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« Vehicle Electrification « |oT Connectivity * 5G Infrastructure « Connectivity

* Active Safety & * Energy Infrastructure Power * Power Conversion

Autonomous Driving « USB Type-C Solutions

(34% of Revenue)

» Power Conversion » Audio/Video/Imaging
» Body & Interior

Electronics Motor Control Motor Control
+ Connectivity & Power * Sensors

Management « Wide Band Gap
« LED Lighting
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Computing Sector

(13% of Revenue)

« USB Type-C Solutions
» Power Conversion

» AC Power Adapter

« Server Power

Product Capabilities

Custom, SoC, Embedded MCU, Connectivity, Sensors, Mixed-Signal, Analog, Logic, Discrete, Optoelectronics

Micro-Packages, Power Packages, Power Modules, Chip-Scale, Multi-Die
Software, Development Kits, Reference Designs
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Focused on the Fastest Growing Markets

2020 Revenue by End-Market

Computing
12%

Consumer E’
11%
| m—

Automotive
32%

Industrial
25%

2020 REVENUE $5,255MM
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AUTOMOTIVE

Power semiconductors for electrification, sensors for
ADAS, LED lighting, analog power management for
automotive processors

INDUSTRIAL

Energy efficiency for industrial systems,
machine vision, robotics, automation, loT

5G, Wi-Fi

COMPUTING

Server CPU power management, Server
power management

CONSUMER

Gaming, home entertainment systems, AR/VR,
wearable devices
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An Emerging Leader in Semiconductors

Top 20 IDMs -

Top power semiconductor discretes and

2019 market share

Rank Company

Market Share

1 |Intel
Samsung

3 SK Hynix

4  Micron

5 T

6 STMicro

7  Infineon

8 KIOXIA

9 NXP

10 Sony

11 Renesas

12 Analog Devices

14 Microchip

15 Skyworks Solutions
16 Qorvo

17 ROHM

18 Toshiba

19 Robert Bosch

20 Nichia

16.5%
12.3%

5.3%
4.7%
3.3%
2.2%
2.1%
2.0%
2.0%
2.0%
1.6%
1.4%

1.2%
0.8%
0.7%
0.7%
0.6%
0.6%
0.5%

Source: Informa CLT 4Q19, IHS Annual Power Semiconductor Market Share Database - 2018
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19.9%

&

ON

modules suppliers - 2018 market share

5.4%

STM

4.8%

Mitsubishi

VSH

T 45% 45%

Toshiba

3.6% 3.3%

Fuji

Renesas

2.6% 25%

Rohm

Semikron

2.2%
STRELTN 8 AR 155 4 11% 1.1% 1.1%

Nexperia

AOSL

DIOD

Littelfuse

Shindengen

Wolfspeed

Robert Bosch

Panjit
Hitachi

Jilin Sino-
Microelectronics
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Formidable Manufacturing Capabilities

= Scale provides industry leading cost structure - 66 billion units shipped in 2019

= Ability to add capacity and source from multiple sites, including production ramp of 300mm fab
* Front-end internal capacity to manufacture 150mm and 200mm silicon substrates
= One of world’s largest and most efficient back-end operations

= Quality and delivery

= Better control as key differentiators in automotive and industrial markets

= Technology and product development

= Accelerates time to market for new technologies and fine tune processes to maximize performance

Back-end Facilities

Front-end & Substrate Facilities

- X o

Aizu, Jpn

BKF8

Bucheon, Korea

T
o S

Pocatello, ID, USA Mountain Top, PA, USA Niigata, Japan®? East Fishkill, NY®) Seremban, Malaysia Vietnam OSBD » Vietnam OPP/IPM
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Global Operations and Support

St. Petersburg

Kista
Mechelen
Oudenaarde
Bracknell ‘
Swindon
Waterloo Limerick iy
~ Pocatello Burlington Cork% ‘ Piestany Seoul
M:Iridian S. Portland . Bdmr(; E_ratt)il§|ava Bucheon Niigata
ampa A ubendo jubljana Beijin !
Siesam Bedford Munich v V\jlui?(\ Fukuishima
Portland % E. Greenwich Marin Shanghai G
Bgi\ll's;tm: Mountain Top Toulouse Sibhoh \ : Tokyo
Coos Bay ; Lower Gwynedd Milano Leshan—g glfu
- - saka
Sunnyvale L!V°“'a Bucharest Shenzhen e
Santa Clara Lindon Haifa Hong Kong : Taipei
San Jose Richardson R . : Hsinchu
Twain Harte Austin : Bangalore ® ’ \Zhl'be'
Del Mar . .
Phoenix Bm&)lg;o"?aﬁ/ \Eaarrlr?\%glaty
Bien Hoa Cebu
Seremban

® Design & Manufacturing
® Design Center/SEC ® Sydney
® Manufacturing
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The Legacy Builds!

