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Data brief

15 kW, three-phase Vienna rectifier with low cost mixed-signal control for power

Product summary

15 kW, 3-phase
Vienna rectifier for
PFC

Firmware for 15 kW,
3-phase Vienna
rectifier

digital controller for
power conversion
with up to 6 prog.
PWM generators,
96 MHz PLL

SiC Power
MOSFET 650 V, 45
A, 55 mQ in HiP247
package

1200 V, 20 A High
surge Silicon
Carbide Power
Schottky Diode

galvanically isolated
4 A single gate
driver

energy saving 12W
high voltage
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factor correction

Features

*  3-phase, 3-level AC/DC power converter
— Rated nominal output DC voltage: 800 Vpc
— Rated nominal input AC voltage: 400 Vac at 50 Hz
—  Nominal output power AC/DC: 15 kW
—  Power factor, PF>0.99
— Inrush current control and soft start-up
—  THD lower than 5% at nominal operation
*  Power section based on SiC MOSFETs and diodes:
—  High frequency operation (70 kHz)
— High peak efficiency greater than 98%
—  Passive element weight and size reduction
»  Control section based on programmable STNRG388A digital controller
—  Low cost mixed-signal control
»  Overcurrent and overvoltage protections

Description

This reference design represents a complete solution for high power three-phase
AC/DC rectifier applications based on the Vienna topology. It features mixed-signal
control, with the STNRG388A controller providing digital output voltage regulation,
and dedicated analog circuitry providing high bandwidth continuous conduction mode
(CCM) current regulation for maximum power quality in terms of total harmonic
distortion (THD) and power factor (PF).

The high switching frequency of the SiC MOSFETs (70 kHz) and the multilevel
structure allow 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
requiring very high PF and low THD.
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For further information contact your local STMicroelectronics sales office.
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Vienna rectifier with mixed mode control reference design overview

1 Vienna rectifier with mixed mode control reference design overview

This reference design consists of the following separate components:
. Power board with power section, EMI filter, sensing circuit, inrush circuit and auxiliary power supply.

. Control board based on the STNRG388A 8-bit digital controller for power conversion applications, along 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 control section allows analog implementation of CCM current regulation for
power factor correction, while the bus voltage is regulated through digital control.

The STNRG388A provides comprehensive control of the application currents and voltages as well as monitoring
and protection, plus the start-up sequence and load variation control. The driving signals of the switching devices

are determined by an internal State Machine Event Driven (SMED), ensuring that time critical tasks are never
interrupted.

Figure 1. 3-phase mixed-signal rectifier block diagram
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Figure 2. STDES-VIENNARECT schematic diagram - control board
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Figure 3. STDES-VIENNARECT schematic diagram - power board: AC current sensing
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Figure 4. STDES-VIENNARECT schematic diagram - power board: AC voltage sensing
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Figure 5. STDES-VIENNARECT schematic diagram - power board: temp control
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Figure 6. STDES-VIENNARECT schematic diagram - power board: connectors

+3.3__>——0VDD_33V
VDD_5VO—< 5V

VDD_12Vo—<NULL_1
NULL_2[——>—0VOD_7V

PWM_INP_Q1 PwM_1 SMBus_SDA
PWMINP-Q2 PN 3 V>
PWM_INP_Q3 PWM5 FAULT 1

FAN $p—<_JGPIO_2/COMP_2_OUTIGP_PWM_2
2VD_Cyy—<JoPIO_4/EEV_1

Pl
GPIO_7/DAC_3/0P-AMP_1_OUTISPI_MISO

3.3V iso n B
USART_TX N 28 2B <] USART RX
NULL 1> 3 3 < NULL 2

CAN_TX n o CAN_RX GND_iso
SMBus_SCL 3 58 |2 "SMBUS_SMBA

GPIO_2ICOMP_2_ OUTIGR | PWN2
) JEEV_1

v L
GPIO wcow 3_OUTIGP_PWM_" wssv:l =

wia
PWM6
PWN8
PWN_10

WM_12
GPIO3/COMP_1_OUT/FAULT_2

10_¢ 5/DAc 1/COMP 4

2VD_BY)—<_JGPIO_S/DAC_1/COMP_4 GPI0_OEEV. 3 >
2VD_AYy—<_JGPIO_TIDAC_3/OP-AMP_1_OUTISPI_MISO
ViineC.8 Yp—<_JADC_1/DIFF_ADC_t+
Vine8.S Y)—<_JADC_2/DIFF_ADC_1-/OP-AMP_2+
VineA. Yy—<_JADC_3IDIFF_ADC_2+/0P-AMP_2_OUT
Oout >——<JADC_4/DIFF_ADC_2-/0P-AMP_2-
V_bus_up Y—<__]0C.5
VV_bus_down Yy—<_JADC_6IOP-AMP_1-
OinA_LEMY)—<COMP_2/ADC_12/0P-AMP_1+
OinB_LEMyY—<JADC_7
0inC_LEMY»—<JADC &
TEMPY>—<_OC 9

ADC_1/DIFF_ADC_1+
ADC_2/DIFF_ADC_1-/OP-AMP_2+

ADC_3/DIFF_ADC_2+/OP-AMP_2_OUT

"ADC_4/DIFF_ADC_2-/OP- AMP z

0P AME 1
COMP_2/ADC_12/0P-AMP_1+
ADC7

ADC8

ADC_9

ADC_10

COMP_1/ADC_11/SPI_MOS!
COMP_3

Digtal Power Connector

GPIO_6/DAC_2ISPI_SCLK
GPIO_8/EEV 2
GPIO_10/DAC_4

GPIO_9/EEV_3APF >

CONNECTOR ADAPTER 64to40pins

+3.3VADP [_>——0VDD_3.3VADP
VDD_SVADP 0——<__+5VADP

VDD_12VADP 0—<__JNULL_1ADP
NULL_2ADP [——>——OVDD_TVADP

PWM_INP_Q1ADP 1_1ADP
PWM_INP_G2ADP I_3ADP
PWN_INPZQ3ADP I_5ADP.

