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EV Charging Stations, Bad Ragaz, Switzerland
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EVC BT AS

. . .
2020-2026 semiconductor power 2020-2026 EV DC charger market in units - Split by
device market for xEV in $B power category
(Source: Power Electronics for E-Mobility 2021 report, Yole Développement, 2021) (Source: DC Charging for Plug-in Electric Vehicles 2021 report, Yole Développement, 2021)
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Alternating Current (AC) Direct Current (DC)

L2 '\_ —
f— a DC Rapid
AC or DC —Z Charging
Station

DC FAST DC ULTRAFAST g
LEVEL 1 LEVEL 2 CHARGING CHARGING ®
CHARGING 1h CHARGING 1ih CHARGING 20 min CHARGING 15 min
MILES 2-5 MILES 10-60 MILES 60-80 MILES 100 - 200

LEVEL & LEVEL BF  LEVEL RN

120 VOLT 240 VoLt 480 VOLT oc FAST CHARGING

1.4 kW 400 kW

maximum maximum
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6 Pack Boost
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EVCFH B IERMIESEHI(PFC + DC-DC Converter)

Voltage input rating Three-phase 400 Vac (EU), 480 Vac (US)
Max. input current 40 A

AC input Frequency 50/60 Hz

Power factor >0.99

Efficiency >96%

Output voltage 200 V to 1000 V
DC output Max. output power 25 kW
Max. output current 50A
Output OVP, OCP, SC
Protections Input UVP, OVP, inrush current
Internal Desat (gate driver), thermal (NTC on power device)
Push buttons Yes
User Interface GUI Yes.

Communication buses Internal SPI, I°C
External Isolated CAN, USB, UART
: Operating temperature 0°C to 40°C
Environmental . L :
Operating mode Fully Bidirectional

Max. dimensions PCB 450 x 300 x 280 mm (PFC and dc-dc stacked)
Regulation Following guidelines described in EN55011 Class A Will not be tested
EV systems Following guidelines described in IEC 61851 Will not be tested
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EliteSiC Application Examples — 25KW W [E B RIE 7 L 2%

25kW Bidirectional DC Fast Charger

Applications: Topologies: Peak Efficiency:
EV Charging:
 DC Fast Charging Level 3 « PFC: 6 Pack Boost

« DC Ultrafast Charging Level 3 « Dual Active Bridge (DAB)
« V2G

6-Pack Boost Active Front End PFC: Dual Active Bridge DC - DC.:

' V
@ o
3p AC infout : g 9 DC infout m

*  98% at 800V VOUT

A0OVAC/ DC infout 800V
4B0VAC 500V 315A
+-10% 315A

1x current sense ﬁ = 1x current sense
LEM CKSR50-NP L LEM CKSR50-NP ﬁ

EMI - TDK —Ext. fitter

B84243A6050N107

JI5F11AH12V
Res SQMWT33RJ
3) ent sense
LEM CKSR50-NP a
F—,
120MNF1-D
I
L

Re
Voltage divider

-Tl' A
1 (e]
NXHO10P

H Aux. PSU

SECO- NCS213R
HVDCDC1362- Shunt OPAMP
40W15V

SECO-
HVDCDC1362-
40W15V

NCS213R
Shunt OPAMP

seco-te0716-gevb Se(:(rte()ﬁﬁ evb

OPAMP
12bit, SAR, ADC o
‘ . NCD9801x
NCS20034 NCS20032 ___NCIDe2it ___
O - ARSOOn

12bit, SAR, ADC
NCD3801x

aFIo FPGA controller (UCB)

mr
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3p AC in/out
400VAC/
480VAC
+/-10%

Inrush cur. ctrl.
Res SQMW733RJ

seco-te0716-gevb

10

EMI — TDK —Ext. filter
B84243A6050N107
Re J115F11AH12V

SECO-

HVDCDC1362-
40W15V

[ ]

: . I
< =
NCS20034 NCS20032
OPAMP OPAMP

3x voltage sense

Voltage divider
3x current sense

NCS20034
OPAMP

LEM CKSR50-NP

12bit, SAR, ADC

NCD9801x

* * *
| [ ] +
[ ]
o
2
% —— DC in/out
] 800V
? 5 31.5A
=< [
- 2

SECO-

LVDCDC3064-

SIC-GEVB
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NCS213R
Shunt OPAMP

Ethernet
CAN NCV7342
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DC in/out .MGL
800V <:>
31 5A ————————
1x current sense : 1x current sense 80032,;3{;’#;(,), :
LEM CKSR50-NP LEM CKSR50-NP 200-1000v 1l
(supported) 1
Aux. PSU -

