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/ The global energy system faces a dual challenge: the need for more
energy and less carbon

-
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Primary energy demand’ gle é g at1.5°C
+25% v
Other
e Global net human-caused €missions
; 0
. 6) of CO, need to fall by about 45%
o cleciricity ; from 2010 levels by 2030

2020 2040
1) Source: BP 2019 Energy Outlook | 2) Summary for Policymakers of IPCC Special Report on Global Warming of 1.5°C approved by govemments ‘ Inﬁ neon



/ Global trends are driving demand for new power semiconductor
solutions

Clean energy Energy efficiency Electric mobility

Renewable energy sources like Reduction of energy consumed is Electrification of mobility is

wind and sun are the vital part of needed, enabling systems that inevitable — in both, private and

new global energy mix make the way we live and work public transport segment
greener

(Infineon



Silicon Carbide (SiC) could be an answer to some of these challenges
and less carbon

New requirements & challenges

#1"] More energy from clean resources

Technical advantages of SiC lead to strong benefits for the system

-\ High-performance systems with lower energy consumption

Reduced system size

Ll [/
Increased performance E
Higher power density H Lower system cost

all

NAVNET



As a result, more and more applications will start the adoption of SiC

solutions and less carbon

SiC Power market development [m EUR]

1331
1129 —
904 [—
127
]
585 Bl
I
2019 2020 2021 2022 2023

1614

2024

2127

2025

E Traction

Industrig)
Mmotor &
Electric Car

UPsS

EPVY invertefs

Power supplies

Other applications

Hybrid and electric vehicles
lectric vehicle charging stations

| Commercial ver

Original data from Omdia in USD, calculation of EUR with exchange rate of 1USD = 0,8933 EUR according to Omdia report below.
Sources: Based on or includes research from Omdia, SIC and GaN Power Semiconductor Market Report 2020 — June 2020, Mid case.

Results are not an endorsement of Infineon Technologies AG. Any reliance on these resulis is at the third party's own risk.

6.1%
13.4%

14.2%
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/

According to Omdia Industrial Power Supplies, Photovoltaic and
Drives are the focus applications for SiC in the industrial landscape

SiC power semiconductors by application SiC power semiconductors by product type
excl. EV, Military & aerospace by Omdia excl. EV, Military & Aerospace by Omdia
[MEUR] CAGR 320 [mEUR] CAGRz020)

| CAGR 5.2 15.5%

+1.612 CAGR 359 15.5% (» 1.612
Other 14.7%

__Full SiC

23.8%
J—@ cAY 31.1%. Modules
__ Hybrid SiC
| £ Traction 18.8% Modules 8.0%
— -
.—@ Photoveoltaic  10.1%

— SiC MOSFETs  16.8%
_'< ) Drives n.a.

821 821
@ EV charging 24%

I — sic JFETs 18.1%

442 A w2 |

SiC Schottky
#. Industrial — " barrier diodes 14.3%
-_ power Lz !
supplies
2020 2025 2029 2020 2025 2029

Qriginal data from Omdia in USD, calculation of EUR with exchange rate of 1USD = 0,8933 EUR according to Omdia report below.
Sources: Based on or includes research from Omdia, SIC and GaN Power Semiconductor Market Report 2020 — June 2020, Mid case.
Results are not an endorsement of Infineon Technologies AG. Any reliance on these results is at the third party’s own risk.
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S|C will add significant value to a broad variety of systems across
many applications

'

Photovoltaic eMobility

» reduction of system cost = » higher reach per charge &

» reduction of system size % y more compact main inverter =

EV charging = Fachon .g

» faster charging cycles I} . Iqwer Sysicy cvost‘ oy
g-) » higher seat capacity g
=

IPS / UPS g Drives =

» higher efficiency - » reduced system size

» reduced total cost of ownership

» reduced total cost of ownership

(Infineon
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/ Customers have the freedom to chose the optimum for their system
when moving from Si to CoolSiIC™ MOSFET

