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Charging an Electrical Vehicle
AC, DC and Wireless Chargers

On-Board Charger + “AC Charger”

Wireless Charging T

Charging inductor

Advantages of DC Chargers:

v' Charging power not limited to OBC - short charging times.
‘— v" No extra volume and weight inside the car.

d /4

v et v Does not require same reliability level of OBC - lower cost per kW



DC Charger

System Concept

1o DC Link Ty

_..-.uuiii'h;- N o— DC AC DC e -
N _/

Isolated DC/DC

Parameter Value

Input voltage

DC Link Voltage
Nominal Power

400..1000 V
11..100 kW

200..500 V. for 400 V. Batteries
500..900 V. for 800 V. Batteries

Output Voltage

Lys
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1200 Genl
Vys=20V

Package

SIC MOSFETs Gen 1

HiP247 SCT50N120
HiP247/LL SCTWAS50N120
0.052 65 H2PAK-7 SCTH50N120-7
HiP247-4 SCTWAS50N120-4 (Q2°20)
HiP247 SCT30N120
0.08 40 HiP247/LL SCTWA30N120
H2PAK-2 SCT30N120H
0.169 20 HII_IITE);ZI;L SCT20N120, SCT20N120AG
HOPAK—2 SCTWAZ20N120, SCT20N120H
HiP247 SCT10N120
0.52 12 HiP247LL SCTWA10N120
H2PAK-2 SCT10N120H

‘Yl \

HiP-247 (STD & LL) ™

J
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4 )
H2PAK
\_ 2and 7leads /

HiP-247 rated at 200°C T] max

H2PAK-7 (with kelvin source) SMD option (175°C Tj max)




SiC MOSFET

Rps(on) typ

Package
@ 18V, 25°C [mQ] g
HiP247 SCTWO0N65G2V
18 90 H2PAK-7 SCTHION65G2V-7
HiP247-4L SCTWA9ON6E5G2V-4
H2PAK-7 SCTH100N65G2-7AG
23 100 HiP247 SCTW100N65G2AG
650 Bare die SCT100N65G2D2AG
55 45 H2PAK-7 SCTH35N65G2V-7AG
HiP247 SCTW35N65G2V
55 45 H2PAK-7 SCTH35N65G2V-7
HiP247-4 SCTW35N65G2V-4
HiP247 SCTW70N120G2V
22 80 HiP247-4 SCTWA70N120G2V-4
H2PAK-7 SCTH70N120G2V-7
H2PAK-7 SCTH100N120G2-AG
30 80 HiP247 SCTW100N120G2AG
dice SCT100N120G2D2AG
H2PAK-7 SCTH60N120G2-7
40 60 HiP247-4 SCTWAG0N120G2V-4
1200 HiP247 SCTW60N120G2V
45 50 H2PAK-7 SCTHE0N120G2-AG
HiP247 SCTW60N120G2AG
. SCTH40N120G2V
70 45 ol SCTWA40N120G2V-4
SCTW40N120G2V-7
- 20 H2PAK-7 SCTH40N120G2V7AG
HiP247 SCTW40N120G2VAG

Lys
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ﬁf SIC MOSFET Gen 2 — Planned Portfolio

. Automotive Grade

Packages

T max=200°C

j.max

HIP247 long leads

iPp- ™
\ HiP-247 (STD & LL) ™ )

SMD

H2PAK
\ 2 and 7 leads )

Kelvin Source + T, ,,,=200°C
_3;-):_ Vs TO247-4
.J_

JL
Heboin

W=l ‘I‘ll.?

L+—




650V SIC Diode Portfollo gy

______________________________________

. High Surge Capability

TO247 TO-220 TO-2201 D?PAK  DPAK

° ° °

40A | STPSC40065C | ®

20A STPSC20065 |®© ® STPSC20H065C | ®

STPSC16H065 ® i PowerFLAT™ 8x8 HV

— 16A STPSC16H065C
< o
= STPSC12H065
> 1
< 12A STPSC12065 STPSC12H065C

10A | STPSC10065 ! STPSC10H065 e o

1 STPSC8HO065 e oo® !

8A STPSCS8065 T PSCRHOBEC !