October 10,

2008

January 1, 2011

May 9, 2018

(:) CATALYST

SANYO Semiconductor Co., Ltd.

SAXSEM|  |sensl

sense light

December 31, 2007

ANALOG
DEVICES

CPU Voltage and PC Thermal
Monitoring Business

January 27, 2010

c.rnc

April 30,

2014

o
% TRUESENSE

imaging, inc.

September 19, 2016

FAIRCHILD.

2006 2007 2008

April 2000

Cherry
- Semiconductor

|

2009

March 17, 2008

AMI
AMI SEMICONDUCTOR S'

June 9, 2010

SOUND DESIGN ’9

TECHNOLOGIES

2014 2015 2016 2017 2018 2019

August 15, 2014

IMAGING

@ 2ptina

June 19, 2019

Quantenna

A Divigion of ON Semiconductor®

November 4, 2009

May 15, 2006

LSI

Oregon Fabrication Facility

s
4

Pu&’@re

February 27, 2011

= ; CYPRESS

Driving the Communi

CMOS Image Sensor Business Linit

ications Revolution™

mmWave Technology

from IBM*®
and

Advanced Sensor
Design Center
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Power Solutions Group - Organization

APD

,@J Intelligent Power

Module
HV Rectifiers
Q_@ IGBTs

PIMs @a}

LV, MV, HV
MOSFETs

Automotive @
MOSFETs
Automotive
Power Modules
Wide é’?
Bandgap ‘. A*

.. ESD Protection

Y

ar Regulators
¢ Op-Amps

. Small Signal 71 ) Standard Logic

* Devices
eFuse
Opto

EEPROM

LED Protection

Gate Drivers

“@» RF Discrete

Smart Passive ()

Sensors

—
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Market Projection
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SiC Market Projection

SiC Srev projection to exceed 3BIn usd by 2030

Key Growth Drivers: PV system, Automobile and High Power Infrastructures

POWER SIC: LONG-TERM EVOLUTION

Roadmap for Power SiC devices

SiC device
market
revenues

Looking into
the future,
automotive
and high-
power
electronic
applications

will drive the - 3 ‘ e o
Power SiC Yole’s analysis on leading players’ SiC device ranking in 2019

market.

First Power
device supply
2020 2030

Power SiC — Life in The Fast Lane as SiC Penetration Accelerates | Webcast | www.yolefr | ©2021
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Catering for both Industrial and Automotive requirements

Industrial
Energy Infrastructure

Automotive

N L]

EV DC-DC m In-Cabin Monitoring

Solar Solutions
O
%\- W W\ W W\
o v
= = -

On Board Charger [t : o~ 19872\ T ‘ I I

} T9)%:
\
|
l
|
1 N
|
J |
N
|
\
\

EV Auxiliary 48V Systems Energy Storage

onsemi Automotive Qualified SiC onsemi Industrial Qualified SiC
Traction Inverters: increase vehicle range Solar Inverters: more power in same size
On-board Charger: more compact solution UPS/Energy Storage: lower cooling costs

onsemi
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VEHICLE ELECTRIFICATION

Public Information

OBC

IGBTSs, SiC FETs

PIMs
DC-DC
IVN

HV-48V-12V

MOSFETs
SiC, GaN

Power Modules
DC-DC

PHEV/BEV

Auxiliary Motor
Control

IPMs, PIMs
Motor Drivers

MOSFETs

Main Drive

IGBTSs, SiC FETs
PiMs
DC-DC
A"\

Starter-
Generator

MOSFETs
Power Modules

Gate Driver,
Current
Sense
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SiC Products
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Industrial SiC Portfolio Overview

SiC Hybrid Modules — 1200V, 1000V, 650V SiC Diodes — 1700V, 1200V, 650V

350A, 1000V I-type NPC 130
1000V IGBT + 1200V SiC Diode 120 Higher New Gen2
Aluminum Oxide Substrate A Efficiency 1200V
67,8910 N1 sp2s G 110 SiC Diode
S — Higher = Family
£ e Power < 100
Density
e 90 ° A
400A, 1000V I-type NPC 20 o