Higher switching Chose the optimum for your system:

f s .
Iy > Increase switching frequency with the same output

power and total losses (keeping same cooling conditions)
Optimization Triangle = Reduce passive components

mix of all keeping

BemscoNng > Get more output power with the same switching

frequency and total losses (keeping same cooling
@ conditions)
] = Higher performance

»  Reduce the losses with the same switching frequency
and same output power
More outout = Better lifetime (keeping same cooling conditions)
viore Iput : = 5 - :
power = Saving on cooling (with the same lifetime)

Less power
losses

* comparable Si solution e
(Infineon



/

Depending on application requirements Si, CoolSIC™ have specific

Silicon IGBT / MOSFET

>

Provides high flexibility as applicable
across all power ranges

Well known technology with decades
of track record

Lower device cost

Broad range of chips and modules
available

CoolSiC™ MOSFET

» Enables new levels of power density
and performance

» Highest thermal conductivity
» Simpler topologies possible
»  Smaller device footprint

NAVNET

(Infineon
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Commercial release of
S20Vand 1008 Vioitage
clarssas for CoolSiC™
MOSIET dacretes

NAVNET

2020

Comrnarcial reicast of the
CoclSic™ Automative MOSFET
1200V m HybricPACK™ Drive

2020 ®
Corrmorciil ree s of the
weorlds first 1200 V transfer
meided SICIPN soktion

powit devices
e Numerous customers rely on Infineon, due to around 20 years of field experience

(Infineon
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/ Wy CoolSiC™?

Product and
technology
leadership

Unmatched
quality and
reliability

Secured
manufacturing

& supply

Broad and
best-in-class
product
portfolio

Infineon is a pioneer in Trench SiC MOSFET and CoolSiC™ is a
comprehensive technology providing uncompromised
performance

While our CoolSiC™ MOSFET comes with a superior gate oxide
reliability, our production and qualification processes have been
optimized >20 years enabling our superiority in chip and
packaging

Infineon relies on a unique in-house capacity in both, front- and
backend, a secured wafer supply and highly innovative
manufacturing technologies (e.a. Cold Split)

Our portfolio is optimized for the specific application
requirements and ranges from SiC Diodes, through Discrete SiC
MOSFETS to Hybrid and Full SiC Modules — complemented by
Driver ICs

NAVNET

(Infineon



/ Silicon carbide chips offer advantages for power electronics

EXTENDED POWER DENSITY

HIGHER VOLTAGE
OPERATION HIGHER FREQUENCY SWITCHING
THINNER ACTIVE LAYERS IMPROVED HEAT DISSIPATION
HIGHER EFFICIENCY 49

22 2
15
1.1 1
Band da Breakdown Electron Thermal Electron drift
IeV]g P field mobility conductivity velocity
[MV/cm] [cm2/V-s] [Wicm-K] [107 cm/s]

BS MSiC
(Infineon



/ Application benefits leveraging SiC physical characteristics

High-voltage operation Electric field —Si

[MV/cm)]
S

45 SIC
4

35
3

> Thermal

Bandgap [eV] 15 conductivity

s [W/ecm-K]

High-temperature

i operations
Electron drift _ _
velocity [107 Melting Point
/ (x1000 °C)
cm/s]
{ J
|

High-frequency switching

(Infineon
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/ R,, X A “roadmap” of HV semiconductor devices

— S| Superjunction MOSFET SiC FET GaN HEMT
CdpIMOS™ C3 Other 1
i CoolMOS™ CP
T 1.00
IS C
G i
< L
X
£
z Si Superjunction limit
§ 0.10 C D. Disney, G. Dolny
o C ISPSD 2008 CoolISiC™ and
o CoolGaN™
L A N
S \
S .
0 A
0.01

2000 2004 2008 2012 2016 2020 2024

T e



/ Flat temperature dependence of the Rpg )

2.50 -

2.00 -

RN
n
o

Rps(on) NOrmalized
o
o

normalized Rpg o, @ T; variation
Sivs. SiC vs. GaN

Rps(on) datasheet value

@ 25°C

-2IS 0 25 5:?
J

e C00ISIC™

75 100 125 150 175
[°C]
CoolMOS™

R, reaches these values
during operations

At 100 °C the Rpg g, Of
CoolSiC™ is 24% lower
compared to CoolGaN™
and 31% lower than
CoolMOS™