FANADPY)—<JGPI0_2/COMP_2_OUTIGP_PWM_2ADP

ZVD_CADP $y—<_JGPIO_4/EEV_1ADP
ZVD_BADP)—<_J5PIO_5IDAC_1/COMP_4ADP

ZVD_AADPY»—<JGPIO_7IDAC_3/OP-AMP_1_OUTISPI MISOADP

VineC.SADP Yp——<__JADC_1IDIFF_ADC_1+ADP
A_VDDADP ViineB.SADPY)—<_ADC_2IDIFF_ADC_1-/OP-AMP_2+ADP
ViineA SADFY>—<__ADC_3/DIFF_ADC_2+/0P-AMP_2_OUTADP
OouthDPYY—<_ADC_4/DIFF_ADC_2-/0P-AMP_2-ADP
V_bus_upADPY»—<__ADC_SADP
V_bus_downADPY»—<_DC_6/0P-AMP_1-ADP

OinA_LEMADIS)—<COMP_2/ADG_12(0P-AMP_1+ADP.

P2
A B
3.3V S0ADP [ >
USART_TXADP} Al A e e — Ty
NULL_1ADP AlSa 38 H&uug;\w p
oA A3 s RxADE . GND_isoADP
SMBus_SCLA| : A 58 gg SMBUs_SMBAADP
SMBus SO 2 on o
+5VADF > 7A +3.3vADP
AT 1 Al PO IGO0 3 OUTIGP PUNLVEE) Db
PWM1 Al gn PWM_2ADP —
PWN: AL T0A PWM_4ADP
PN 1A PWM_6ADP
PN 7/ 128 1 8ADI
PWM 13A PV 10ADP
PG PN THPOS WM MRS i 1A e
Fhi el o 10_2/00MP_2 OUTIGR. PU i GPIO_3/COMP_1_OUT/FAULT_2ADP
PIO_S/DAC_1/COMP 1A 178 GPIO_6/DAC_2/SPI_SCLKADP -4
GPIO_7/DAC_3/0P-AMP_1_OUT/SPI_MISOA] 18A GPIO_8/EEV 2ADP
o] oA GPIO_10/DAC_4ADP
1/DIFF_ADC_1+A| 208
ADC_2IDIFF_ADG_1-/OP-AMP_2+ADH 21A
ADC_3IDIFF_ADC_2+0P-AMP_2 OUTAPP—S 28
'ADC_4/DIFF_ ADC_2-/0P-ANP_2-AllP N
244
OP-AWP 1-APP—S 5A
COMP_2/ADC_12I0P-AMP_1+fDP > oA
ADC_7ADP > 27A
\DC_¢ 8A
ADC_9A N
\DC 30A
COMP_1/ADC_11/SPI MOS! 1A
324
Digial Power Connector

OinB_LEMADRS)—<_JADC_7ADP
OinC_LEMADRy)—<_JADC_8ADP
TEMPADPY>—<_JADC_8ADP

PWM_INP_Q1ADP 1
W INP_ Q2ADP 3
PWMLINP Q3ADP )
VDD_7VADP
50

VDD_3.3VADP

f-e——OVDD_5VADP

S ovop_12vapp

ViineC SADP
OP

. bus uDADP

V_bi

AP

CON40A

[
z

ViineB.SADP
BADP

ViineA SADP
AADP

32VD_

OoutADF
V_bus_upADP.
'V_bus_downADP.

sweubelp sijewayoss

1D3¥VNN3IA-S3ALS



(=)
w
B
o
=
w
'

A
®

<

N

G1/6 obed

Figure 7. STDES-VIENNARECT schematic diagram - power board: DC current sensing

VDD_5V
F24
VoSV = 300hm@100MHz
o~
F25 RS
300hm@100MHz R127 c81
LEM4 cpe 100nF/16V
10k )
LTSR 15-NP NM. pFi2A
7 R128 ™™ = =
5v Ref —/\/\/—"I- <l Ursa o
8 3 +
oo cps—— 0 out 4
1gonF/1 T R12910k B .
1uF/25) caoBEE -
= = 222333 R134 0
T TEV914IDT oot
P46 N.M.
10k =
BUS_N_QUT Y1 b (BUSN Ri37
TestRoint_Ring
= 10k
VDD_5V
P47
Testfoint_Ring
o R140
B
14 OVDD_DC2.5V
0 ce6
85 TSV914IDT NM.

100nF/1§V

i

TP44

TestRoint_Ring

R132
5k

TP45

TestRoint_Ring
R133

TSVO14IDT

VDD_DC2.5V

R135
30k

t—10

TP48

Testioint_Ring

K oout

sweubelp sijewayoss

1D3¥VNN3IA-S3ALS



o
w
H
o
3
w
'

A
@

<

-

SL/0} abed

Figure 8. STDES-VIENNARECT schematic diagram - power board: DC voltage sensing
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Figure 9. STDES-VIENNARECT schematic diagram - power board: input EMI filter
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Figure 10. STDES-VIENNARECT schematic diagram - power board: gate drivers (x6)
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Figure 12. STDES-VIENNARECT schematic diagram - power board: aux power DC/DC
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Figure 13. STDES-VIENNARECT schematic diagram - power board: aux power VIPER
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Revision history
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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.

© 2019 STMicroelectronics — All rights reserved
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