Silicon Nitride Substrate

Full SiC MOSFET Modules — 1200V, 900V SiC MOSFETs — 1200V, 900V, 650V

Lead Trace Pin Hot loop or
inductance inductance inductance critical loop

\ 2 PACK Power Module Hot loop:
VBUS- — _\ [— Loop where

- _\ current patl
F 1 PLUS \:‘ be+ Q i ::: ;u?::nt:at: 1 : . X
- : \%: i Output gr?ol([:JE%L r 4 //// $ ) \\‘ &
U | PHASE nducter - ¥ ’ /
Bulk _1 L
Capacitors — b:;a; :_: in 1| thitj';- é
ST L=k | T0247-3LD T0247-4LD D2PAK-7LD
I ]
F 2 VBUS- E = Ti‘ NTF OU(D.U( f— Load
" Place low [SR_ 11 1:11—1:'“7\';::;0[ o e Fa Ster SWitCh i ng
m:dg.’:t( i Lower module losses
Higher Efficiency SoglpgsngEM e More compact end product

with same overshoot level

16 Public Information Onsemi




Automotive SiC Portfolio Overview

SiC Traction Modules — 1200V, 900V

VE-Trac™ Higher Power Density
Direct With VE-Trac™ Dual
VE-Trac™ ‘ 5

Dual ’ ‘

SiC Diodes — 1200V, 650V

130
120 Higher
A Efficiency

O 110
=
o 100

90

oA
80 ‘
1.7 1.9 Ve [V] 2.1

New Gen2
1200V
SiC Diode
Family

2.3

Higher Efficiency
Lower EMI by using an
integrated solution

APM16
Transfer-molded module
for highest power cycling
and temperature cycling
reliability
17 Public Information

SiC MOSFETs — 1200V, 900V, 650V

7/ / “ ”

10247-4LD D2PAK-7LD

Faster switching
Lower module losses
More compact end product

onsemi



SiC Technology Overview
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SiC die structures

To serve different requirements, Planar and Trench are the 2 commonly adopted structures in the market.
Trench may have better electrical performance, there are more challenges in manufacturing process
and product reliability

shorter process time

Less complex to Wdfs-;‘eed A CREE COMPANY m ",,. ‘

manufacture

g Littelfuse

Trench - smaller die size
- lower on-resistance

- lower switching loss (lnfineon m

19 public Information onsemi



SiC Challenges

Benefits:
Enable High system power density, High operating temperature, High breakdown voltage, High switching frequency

Challenges:

Higher material cost (vs Si). Main cost in SiC manufacturing is raw wafer ~44%

Substrate suppliers are limited. Current mainstream supply is at 6” while 8” is new to the market.

SiC crystal structure is very difficult to be ideal which result in different kinds of dislocation. Hence affecting yield loss
(more expensive).

SiC wafer is transparent which increase the difficulty on marking and handling during manufacturing process.

Doping implantation for SiC needs to be done in high temperature.

Gate oxide is key concern for SiC reliability. This is especially critical for trench structure.

Public Information Onsem[



Challenges - SiC Wafers and Defects

Ideal structure Real SiC crystals have defects

TSD—TSD | | TSD — Frank sFs || BPD —BPD || BPD —TED
(> 99 %) (<1%) (< 5 %) (> 95 %)

—— epitaxial
——] layer

- - ___ substrate

TED — TED
{0001} basal plane (~ 100 %)

TSD: threading screw dislocation |
TED: threading edge dislocation i
BPD: basal plane dislocation !

C: Si e:C
Japanese Journal of Applied Physics 54, 040103 (2015)

High voltage gate stress failure mode Contaminants in gate oxide cause failure
| e = fels =
fa ’I;" 34 3% of
2t e a1 and o
= ‘w sample

onsemi takes considerable effort to prevent and detect defects in SiC products

Public Information
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Ensuring reliable supply of SiC products

22

Product reliability

Standard reliability testing at 100% rated voltage and 175C
Intrinsic gate oxide reliability testing

Cosmic radiation testing

Validation of no drift in threshold or parameters

Manufacturing quality and reliability

Defect scanning before and after epitaxial growth
In-process controls

100% avalanche testing of all dies

Product burn in to remove extrinsic gate oxide failures

Public Information
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SIC MOSFETs
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1200V SiC MOSFETs - M1 Family

ID @ 25C (A)

Die — Wafer and T&R

TO247-3

TO0247-4

D2PAK-7L

90 20
55 40
40 80
20 160

NVCO020N120SC1
NTCO20N120SC1

NVC040N120SC1
NTC040N120SC1

NVC080N120SC1
NTCO80N120SC1

NVC160N120SC1
NTC160N120SC1

AECQ101 qualified automotive products start with “NV”

Industrial qualified products start with “NT”

24 Public Information
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NVHLO20N120SC1
NTHLO20N120SC1

NVHLO40N120SC1
NTHLO40N120SC1

NVHLO80N120SC1A
NTHLO80N120SC1A

NVHL160N120SC1
NTHL160N120SC1

4

/&
)