NAVNET

(Infineon



/ Trench vs. planar: gate oxide reliability and performance

>

>
>

NAVNET

High defect density leads to high channel resistance and large Rds(on) contribution on the

planar architecture

Vertical SiC interface: low defect density and possible to reach low Rds(on) also with thick GOX

Thick GOX, low Ron*A, high Vgs(th) , can therefore be optimized on more attractive level than planar SiC

Strong trade-off

1| between

performance and
gate oxide
robustness in
on-state

MOSFETs
DMOS
p
Trench
] I
P e '

Easier to reach
performance
without violating
gate oxide safe
conditions

Performance

(infineon

Positioning
CoolSiC™
MOSFETs

@

Robustness

(Infineon



/ Driving voltage: the CoolSiC™ V. advantage

Rps(on) Of IMZA65R027M1H @ T, and Vg variation
based on 1 device with max. Rpg,n, @ 25°C out of 55 pieces in
45 characterization @ 11 A

Recommended Vggon = 0 — 18 V (max. 23 V) Veseon =0V

Highest power handling capability through Enables system simplification in supply voltage
lower Rpg(on) and gate drive circuit
More safety margin against overshoots Behaves like CoolMOS™

Protects against unwanted R, drift

(Infineon



600V/650V CoolMOS™ CoolSIC™ and CoolGaN™ FOMs

analysis

DEVICE V(eripss RosonQrr Roson) Eoss Rosion Qg Rosion Qos

V] [mQ * uC] [mQ * pJ] [mQ * nC] [mQ * uC]
CoolMOS™ 7 600 100% 100% 100% 100%
CoolMOS™ 7- fast diode 600 10% 104% 108% 104%
CoolGaN™ Gen 1 600 0% 84% 6% 13%
CooISiC™ Gen 1 650 2% 133% 41% 21%

/

\

Allows WBG usage in
topologies with repetitive
hard commutation (e.g.,
CCM totem-pole PFC) >
BOM savings for highest
efficiency

'—; wod T CCMPFC
s =l P totem-pole

SiC/GaN in
servers, OBC

Both SiC and Gan allow an
easier way than Si
to top efficiency

Minimum switching losses
in hard-switching
topologies (e.g., classic
boost PFC) > higher
efficiency with GaN

) Classic

o—: - %ﬂ Boost PFC
Si for best cost —
performance ratio

The 3 poducts have similar
behaviour in hard-
switching topologies like
classic PFC

Reduced driving losses
especially at light-load
conditions. Allows WBG to
reach higher efficiency at
increased frequency >
power density increase
(weight & size reduction)

High power density

- e.g., GaN for chargers

For power density, SiC is
better than Si but the

champion is GaN

Enables better soft-
switching (e.g. half-bridge
LLC), where WBG leads
to higher efficiency
combined with high
frequencies

L= iy Half-bridge
g % LLC

K3

SiC and GaN
e.g., in telecom

¥

SiC and GaN are both
better than Si to reach
both high efficiency and
high density

NAVNET

(Infineon



Infineon CoolSiC ™ 650V Gen6 SiC diode Lowest Figure
of Merit VF x Qc

A 9 ici
3 Target Efficiency
.9{ I’]% ,Gen
3
QC l - s Gen 5
N | _
D“ Cond. Losses Gen 2
> >
Vf Load [W]

»  17% FOM Reduction V; x Q. compared to Gen5
- enabling efficiency benefits over whole load range

(Infineon



/ ThinQ!TM Technology
Wire bond ﬂ ﬂ ﬂCurrentﬂow

110pm (G5)
A~

350pum (G2 and G3)

> Thermal simulation: Equal sized chips in TO-220, P, .=75W

153,31 Max
136,28
119,24
102,21
85,175
68,14
51,105
34,07
17,035

0 Min

Schottky contact
Drift layer

SiC Substrate

Reduced substrate thickness
Patented Diffusion Soldering

J

Better heat spread through lead-frame
Lower chip temperature
Lower losses

Improved Soldering
+ Thin-Wafer

NAVNET

(Infineon
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Si, SIC, and GaN Value proposition in the 600V and 650V segment