6A i STPSC6HO065 e oo

AN | STPSC4H065 e oo

Lys
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1200V SIC Portfolio
from 2A to 40A

DFAK HV 2L

TO-220AC

Samples
Part number Available
10us Vr=1200V
25°C 150°C
105

DPAK HV
TO-247 LL

STPSC2H12 2A 1.5 2.25 15 80 15.6 '
STPSC5H12 5A 1.5 2.25 210 35 200 36 )
STPSC6H12 6A 1.9 2.6 100 36 1500 29 v
STPSC10H12 10A 420 71 400 57 v
STPSC15H12 15A 1.5 2.25 630 105 600 94 v
STPSC20H12 20A 700 140 800 129 v
STPSC10H12C 2x5A 210 35 200 36 v
STPSC20H12C | 2x10A 420 71 400 57 v
1.5 2.25
STPSC30H12C | 2x15A 630 105 600 94 v
STPSC40H12C | 2x20A 700 140 800 129 v

"l - In Production
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Developed to drive SiC & Si Power MOSFETS,
IGBT High Power applications

Product family:
» STGAP2D - 2-Channel, 1.7 kV isolation
» STGAP2S — 1-Channel, 1.7 kV isolation

To come soon (samples available)
» STGAP2HS — 1-Channel, 6 kV isolation

» STGAPZ2SICS — 1-Channel, 6 kV isolation, increased UVLO*
*under voltage lock-out

* 4A current capability

« Upto 26V supply voltage

* Bestin class for propagation delay 80 ns

« Common mode transient immunity CMTI >100 V/ns

Associated Reference boards:
‘— EVALSTGAP2DM
Y/ EVALSTGAP2SM

life.augmented EVALSTGAP2SCM

STGAP2S /ISTGAP2D

Galvanic isolated 4 A Single & Dual channel gate drivers

vDD

| 1 A
wio | | : | g
VH Floating Wﬁ: E

| Section || Level

Control i | shifter
Logic |

..........................

- ZO0— AP OW — —-

GND L[

Foating ground

1 GON

1 GOFF

] GNDISO

SO-8N SO-8W

oy

In Production 2020

Main benefits

» Bestin Class for fast speed
* Reduced BOM thanks to embedded Isolation and
Miller Clamp feature

* Minimum footprint and lightweight
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L1o—] DC Lint
L2o—] +
LZ— AC [T
N o DC _|

3-Level 3-Phase

Example: Mod. Vienna Type 1

L3

Phase 1 1 . |
Phase 2 | | | |
Phase 3
D2+ i

b D1+ H_l T1+ v 800V
T1-

=T | 400V

-1 400V
D2- v

Ly

life.augmented

+ 650V Si Switches.

- 6 devices / phase.

AC/DC Concepts




2-Level
B-6 Bridge

Bi-directional B6

L3 L @
Gate Gate Gate
driver driver driver 800Vdc
L1 .
L2 ——
— Y\ o —
L3
———Y YL
Gate Gate Gate
driver driver driver
L & L ]

Required Semiconductor ST Solution

B6 1200V SiC MOS SCTxxN120 [Gen 1]
SCTxxN120G2V(-4) [Gen2]

Both Iso Gate Driver STGAP2S/D

"I Control pu-Controller STM32
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L1o]
L20—
L3o—]

N o—

DC Link
AC +|
DC |

Lys
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Mod. Vienna Type 1

Modified Vienna Rectifier

Topology Comparison

Phase 1 — | | Phase1 | | | |
Phase 2 | | | | Phase 2 | ‘
Phase 3 Phase 3
D2+ * —— | 400v -
L B D2_|_ -1 | 400V
— 7 . D1- D1+
L2
] D1+ 800V N N v 800V
L3 L3~ Jq
D1- 1
1+ 1
400V D2- * T | 400v
v
v v