NVH4L020N120SC1
NTH4L020N120SC1

NVH4L040N120SC1
NTH4L040N120SC1

NVH4L080N120SC1
NTH4LO80N120SC1

NVH4L160N120SC1
NTH4L160N120SC1

>

NVBGO020N120SC1
NTBGO20N120SC1

NVBG040N120SC1
NTBG040N120SC1

NVBGO80ON120SC1
NTBGO80ON120SC1

NVBG160N120SC1
NTBG160N120SC1

onsemi



900V SiC MOSFETs - M2 family

TO247-3

TO247-4

D2PAK-7L

20

60

NVHLO20N090SC1
NTHLO20N090SC1

NVHLO60N090SC1
NTHLO60N090SC1

AECQ101 qualified automotive products start with “NV”

Industrial qualified products start with “NT”

Public Information
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4,

NVH4L020N090SC1
NTH4L020N090SC1

NVH4L060N090SC1
NTH4L0O60N090SC1

»

NVBG020N090SC1
NTBG020N090SC1

NVBGO60N090SC1
NTBGO60N090SC1

onsemi



650V SiC MOSFETs - M2 family

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

Released

Engineering Sample available
In Development

Planning

(Sample / Release Date)

RD-"(‘;”(’I T)YP T0-247-3 TO-247-4 D2PAK-7 TOLL PQFN88

15

25

45

60

75/80

95

NVHLO15N065SC1
NTHLO15N065SC1

NVHLO25N065SC1
NTHLO25N065SC1
(Sep’21/Mar ‘22)

NVHLO45N065SC1
NTHLO45N065SC1

NVHLO60N065SC1
NTHLO60N065SC1
(May/Dec ‘21)
NVHLO75N065SC1
NTHLO75N065SC1
(Oct’21/Mar 22)

Public Information

>

NVH4L015N0655C1
NTH4LO15N065SC1

NVH4L025N0655C1
NTH4L025N065SC1
(Jul/Dec ‘21)

NVH4L045N065SC1
NTH4L045N065SC1

NVH4L060N065SC1
NTH4LO60N065SC1
(May’21/Mar ‘22)
NVH4L075N065SC1
NTH4L075N0655C1
(May’21/Mar ‘22)

NVH4L095N065SC1
(Sep’21/Mar ‘22)

NVBGO015N065SC1
NTBGO15N065SC1

NVBG025N065SC1
NTBG025N065SC1
(Feb’21/Mar 22)
NVBGO045N065SC1
NTBG045N065SC1

NVBGO60N065SC1
NTBGO60N065SC1
(May’21/Mar ‘21)

NVBGO75N065SC1
(May’21/Mar ‘21)

NVBGO95N065SC1
(Sep’21/Mar ‘22)

TBA

TBA

TBA

TBA

TBA
TBA

TBA

TBA

onsemi



Loss example: 20A hard switched full bridge, 50% duty cycle

7/
TO247-3LD TO247-41LD D2PAK7LD F1 Module
NTHLO40N120SC1 NTH4L040N120SC1 NTGBO40N120SC1
Pcond = 11.3W Pcond =11.3W Pcond =11.3W Pcond =11.3W
Pmax = 30W Pmax = 30W Pmax = 30W Pmax = 30W
EON = 1003 ulJ EON =411 uJ EON = 366 uJ EON =190 uJ
EOFF =247 ul EOFF = 205 ul EOFF = 205 uJ EOFF =220 ulJ
fsw max = 15 kHz fsw max = 30.3 kHz fsw max = 37.2 kHz fsw max = 45.6 kHz

Faster switching
I > Lower module losses I >
More compact end product

27 Public Information Onsemi




One reason for improvement in module performance

Lead Trace Pin Hot loop or
inductance inductance inductance critical loop
\ 2-PACK Power Module / Hot loop:
VBUS- e — Loop where
PLUS ¢ —9 Tocs i ON current path
a1 | and
: . : OFF current path
' of Q1 (or Q2)
R | ]G1 | - | do not overlap
' T | Output
\ "_51 | Inductor
Bulk _| "N ? I | PHASE Y'Y Y\ e o
Capacitors — T Local | I T — 71 vour-
VBUS —— Q2 | | pLUS
Capacitorl_ ; : |
I
RG | G2 | e |
L 1
I S2 I
VBUS- ! ) ? | nTC Output 1 Load
o L O
MINUS U1 ) ek lhermistor Capacitor  — [ Impedance
Place low ESR TH1 | Y | TH2
capacitor close to ~ ~ |
module to reduce |
voltage overshoot, |
ringing and EMI | VOUT-
| MINUS

28 Public Information Onsemi



Use cases of different package types

T10247-3LD
NTHLO40N120SC1

Used for simple
replacement of IGBT
with non-isolated
driver

Needs thermal pad
or thermal grease

29 Public Information
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T10247-4LD
NTH4LO040N120SC1

Recommended where
the MOSFETs are

mounted onto heatsink.