Silicon (Si)

.9
=

» Targeting voltages ranging from 25 V 1M |
—1.7kV

> The mainstream technology
> Suitable from low to high power

Silicon carbide (SiC)

» Targeting voltages ranging from 100k |
650 V- 3.3 kV ‘

» High power from moderate to high
switching frequency

‘
m |

10k |

Gallium nitride (GaN)

» Targeting voltages ranging from 80 V - 1
- 650V |

> Medium power at highest switching ; e
frequency

» f,, [HzZ]

1) PV = photovoltaic inverter
2) OBC = on-board charger

600V /650 V segment

CoolMOS™, CoolSiC™, and CoolGaN™ set industry technology benchmark to address any applications with pioneering
performance: Datacenter and telecom SMPS, Industrial SMPS, solar inverters, energy storage, UPS, battery formation,
EV-charging plus automotive applications like OBC (on-board charger)

(Infineon



CoolSIC™ Schottky diode 600V / 650V A granular and complete
portfolio

10A
12A

IDHO2GE5CS
IDHO3GE5CS
IDHO4GESCS
IDHOSGE5CS
IDHOGGE5CS
IDHOBGE5CE
IDHCOGESCS

IDH10G65CE

IDH16G65CS

IDH20G65C8

*Common cathode

IDDD04G65Ce

IDDD06G65CHE
IDDD08GE5CH

IDDD10G65C6
IDDD12G65C6
IDDD16G65C6
IDDD20G65CE

IDWi0G65CS

IDW12G65CS

IDWL6G65CS

IDW20365L5

IDW30G65CS

IDW20GE5CS

LRI
™ o -
PIN D

G6 products

IDK02GS5CS
IDKO3GE5CS
IDKO4GE5CS
IDKOSGE5CS
IDKOSGSESCS
IDKOBGESCS
IDKOSGE5CS
IDK10GS5CS

IDK12G85C5

1DLO2GE5CS
1DL04GESCS

IDLOSGESCS

IDLOEGESCS

1IDL10GE5CS

IDL12GE5CS

G5 products

IDW20G85C58*
IDW24G85C58*
1DW32GE5C58*

IDWA0GE5C58*

G3 products

VX Qe [V g

S50

45

40

35

30

~N
)

20

15

10

0

Infinecn [nfineon Wospeed Rohm  United OnSem
G6 GS Siicon
Cartide

VF X QC sV

Fujl
electric

NAVNET

1.55

1.5

1.45

1.4

1.35

ViV]

1.3
1.25
1.2
1.15

11
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/ CoolSiC™ MOSFETs 650 V

Product portfolio Target applications
TO-247-4 TO-247-3

Server Telecom Industrial
SMPS

RDS(onl t\lp
[mQ] 4

A v

EV-Charging

IMZAB5R027M1H IMWB5R027M1H IU
IMZAB5R030M1H IMWB5R030M1H

IMZA65R039M1H IMWB5R039M1H e 3 S
IMZAB5R048M1H IMWE5R048M1H R -l
IMZAB5R057M1H IMWB5R057M1H -
IMZAB5R072M1H IMWB5R072M1H L
IMZAB5R083M1H IMW6E5R083M1H

IMZAB5R107M1H IMWE5R107M1H

(Infineon



Broad discrete CoolSIC™ MOSFET 1200 V portfolio for 3-phase
power systems in the range of 1 — 80 kW

T0-247 ' ' SMD P
L7
Rosion) | 1200 v TO-247 z
- 3pin 1200 V TO-247 4pin 1200 V D2PAK-7pin