+ All 650V rated devices

(D1&D2)

- lower cost

- lower efficiency

- 2 devices in the main current path

+ 1 devices in the main current path (D2)

9

Higher efficiency

- Need 1200V diodes (D2), typically SiC.
- Higher cost



L1o]

L2— AC
L3o—]

N o—

DC Link

-

Modified Vienna Rectifier

Device Proposal

Mod. Vienna Type 1

Phase 1

|

Phase 2

|

Phase 3

400V

800V

400V

P

hase 1

Phase 2

Phase 3

L3~

D2+ & N
D1- D1+
= =

T T

D2- =

400V

400v

800V

_ Required Semiconductor ST Solution - Required Semiconductor ST Solution

T1

D2

GD

7
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Rectifier
SCR

650V IGBT
650V SJ POWER MOSFET
650V SiC POWER MOSFET

600V FR

650V SiC Diodes

Isolated driver

Control

D

STBRxx12W
TNxx50H-12WY

STGWAXxxH65DFB2
STWxxN65M5
SCTWxxN65G2V

STTHxXxRQO06
STPSCxx065C

STGAP2S

STM32 (Digital)
STNRGPFOx (Mixed mode)

T1/D1

D2
GD

650V IGBT
650V SJ POWER MOSFET
650V SiC POWER MOSFET

1200V SiC Diode

Isolated driver

Control

STGWAXxxH65DFB2
STWxxN65M5
SCTWxxN65G2V

STPSC40H12C

STGAP2S

STM32 (Digital)
STNRGPFOx (Mixed mode)

xxX=> Current class
X = Family name



i /g Topology Comparlson
Efficiency Comparison @ P,,=20 kw

e e e et U C L B [ oo vienna Type L | Mod Vienna Type2

Phase 1 Phase 1
ez i — resez_ T | D1 STBR6012W e
) D2 & L., T1 STGWA40H65DFB-4
1. D1- D1+ STW88N65M5-4

N etk SCTW90N65G2V-4

- -1
Ll DZ.T e T _‘ D2 STPSC40065C STPSC40H12C

Peak Efficiency Type 1 —s-SicMos Peak Efficiency Type 2 —&=5iC MOS
= 5] MOS —-5) MOS
99,6 99,6
99,4 —=-IGBT 99,4 —=-IGBT
3 99,2 - 99,2
2% 990 S 990 \-
98,8 98,8
98,6 .\. 98,6
98,4 98,4
98,2 98,2
98,0 98,0
20 kHz 40 kHz 60 kHz 80 kHz 20 kHz 40 kHz 60 kHz 80 kHz
‘,’ Switching frequency [kHz] Switching Frequency [kHz]

life.augmented Simulated efficiency @ T, = 125°C, considering only semiconductor losses.




Design Board 1 - STDES-VIENNARECT =7

T-Type Rectifier

Documentation Available in this .
15 kW 3-ph PFC Converter

PFC Inductors Power Semiconductors
- 4 4
+ |Cop
i Ly |
’—@HC' ) 1fl I3
@ B
S
O
@
o
. )
@ O
= 5
= o = =] = Digital / Mixed mode
o = control
c O
E ST Solutions:
Isolated Gate
« STPSC20H12 (SiC Diode);
« STNRGPFOx (mixed mode controller, in development);

« STM32G474 (microcontroller);
« STGAP2S (Gate Driver).