SECO- NCS213R

Shunt OPAMP

NCS213R
Shunt OPAMP

Isol. Gate Drv. Source

HVDCDC1362-
40W15V

NCD57000
NCS20034
OPAMP

seco-te0716-gevb

TRe

U SIC-GEVB
NCS20034 NCS20032 Ethernet
OPAMP OPAMP [~ ~ ~ Gal isolator~ ~ ~ CAN NCV7342

: 12bit, SAR, ADC SECO-
NCD9801x LVDCDC3064-
gy
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SECO-HVDCDC1362-40W-3# BN E 75 HEE

Vin = 250-900V
USIFMA
Super Fast Rectifier
L
T| NTHL160N1205C1

160mQ 5iC FET

MRBA130LT3G
30V/1A Rectifier

¥

NCP1362
QR (PSR) fly-back

BCE17 - 40WT1G MSD350HT1G
BIT

250V Switching diode

controller

MMSZ18T1G
Zener diode

MMSZ20T16

Zener diode

12 Public Information © onsemi 2023

Vout = 15V/2.6A

FF5PF1065A
SiC diode

15MASS31BT3G
Zener diode
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300kw EV
Charging
Station

12 x 25kW building blocks
used in 300kW EV Charging Station
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SIC MOSFETs onsemi AT HIZ HE T4 AT ~ull
H R RES LT Hybrid SIC Modules
FIRSE . AR ARFNRLERPREIEY b 34k 5=
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/]| i tL St A ERAAMAE
TO247-3LD TO247-4LD D2PAK-7LD 5?&%%*‘1%,
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SiC Diodes

Sl E R FHLL,
1200V M3S SiC MOSFET g ! \
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onsemi By EliteSiCEHE4&- 1T 4Fz &b

SILICON & CARBIDE
POWDERS PLACED INTO
THE FURNACE

SILICON CARBIDE
CRYSTAL BOULE 2

{ FURNAGE HEATS TO ~
2,000+ DEGREES CELSIUS EMERGES
PROMOTING GRYSTAL TOP & BOTTOM OF
GROWTH BOULE REMOVED &

- WAFER SLICING

EPITAXY

DEVICE
FABRICATION

WAFER DICING
DEVICE PACKAGING
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PRIMARY FLAT ADDED

-

CRYSTX
SILICON CARBIDE

CHARGING
STATION

VEHICLES

ELECTRIC: 3y
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onsemi EliteSIC Capacity Expansions and Market Share

onsemi SiC Capacity Increase

10x I New Bucheon Fab Addition:
Building Near Completion
in Lapacity Adding Equipment

Q122 q222 Q322 Q422 Qiz23 Q223 Q323 Q423

onsemi SiC Market Share 2021 to 2023 Projected
2021 2022 FC 2023

[fE]

| | —> | —>
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Expansion will Double onsemi’s
SIC Fab Capacity in 2024/2025
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EV Charging BBEIZEFEB uL-ERIERMEL (8 PFC)

Six Switch Converter Version

PFCLand C
after input filter

- T
T

-
—

Vienna Rectifier Version

DC Bus
Capacitors

Isolated Gate
Drivers

Vienna
Rectifier

Module

F2 Vienna Rectifier

To Qutpu
Protectio

Resonant
Network

Resonant/
Hard switched
Full Bridge

Isolated Gate
Drivers

Resonant/
Hard switched
Full-bridge

Discrete

SiC Diodes + SIC MOSFETs

Robust
Avalanche Rated
High Efficiency

Isolated Gate
Drivers

t

n

Public Information

DC Bus
Capacitors

PFCLandC
after input filter

—
— )

N
)

Vienna
Rectifier

Isolated Gate
Drivers

Module
F1 2-PACK Module

© onsemi 2023

Resonant/
Hard switched
Full-bridge

Isolated Gate
Drivers

Resonant

Network

To Output
Protection

Resonant/

Hard switched
Full-bridge

Isolated Gate
Drivers

Discrete
SiC MOSFETs

%\\\ )
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EVC ZIPFCIER A ERN

W a4 2R/ BEIEIRNPC (Vienna/TNPC)

= ==

PFCLandC DC Bus Resonant To Qutput
after input filter Capacitors Network Protection

idirectiona
Vienna/TNPC Hard switched Hard switched
Rectifier Full-bridge Full-bridge
Isolated Gate Isolated Gate Isolated Gate
Drivers Drivers Drivers

Module Discrete
F2 (Concept) SiC Diodes + SiC MOSFETs
XY
Robust

Avalanche Rated
High Efficiency

Public Information
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EVC FZEHE -