3 IMW120R030M1H IMZ120R030M1H IMBG120R030M1H
% 45 IMW120R045M1 — lead product IMZ120R045M1 — lead product IMBG120R045M1H

3 60 IMW120R060M1H IMZ120R060M1H IMBG120R060M1H

% 90 IMW120R90M1H IMZ120R090M1H IMBG120R090M1H

140 IMW120R140M1H IMZ120R140M1H IMBG120R140M1H

220 IMW120R220M1H IMZ120R220M1H IMBG120R220M1H

1 KW 350 IMW120R350M1H IMZ120R350M1H IMBG120R350M1H

EV-Charging Industrial

SMPS

T

()
o Infineon
Available / In pipeline: samples Q4 2019




CoolSiIC™ MOSFET
Solutions for integrated servo motor for robotics

>

— Compact design
— Integrated driver and protect
circuit

Y IT
“”i‘ \4
‘Ili‘i‘t:ll‘
)

>

- FS45MR12W1M1_B11
— B6 topology with NTC
- Simple mounting |

)

CoolSiC™ discrete — TO-247-3/4

- E.a. IMZ120R030M1H

— Full portfolio 30/60/90/140 mQ for
various drives power classes

&

)

CoolSiC™ discrete — TO-263-7
- IMBG120R030M1H ’
— Cooling concept via IMS 7
= Good thermal performance
- Full portfolio 30/60/90/140 mQ to
cover various drives power
classes will be available soon

NAVNET

§ lﬁ-f‘iﬂEUﬂ



/ Strong CoolSIC™ portfolio expansion: by packages and by voltages

@_Bm«f oo Broadest and best-in-class SiC portfolio

product portfolio

Automotive grade

CoolSiC™ o CoolSiC™ | CoolS CoolSiC™ CoolSiC™
CoolSiC™ Hybrid MOSFET

o o T o T o T R AR
9 o T 40 4 &

Continuous extension of portfolio

,,,,, s . || ! Complement the vast portfolio of CoolSiC™ MOSFETs with the EiceDRIVER™

gate driver ICs.
Status March 2021
(Infineon

Link portfolio presentation
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CoolSiCEiceDRIVER™ gate driver portfolio forms the perfect match
with CoolSIC™

Q== Avoid parasitic turn-on: Take advantage of Miller Clamp options

Part Number i Miller Clamp Other Key Features

Compact family DSO-8, 300 mil

! o 125V/105V UL 1577 certified &
X3 Compact isolated high-side ~ [RlascureViPs MIELTATIRLY S AP Yes e e &
39V/44V , DSO-8, 150-mil
1ED Compact isolated high-side [RRIZ0: 713 dion 0V 7V/84V No S T Acetifed
57A Targeting 650 V CoolSIC™
129V/142V =Rk -
DSO-16
150-mil
2EDFXXT5F aAIBA oo 3:,9V\l:r."84‘.’4VV v UL 1577 certified ~
2ED dual-channel Compact 2EDSXX65H 1A12A Wilbancond®y Targeting 650 V CoolSIC™ .
isolated high-side driver family ’ .
LGA-13
DSO16-300-mil
Enhanced famil DSO-16
P L et {ED34xIMU12M  3/6/9A 35V 126V/104V Yes 300-mil
integrated protection UL 1577 certified &
. :
igm ;:'i";:‘_sm 126V/104V VBEGBCS- 1 cartiied
Pt I 1EDISOMUTZM  3/6/9A 35V defaull,but Yes
adjustable

integrated protection
Short-circuit protect your CoolSIC™: Choose EiceDRIVER™ X3 with accurate DESAT protection

(Infineon



/ SiC and Si positioning — summary

CoolMOS™ CoolSiC™
ercioncy ) T
Frequency A K KS * ok khk
Power density 10,0, 0. %1 Kok kk
Efficiency at max power density ). 0. 0 . DX XY 1. 0.8, 8. $X¢

Robustness

High temperature operations

Fit for bi-directional topologies

Ease of use

Price performance(1)

Portfolio granularity

) 2.0 8. 8¢
18 8.8, §A1
1. 8.0, $* 0% ¢
KK KK
1 8.0.0.8 ¢
18 8.8, 8,1

ok ok kk
1. 0.0.0.9.1
1.0.8. 0. 9¢
1.0.0.0.0.¢
0.0, 0, BARAS
). 0.8, BA9%¢

(1) Price performance depends largely on application and efficiency targets

NAVNET

(Infineon



/ Solar string inverters are strongly benefitting from the advantages that e
CoolSIC™ MOSFETS provide