Needs thermal pad
or thermal grease

D2PAK7LD
NTGBO40N120SC1

Recommended for
surface-mounted
applications.

Heat goes through
the PCB

F1 Module

Recommended for
highest power
density applications.

Heat sink on top
of module.
TIM replaces need
and quality issues
with thermal grease

onsemi
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Industrial SiC MOSFET Modules

Public Information
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1200V SiC MOSFET 2-PACK Modules in F1 Package

eI r——————T..

* M1 SiC MOSFET planar technology with 18V-20V Low thermal resistance from larger die than with
drive trench MOSFETs
* 10mohm 1200V module « Easy to drive with negative gate voltages
* thermistor o Industry standard pinout

* Press-fit pins
* Works well with standard NCD5700x driver solutions
from ON Semiconductor

Specifications
m Dual Boost Components Configuration

NXHO10P120MNF1 Half Bridge 2-PACK 1200V Press-fit pins
10mohm SiC MOSFET module

« Solar Inverter
 UPS
« Energy Storage

F1

31 Public Information

Block Diagram

DC+ O———
Q1
|_
|
G1 —
S1 O—I—O
PHASE

—
e
G2 —

TH1 TH2
VD B L
DC-

Applications

o Industrial Applications
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1200V SiC MOSFET 2-PACK Modules in F2 Package
rores

* M1 SiC MOSFET planar technology with 18V-20V » Low thermal resistance from larger die than with trench
drive MOSFETs
* 6mohm 1200V module « Easy to drive with negative gate voltages

* thermistor
* Press-fit pins
* Works well with standard NCD5700x driver solutions from
ON Semiconductor

Specifications
m Dual Boost Components Configuration

NXHOO6P120MNF2 Half Bridge 2-PACK 1200V Press-fit pins
6mohm SiC MOSFET module

« Solar Inverter
 UPS
« Energy Storage

32 Public Information

DC+ O———

Q1
|_
|
G1 —
S1 O—I—O
PHASE
Q2
—
e
G2 —
o TH1  TH2
NTC
e S|

Applications

o Industrial Applications
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1200V SiC MOSFET 2-PACK Modules in Q0/Q1 Package

EXEE

« 2 channel boost module family » Easy mounting
* 50A/1200V IGBT + SiC Diode Better efficiency than competitor product
* 40 mohm/1200V SiC MOSFET + SiC Diode Range of pin compatible SiC hybrid and
* 80 mohm/1200V SiC MOSFET + SiC Diode full SiC options
* 3 channel boost module (different pinouts)
* 40 mohm/1200V SiC MOSFET + SiC

Specifications

NXH100B120H3Q0 2 channel 50A/1200V IGBT, 20A/1200V SiC Diode s, P, TIM
NXH40B120MNQOSNG 2 channel 40mQ/1200V SiC MOSFET, 40A SiC Diode Solder pin (S)
NXH80B120MNQOSNG 2 channel 80mQ/1200V SiC MOSFET, 20A SiC Diode Ni B';éed
NXH40B120MNQ1SNG 3 channel 40mQ/1200V SiC MOSFET, 40A SiC Diode

NXH240B120H3Q1PG 3 channel 60A/1200V IGBT, 20A/1200V SiC Diode Press-fit (P)
NXH100B120H3Q0 2 channel 50A/1200V IGBT, 20A/1200V SiC Diode s, P, TIM

« Solar Inverter
QOBOOST

« UPS
s « Energy Storage
ok --.“A“;:: - W u{u‘- A
v:::‘” ‘,.,‘- \ ‘/f.’.tf\ 4 L. W m Lt
N 2 --i LI ‘o
'\;..// \
33 Public Information

Block Diagram

7.8 5,6,15,16 13,14
I Bypass I Bypass |
SiC SiC
Diode A A Diode

9,10 0——¢ 11,12 0—9

SiC SiC

MOSFET | — | — MOSFET
et | et
1 — 20 — 21 22
2 O—I 19 O—T e
34 © o
17,18

Applications

 Industrial Applications
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SiC Diodes

Public Information
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SiC Schottky EMI Performance