D om e em w0 - P ™

Input V&l Sensih

=

Control Bofd

g



https://www.st.com/content/st_com/en/products/evaluation-tools/solution-evaluation-tools/psu-and-converter-solution-eval-boards/stdes-viennarect.html

Design Board 2 — STDES-BIDIR X

Bi-directional Active Front-End

Documentation Available in this .
' BRSO L

Y=

Click on this link for documentation:

 Full Schematic & BoM
« Gerber Files
 Firmware (under SLA?*)

* Software license agreement



https://www.st.com/en/evaluation-tools/stdes-pfcbidir.html
https://www.st.com/en/evaluation-tools/stdes-pfcbidir.html

HH

7 AC/DC Concepts

3x Independent 1-phase

Example: 3x PFC Booster
T

il
’ =
L3

la
-

Hif

+ 4 devices / phase
+ Flexible grid configuration

HVDC

GND

i ] e

- May need of 1200V SiC switches*

"I * In order to accomplish battery voltage requirements.

life.augmented




H T 3x 1-phase Topologies
Standard PFC

Booster PFC

Phase 1

Phase 2

| Phase 3

1200V SiC MOSFET

E ) D e to high DC link voltage.

Required Semiconductor ST Solution

Rectifier STBRxx12W
SCR TNxx50H-12WY
1200V SiC POWER MOSFET SCTxxN120
SCTxxN120G2V(-4) [Gen2]
1200V SiC Diodes STPSCxxH12C
r Isolated driver STGAP2S XX% Current CIaSS
,l Control STM32 (Digital) x = Family name

life.augmented STNRGPFOx (Mixed mode)



L1

L2— AC

L3o—]

o DC

DC Link

EN
[

Bridge-less Topologies
Totem Pole PFC

SiC MOSFET mandatory due high DC Votage and body diode robustness.

Var. 1 — Cost — Diode Leg

@

1 Grid

Phase 1 f
Phase 2 =| _I
CE Phase 3
S

S1

Device
S1/S2
D1/D2 1200V Rectifier
Driver
Control

Lys
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Technology
1200V SiC MOS

S2

D1

D2

ST Proposal

SCTxxN120

SCTxxN120G2V/(-4)

STBRxx12W
STGAP2S/D

STM32

Var. 2 — Performance — SiC MOS Leg

Phase 1

Phase 2

S1/S2 1200V SiC MOS SCTWxxN120
SCTxxN120G2V(-4)
S3/S4 1200V SiC MOS SCTxxN120
Driver STGAP2S/D
Control STM32

s2 (s

S4

Var. 3 — Relay-less — SCR Leg

Phase 1

=

Phase 2

1

Technology ST Proposal Technology ST Proposal

@ Phase 3
@ S1 T3
Grid

S2 T4

S1/S2 1200V SiC MOS  SCTxxN120
SCTxxN120G2V(-4)

T3/T4 1200V SCR TNxx50-12PI

Driver STGAP2S/D

Control STM32



Evaluation Board 1 - STEVAL-DPSTPFC1
3.6 kW Totem Pole PFC

Documentation Available in this )
TN3050H-12WY
oo o Key Products
}7
STGAP2S fe—
}7

TN3050H-12WY - SCR in the Bridge
SCTW35N65G2V - 650V SiC MOSFET

L INakdnhe STGAP2S - Isolated Gate Driver

STM32 - 32-bit Microcontroller)

|

. o . VIPER26LD - HV Converter Controller

= |nput AC voltage: 85VAC up to 264VAC = Compliantto :
= DC output voltage: 400VDC « EN 55015 and IEC 61000-4-11 and IEC 61000-3-3
= Switching frequency: 72 kHz « IEC 61000-4-5 surge: 4kV

Features = Maximum input curent: 16 A RMS (POUT = 3.6KW) - IEC 61000-4-4 EFTY burst : criteria A @ 4kV min
= Efficiency: > 97,5% = Design for operation with DC/DC converter

r » THD<10% » Peakinrush current tuning
,l = Remove two bulky relays and an NTC resistor thanks to
life.augmented SCRs progressive start-up



https://www.st.com/content/st_com/en/products/evaluation-tools/solution-evaluation-tools/psu-and-converter-solution-eval-boards/steval-dpstpfc1.html