DC-DCHBSH HRERFN E

Dual Active Bridge, DC-DC, LLC,

To Qutput
Protection

Resonant
Network

DC Bus
Capacitors

PFCLand C
after input filter

Resonant/
Hard switched
Full Bridge

Isolated Gate
Drivers

— T

T
—

Resonant/
Hard switched
Full-bridge

Vienna
Rectifier

Isolated Gate
Drivers

Isolated Gate
Drivers

Discrete
SiC Diodes + SiC MOSFETs

Module

F1 2-PACK Module
F1 4-PACK Module
F2 2-PACK Module

Robust
Avalanche Rated
High Efficiency

Public Information

PFCLandC
after input filter

- T
T

B R H

-
T

Diode Output Bridge

To Qutput
Protection

Diode
Full Bridge

Resonant
Network

DC Bus
Capacitors

Resonant/
Hard switched
Full-bridge

Isolated Gate
Drivers

Vienna
Rectifier

Isolated Gate
Drivers

Module Discrete

F1 4-PACK Module SiC Diodes
Single
Dual
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Released
In Development
(Sample / Release Date)

1200V SiC MOSFETs — M3 Family

Automotive grade uses “NV” Industrial grade uses “NT”
Ros(on) (MQ)
Typical
@Vgs:18V

BPAK
( Top Cool SMD PKG)

TO-247-3L TO-247-4L D2PAK-7L

13

14

22

29

40

65

20

NTHLO22N120M3S

NTHLO30N120M3S

NTHLO40N120M3S

NTHLO70N120M3S

NTH4L013N120M3S
( Available / Sep '23)

NTH4L014N120M3P

NVH4L022N120M3S
NTH4L022N120M3S

NVH4LO30N120M3S
NTH4L030N120M3S

NVH4L040N120M3S
NTH4L040N120M3S

NVH4L070N120M3S
NTH4L070N120M3S

NTBGO014N120M3P

NVBG022N120M3S
NTBG022N120M3S

NVBGO30N120M3S
NTBGO30N120M3S

NVBG040N120M3S
NTBGO040N120M3S

NVBGO070N120M3S
NTBGO070N120M3S

Public Information © onsemi 2023

NVTCO022N120M3S
NTTCO022N120M3S
(Available / Q4 '24 )

NVTCO30N120M3S
NTTCO30N120M3S
(Available / Q4 "24)

NVTCO40N120M3S
NTTCO040N120M3S
(Available / Q4 *24)

NVTCO70N120M3S
NTTCO70N120M3S
(Available / Q4 *24)

NTCRO13N120M3S
(Sep’23/Sep ’'23)
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Released
In Development
(Sample / Release Date)

650V SIC MOSFETs — M2 Family

Automotive grade uses “NV” Industrial grade uses “NT”

Ros(on) (MQ) [Roson) (MQ)

TO-247-3L TO-247-4L D2PAK-7L

PQFNSS

@Vgs:15V | @Vgs:18V

21

e

s .’ NVHLO15NO65SC1  NVHALO15NO65SC1  NVBGO15N065SCL
NTHLO15NO65SC1 NTH4LO15NO65SCL  NTBGO15N065SC1

e ' NVHLO25N065SC1  NVHALO25N065SCL  NVBGO25N065SC1L
NTHLO25N065SC1 NTH4AL025N065SCL  NTBG025N065SC1
NVHLO45N065SC1  NVHALO45N065SC1  NVBGO45N065SC1

e 53 NTHLO45N065SC1  NTHALO45N065SC1  NTBGO45N065Sc1  VIBLO45NO65SCL  NTMTO45N065SC1

50 » NVHLOBONO65SC1  NVHALOBONOG5SC1  NVBGOBONOG5SC1  NTBLOBONOG5SCL
NTHLOGONO65SC1 NTHALOG6ONO65SC1  NTBGOBONO65SC1  ( Nov ‘23 Sample )
NVHLO75NO65SC1  NVHALO75N065SC1 NTBLO75N065SC1

= 2 NTHLO75NO65SC1  NTHALO75N065SC1  VBGUZONOGSSCL  'h 93 Sample )

95 78 NVHALO95N065SC1  NVBGO95NO65SC1L

Public Information
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650V SIC MOSFETs — M3 Family

In Plan

Prototype samples in Q3 ‘23

Rbs(on) (MQ)
Typical @Vgs:18V TO-247-3L TO-247-4L D2PAK-7L

12

24

38

22

NTHLOO8NOG65M3S

NTHLO12NO65M3S

NTHLO24N0O65M3S

NTHLO38NO65M3S

\\

NTH4LO08NO65M3S

NTH4L012NO65M3S

NTH4L024N0O65M3S

NTH4L038NO65M3S
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NTBGOO8NOG65M3S

NTBGO012NO65M3S

NTBGO024N065M3S

NTBGO38N065M3S

onsemi



Comparison of

1 ohm
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160

Typ Rdson ( mOhm)
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1700V 1200V

M1 M1
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SIC MOSFET Families
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g 30
I II 22 14 13 20

1200V 900V

M3S(P) M2
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