80 4 SiC diodes use a Schottky contact instead of a pn-junction like
;g . SIiC Schottky| | high voltage silicon diodes, they do not have the reverse
= ] [] —— Si PN-diode || recovery effect. As the reverse recovery is the main contributor
40 to the diode switching losses, most diodes are engineered to
Zg ] - : have short reverse recovery times (e.g. ultrafast diodes).
2 103 [ N H hi h
< 10- - -~ owever, this causes the reverse recovery current to stop
0 12 ] \\ }'{ ‘1!\ ] %&W / f\/’\/w flowing abruptly (the ‘snap’), which causes an uncontrollable
o ‘\j)‘ L N : fast voltage transition. As the SiC Schottky diodes only have
-30 4 - =IThe steepness here capacitive recovery effect, the peak currents are lower and the
:g ) influences EMI effect does not scale with load current or temperature.
60 4
=70 1 This directly translates to lower switching losses.
-80
9.50 9.51Y 9.52y 9.53
time (s)
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1200V SiC Diodes — D1 series

EIICE

50

40

30

20

15

10

1.45

PCFFS50120AF

PCFFS40120AF

PCFFS30120AF

PCFFS20120AF

PCFFS15120AF

PCFFS10120AF

PCFFSO08120AF

PCFFSO5120AF

Public Information

TO-247-3L
Dual

FFSH40120ADN

FFSH30120ADN

FFSH20120ADN

FFSH15120ADN

FFSH10120ADN

AECQ101 Automotive Qualified Diodes have “—F085” OPN suffix

FFSH50120A

FFSH40120A

FFSH30120A

FFSH20120A

FFSH15120A

FFSH10120A

TO-247-2L TO-220-2L

FFSP20120A

FFSP15120A

FFSP10120A

FFSP08120A

FFSP05120A

L 4

&

FFSB20120A

FFSB10120A

FFSD10120A

FFSD08120A

onsemi



650V SiC Diodes — D1 Series

I N e e R I
L 4 ‘ L

37

50

40

30

20

16

12

10

PCFFS5065AF
PCFFS4065AF

PCFFS3065AF

15

Public Information

Single die device (instead of two parallel die)
created as Wolfspeed drop-in replacement.

FFSH5065A-F155 FFSH5065A
FFSH4065ADN FFSH4065A
FFSH3065ADN FFSH3065A FFSP3065A
FFSH2065ADN FFSH2065A FFSP2065A
FFSH1665ADN FFSH1665A FFSP1665A
FFSP1265A
FFSH1065A FFSP1065A
FFSPO865A
FFSPO665A
FFSP0465A

FFSPF2065A

FFSPF1065A

FFSPFO865A

FFSPFO665A

FFSB1265A

FFSB1065A

FFSBO865A

FFSBO665A

FFSBO465A

2 4

FFSD1065A
FFSDO865A
FFSDO665A

FFSD0465A

L=

FFSM1265A
FFSM1065A
FFSMO0865A
FFSMO0665A

FFSMO0465A

onsemi



650V SiC Diodes — D2 Series

Automotive grade includes “—F085” OPN suffix

i v [ o 020721 022021 ozox | o | omc | o

38
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FFSH5065B
40 FFSH4065BDN FFSP4065BDN
30 FFSH30658 FFSP3065B FFSB3065B
20 1.35 FFSH2065BDN FFSH2065B FFSP2065B FFSP2065BDN FI::SI:BS::::BSII;N FFSD20658 FFSM20658
10 FFSH1065B FFSP1065B FFSB1065B FFSD1065B FFSM10658
8 FFSP0865B FFSB0865B FFSD0865B FFSM0865B
6 FFSP0665B FFSB0665B FFSD0665B FFSMO0665B
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Gen2 1200V SiC Diodes
N

* Low Vfx Qc figure of merit o Higher power density & efficiency
* Low Vf » Lower conduction losses 78 5.6,15,16 13,14
* Low Qc » Lower diode switching losses | Bypass I Bypass |
* Lower switching losses in device switching » Lower MOSFET/IGBT switching losses
the product » Higher robustness against incoming high voltage
* Avalanche rated diodes spikes due to avalanche rating e i
* Automotive qualified versions e A A o

Specifications

9,10 0——¢ 11,12 0—9

NDSH20120C 20A 1200V TO247-2LD Gen?2 SiC Diode - Industrial R :} | :} RELEE AL
NDSH50120C 50A 1200V TO247-2LD Gen2 SiC Diode - Industrial - — = ] 21 2
. . _ . 2 19 NTC
NVDSH20120C 20A 1200V TO247-2LD Gen2 SiC Diode — Automotive » c°—I c°—T
NVDSH50120C 50A 1200V TO247-2LD Gen2 SiC Diode - Automotive 17,18
Package End products Applications
« Solar Inverter  Industrial Applications

« UPS
« Energy Storage
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Solar Inverters
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Benefit of SiC diodes and SiC MOSFET PV modules

SiC Hybrid circuits with IGBTs, SiC Diodes and SiC Mosfet are commonly used whether with modules

and discretes
Full SiC circuits are more expensive but offering the best power density

and fast switching capability. System efficiency will be higher while the system size is smaller.