VO\.I T

yALIAR DC/DC Stage Topologies _
Resonant LLC / ZVS or DAB

Dual Active Bridge (DAB) / Bi-directional LLC

Resonant LLC / Zero Voltage Switching

—9 ——===]- : —W_NVL —¢
el - L BE Bl
Lo . B3R
A | | [YY\
From By | '\ hid 7 : T T
|
AC/DC : L Ly, | : : L | TB
N N i + e
_ |1 T2 It L 1 D3‘ | 200V — soov T2 ® I )|
I : L I I 500V C
. I C, I I Battery r
' ' ' Sy
a |
BE B | F F ar Bl Bl
_ = = W I S
A *OnlyinLLC v v v - v v
Technology ST Solution Technology ST Solution
T2 1200V SiC POWER MOSFET SCTxxN120 T2 1200V SiC POWER MOSFET SCTxxN120
SCTxxN120G2V(-4) SCTxxN120G2V(-4)
D3 600V FRD STTHxxRQO06 (LLC) T3 650V SiC POWER MOSFET SCTxxN65G2V [400V Batt.]
1200V SiC Diodes STPSCxxH12C (ZVS) 1200V SiC POWER MOSFET  SCTxxN120 [800V Batt.]
"I GD Isolated Driver STGAP2S/D GD Isolated Driver STGAP2S/D

lite.augmented  control  Microcontroller STM32 (Digital) Control  Microcontroller STM32 (Digital)



STEVAL-ISA211V1:
100W HV (1kV,.) auxiliary power supply

= ST Products:
= STW12N170K5 (1700V K5 super-junction MOSFET)

&1 = L6566BH (flyback controller)
C

= STPS20LCD200C (200V Schottky diode)
= STN1HNKG60 (600V planar MOSFET)
:{— = TL431 (voltage reference)

= STTH112 (1200V ultra-fast diode)
) = 1.5KE350A (TVS) " -

CV
controller
[

Up to 88% efficiency at full load

Lys
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Product Links

Auxiliary Power Supply Power Circuitry

« 1200V/1500V Super Junction MOSFETs e 1200V & 650V Gen 2 SIiC MOSFETs

 Protection Diodes e 1200V & 650V SiC Diodes
 Off-line controllers e 650V IGBTs
« Power Schottky diodes e 600V FRDs

650V Super Junction MOSFETs

* |solated gate drivers

« STNRGPFO01 Controller

« STM32 Microcontrollers

Lys
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https://www.st.com/en/power-transistors/mdmesh-k5-series.html
https://www.st.com/en/protection-devices/eos-10-1000-microsecond-surge-protection.html
https://www.st.com/en/power-management/pwm-controllers.html#products
https://www.st.com/en/diodes-and-rectifiers/power-schottky.html#products
https://www.st.com/en/power-transistors/sic-mosfets.html
https://www.st.com/en/diodes-and-rectifiers/silicon-carbide-diodes.html
https://www.st.com/en/diodes-and-rectifiers/silicon-carbide-diodes.html
https://www.st.com/en/diodes-and-rectifiers/ultrafast-rectifiers.html
https://www.st.com/en/power-transistors/stpower-n-channel-mosfets-gt-350-v-to-700-v.html
https://www.st.com/content/st_com/en/products/solutions-reference-designs/industrial-solutions/factory-automation/isolated-gate-driving-for-industrial-applications.html
https://www.st.com/content/st_com/en/products/power-management/ac-dc-converters/pfc-controllers/stnrgpf01.html
https://www.st.com/en/microcontrollers-microprocessors/stm32-32-bit-arm-cortex-mcus.html

Application Tree — EV Charger

3-phase PFC + Inrush current Ctrl

HV battery pack

L 3
FENR §
‘— https://www.st.com/en/applications/energy-generation-and-distribution/dc-fast-charging-station.html
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https://www.st.com/en/applications/energy-generation-and-distribution/dc-fast-charging-station.html

Thank you



