o
oot .
w5 TavemGse el
+vour| 2 4 w0_s0_a1
‘Com
-vou
e
N 9|
Rzvz0s0 cst
E om o
e 7B G508 | o= L L
- 4 | sy |wesov romeasy
oo O ra .
- o
oo wn N
A M C e Tt Ring
L
LE0RED w5
. . vt
s

oo Rz

s o1y

0

e

2,

J:m

H
HH

STDES-PFCBIDIR schematic diagram - power board: gate drivers (x12)

A gy
il L

% o
P ot pe I Y s
v e
L ot
Voo paveR > LI e
. e nom o0 anoisd [
. e s
3 IN+ -
o o T iy -
o o 3 o e g 5
2 n con| . G st
N == ol “
h . gwon b
] o A e
e e
- - - o Ao
P
= < cim
= om =
o csn
of
oo so.an

sweubelp sijewayoss

AldIg04d-s3dls



o
o
ey
=)
S
-
.
A
o
<
w

91/z| abed

Figure 11. STDES-PFCBIDIR schematic diagram - power board: grid voltage sensing
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Figure 12. STDES-PFCBIDIR schematic diagram - power board: power section
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Figure 13. STDES-PFCBIDIR schematic diagram - power board: active inrush current and AC grid connection management

voD_12v

Rass
1«

0%
¥ leore
voo_izv o [§

4<(COIL_RELAY_A

y
RELAY.OUT A Y

T rena

250Vac-16A

COIL_RELAY_A3)

stsonzov KoPio_RELAY A

e

b

oz

LEoreD

von_2v
COlL_RELAY.GRD N
»

o

K GPIO_GRID_RELAY N

voo_izv voo_12v
Rass Ras6
* *
< <
085 og7
¥ (eoren ¥ eoreD
o T oo e
RELAY.8 ReLar.c REALIA - ReLAY OUT A
_RELAY_ -RELAY. RT
(ReLAY oUT B CRELAY_OUT G (< ne_ A N_LEW
RELAY OUT 8 ) RELAY_OUT_C 1506w <V _ine_BIN_LEM
LAy NG
(rene (eI Vi G IN LEM
250Vac-16A 250%ac-16A RELAY INB  ReLay OUT B
M v
RTS
COIL_RELAY G
1506w
COILRELAYB)) Ra5722 RELA NG ReLAY OUT o
sTsonFzov KoeroRetar.c W Y
o R360
STSBNF0V 1«
506w
o101
LeoReD
d
oo_12v Voo 12
voo_2v s
voo_izv
R368 420 VDD_12v
voo_izv * Gony o
o 1

Dios
LEDRED

COIL_RELAY_GRID.C
COIL_RELAY_GRID_B )
COIL_RELAY GRID A )

a2
Rart

{GPIO_GRID_RELAY B STSANF20V
( GPI0_GRID_RELAY_A 7o
Rare w
«

o110
D108 LEDRED
LED RED

K GPI0_GRID_RELAY_C
R3B0
1«

ot
LEDRED

sweubelp sijewayoss

AldIg04d-s3dls



Figure 14. STDES-PFCBIDIR schematic diagram - power board: temp control
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Revision history
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IMPORTANT NOTICE — 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.
In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and

ST, the provisions of such contractual arrangement shall prevail.

The 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.

The 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
the 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.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

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.

© 2025 STMicroelectronics — All rights reserved

DB4071 - Rev 3 page 16/16



http://www.st.com/trademarks

	STDES-PFCBIDIR
	Cover image
	Product summary
	Features
	Description
	1 Bidirectional converter reference design overview
	2 Schematic diagrams
	Revision history