20kW IGBT
Solution

= ”{{ _‘*‘ ’» s iy o ._ S ; s e '
a1 Public Information O' |Se| I “m
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I Arrow SIC Reference Design

Terence Tse
Sep 2021
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Arrow SIC devices reference design

- 10kW x2 Full Bridge Converter (DC/DC)
- 6.6kW Bidirectional Power Converter (AC/DC)
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I 6.6kW Bidirectional Power Converter Applications

’\)
Q v,
\ \ £ 3 V’.
\ ~ » oL
4 "74 iy o
4 y
Py

2AR———21
g z 0® - |
Cd Static Switch : |
Bidirectional 8 v g v

Converter/Inverter

Power flow: @ G2V V2G W V2H

" Backup Mode

-1

=
Energy storage system

EV system
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I OBC Market Trend

S

High Power Density High Efficiency Lightweight Bi-directional
Power Flow

N —

- .

~
CbDig12Cc

D20p49
Patent pending ||

JNNNNL
p= =
—
L"‘

S EERET

ANNAN

Digital Power

Planar SiC MOSFET Controller
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10kW x2 Full Bridge Converter (DC/DC)

(Uni-directional topology)
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| 10kw x2 LLC Full Bridge Converter

_ -——=a Parameter Value Units
DC Bt‘“ | Bantery Input Voltage 650-750 VDC
— 1 Output Voltage 300-550 VDC
. Line PEC | pepc | =
AC Line Filter Preconverter| — ; | Converter | = Switching Frequency 150-200 kHz
| 1 T Continuous Output Power 20 kW
| )| | I Peak Efficiency >98.4 %
| ] Power Density 60 W Cu/in

\___’

SiC Based 20kW LLC

4 7
Full Bridge Inverter é LLC Tank Full-Wave Rectifier é Output

9 4 W JJ} [T i

2k s JKF 02 & 4

_— Co "Rl

3
000
I
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10kW x2 LLC Full Bridge Converter

SiC MOS, Diodes:
NVHLO60N090SC1 &
SiC Diodes FFSH50120A

GATE DRIVE
Isolated Gate Driver: NCV57000
9A Totem pole Gate driver: FAN3122TMX

650— 750 VDC
Diodes:
1N5819
Optocoupler:
FODS817A CON1
Magnetics:

Sumida- Current Txf, Aux Txf. J100

Pulse- Inductors,

Main TXF: T1-2, abc Coils fabrication

NA\N\OW

con2 B

s

LLC control
ON sem

NCP12958

Control Daughter Board

12V DC
E-cap: Nichicon
< . CON6
SMT-cap: Kemet/ Vishay
z 4 | & 300-550VDC
cf Co
Resonant Tank Film Cap:
Panasonic/ Vishay
+ f CONS
Current Sensor:
<} ce Allegro
control
3 > Others:
NGV LDO = NCVxxxX
control
Op-amp — NCSxxxx
l CON1oo PWM controller: Zener diode --- MMSZXXXX
NCP1395B
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| 10kw x2 LLC Full Bridge Converter

Brand Description

onsemi SiC MOSFET NVHLOG0NO90SCL & SiC Diodes FFSH50120A
onsemi Isolated Gate Driver, NCV57000

onsemi 9A Totem pole Gate driver, FAN3122TMX

oNnsemi Schottky Barrier Rectifier, IN5819

onsemi Optocoupler, FOD817A

onsemi PWM, UC2844B

onsemi NCP1395B

onsemi

LDO — NCVxxxx, Op-amp — NCSxxxx, Zener diode --- MMSZXxXxX

NA\ROW
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6.6kW Bi-directional Power Converter (AC/DC)

(Bi-directional topology)
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I 6.6kW Bi-directiona

7~

1

3

41 % 45
@ 85~

265V,

VDC-Link
500V~840V

% %

\

e

Power Converter

ik s
-—n—| E

ﬁﬁ.}d T 2lo~
44| | asqec

v

1%t Stage: Totem-pole PFC

NA\ROW

2nd Stage: CLLC
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I 6.6kW Bi-directional Power Converter

Composition
Totem-Pole PFC CLLLC Resonant Converter

* Power Board

*
= @ Power Board

* Driver Board

* Driver Board

Power flow: [ G2V V2G W V2H
* Control Board
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I 6.6kW Bi-directional Power Converter

Advantages:

> Bi-directional

> High switching frequency

> Approx. 50% reduction in size vs IGBT design
> High output power

> High efficiency (>96%)

> Reinforced isolation

% AN

Power flow: @ G2V V2G B V2H
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6.6kW Bi-directional Power Converter

Block Diagram

> 2 DSP are used

NA\N\OW

> separate the system into PFC
board and DCDC board

DSP communication

> Noise environment CAN BUS

Isolated AUX power

> |solation consideration so that why
used 3pcs isolation power units for
each power converter

AC zero cross
PWM Soft start
synchronous rectification for CLLLC

e ————————

.

220Vac/35A

Isolated
Voltage
Sense

|_ H3LWNS NI

II
o Ie g
- I 3
13 Iz 2 °
g ’ 2 5
¢ = Reinforc 250-450v DC
g | d 8 -
- Isolated @
| Some
m
| | OPA3Z0 0
-E‘ll_2¥ :_::%_. ‘7 I 1 Rein‘:cm:
(-
Isolated Gate i Isolated
IS(Ell a:]y:; (jzate I I Driver \ / | |307:1ed Isolfgﬁse(?ate \rsa:“asg:
OP-AMP OP-AMP : ‘;ln:s: x?
Reinforced Dual ‘7
‘ oP. I e | '”':g‘" OP-AMP  \/OP-AMP
I roeny L7
| il I
1
!I | | ,
OP-AMP
DSP P DsP — | CLLLC Converter
|
IN Q |
1SO || cAN II CAN [ 1SO =0 &7 7 7 7 7 7 7 7
L] [ ] L] L] h —_— —_—
—_— _— —_—
I +12V Car Battery I
[ |
I +5V (Vac sense) I
: Aux. Power f '
+1.65V PRI +5Y +3.3V Pri, Gale  Sec. Gate u X " O W e r O r I
I PRI & SEC PRI & SEC +15V -3V +15V -3V
: both PFC + DCDC |
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I 6.6kW Bi-directional Power Converter

NVH4L040N120SC1 SiC MOSFET, NCH, 1200V, 58A, 40mOhm, NVH4L040N120SC1 TO-247-4
NCVSS00DADIRZG"™ | 00 2chiior pos 1,26\ t 5V 0.5A Automative 8.Pn SOICN TR
NCV57252 Dual channel isolated gate driver, AEC-Q100, NCV57252
NCV7344D10R2G CAN 1Mbps Power Down 4V-36V Automotive 8-Pin SOIC T/R
NCV7351D13R2G CAN/CAN FD Transceiver, High Speed

NCV8570BSN33T1G LDO Regulator Pos 3.3V TSOP-5(S0OT23-5)

NCV8730ASNADJT1G |LDO Regulator, 150 mA, 38V, 1 pA 1Q

NLV74LCX244DTR2G  |Octal Buffer, Non-Inverting, Low Voltage, 3-State

NRVBAF260T3G 60 V, 2.0 A Low VF Schottky Rectifier

NRVBM110ET1G Diode Schottky 10V 1A 2-Pin(1+Tab) Power Mite T/R
NCV21911SN2T1G Op Amp Single Precision Amplifier 4V-36V 5-Pin SOT-23 T/R
SCV431ASNIT1G \Voltage reference, 2.495V-36V, Adj, SOT23, SCV431ASNI1T1G
SMMBT2222ALT1 Trans GP BJT NPN 40V 1.1A 300mW 3-Pin SOT-23 T/R AEC?Q101
SURA8105T3G Diode Switching 50V 2A 2-Pin SMA T/R AEC-Q101

SZMMSZ16T1G ZENER DIODE, 16V, SOD-123, 500mW, AEC-Q101
SZMMSZ3V3T1G ZENER DIODE, 3.3V, SOD-123, 500mW, AEC-Q101
SZMMSZ4680T1G Zener Diodes ZEN SOD123 REG 0.5W 2.2V

NA\N\OW

Power flow: [ G2V

V2G W V2H
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Appendix

Engineering Solutions Center (ESC)
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I ESC — Centre of Excellence (COE)

Focus Area

Technologies

> Connectivity: wireless connectivity, driver, loT protocol support, cloud platform,
web services

>Embedded System: Linus, Android, BSP, devices drivers

> Power. BMS, AC/DC, DC/DC, USB Type-C

> Motor Control: compressor, BLDC, servo motor etc...

> Sensors: temperature, humidity, ozone, PM2.5, PM10, CO2, CO etc...
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NA\ROW



Thank You
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