Advantages of SiC

»  With CoolSiC™ MOSFETSs, the power of a string inverter can be
doubled at the same inverter weight

» Furthermore, the efficiency reduction at high operating
temperatures is significantly lower compared to a Si solution. You

can achieve a maximum efficiency of over 99% by using
CoolSiC™ MOSFET solutions from Infineon

@

CoolSiC™ allows a power
density increase by a factor of
2.5, e.q. from 50 kW (Si) to

125 kW (SIiC) at a weight of MR R jrare
less than 80 kg, so it can be 2008 2011 2016 | 2018
lifted by two installers. 100KW. 30 kW50 kW] 125 0

1129 kg 151 kg 70kg| 77 kg

o)

Article: pv magazine top innovation, 14 Nov 2018

| (Infineon



CoolSIC™ helps to reduce energy losses leading to some extra

energy, available when needed

Advantages of SiC

NAVNET

As the battery bank makes up the major portion of the total system

costs for Energy Storage Systems (ESS), a change from super-
junction MOSFET to 1200V CoolSiC™ MOSFET can lead to
approx. 2% extra energy without increasing battery size

5
A 4

Our CoolSIC™ MOSFET 1200V cutting
losses by 50% for extra energy

(Infineon



CoolSIC™ enables reduction of system size of Industrial Power

Supply applications

—

Advantages of SiC

» CoolSiC™ MOSFET offers highest efficiency, and cuts energy
losses by half in the 24/7 operation of online UPS systems

»  Number of heat sinks and filters can be reduced, thus decreasing
the system size and the space required

» By reaching highest efficiency levels, you can lower cooling
requirements and keep your maintenance and servicing costs

low

Using CoolSIC™ MOSFETs in a high-power
UPS will improve the Total Cost of Ownership
(TCO) significantly.

NAVNET

(Infineon
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/ Europe's most powerful 400 kW DC charger: CoolSiC™ for
ultra-fast pit stops

INGEREV® RAPID ST400 from Ingeteam

» Charging time for EV at a level of refueling a conventional car: A stop for
10 minutes allows for an 80% battery charge

» Operates successfully at real life conditions

» Ultra-fast charging points guarantee optimal distribution of the available
power between the four vehicles that can be connected simultaneously

Latest Infineon chip and module technology

switching losses for shorter charging times and

charging stations that are about one-third smaller . Ingeteam
— EasyDUAL™ power modules with CoolSiC™ *35133"“
technology *@:%335

Market News: Link, 8 Jul 2020

§ l‘lﬁ:‘iﬂEﬂﬂ



CoolSIC™ MOSFET powers the next generation of servo drives

design

N

Advantages of SiC

»  Up to 80% of total loss reduction is enabled by more than 50% switching loss
reduction

»  80% reduction of low current conduction loss by resistive behavior

> CoolSiC™ enables motor and drive integration and hence, reduces the
complexity of cabling

No more need for a cooling fan since passive cooling
is sufficient, therefore reducing your maintenance
effort to a minimum.

(Infineon



CoolSIC™ in Server and Telecom power: A simpler way to very high
efficieny “

.

Advantages of SiC

» Supports 50% reduction of losses

» Doubling of power density

» Simplified and cost effective design for top efficiency systems
» Enablement of high power fanless designs for 5G deployment

e,

CoolSIC™ MOSFET 650V enables the cost
effective design of top efficiency and
density SMPS

§ lﬁ-f‘iﬂEUﬂ
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Gate Driver Design for SiC & Success Stories AVNET

09.01.2021 Sam Tseng, Field Application Engineer
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1 Gate driver design .

L 5

2 | Success Stories



Gate Driver Design



/ Gate driver design

0 SiIC MOSFETs characteristics & Gate driver IC

Gate driver design step-by-step

.”--
4 (Infineon



/ SiC MOSFETs Main characteristics

Fast switching
devices

v Canreach 250V/ns

Lo IGBT-dominated working environment:

each mm of PCB track has a strong influence on the MOSFETs’ switching
performance due to high di/dt

° Avnet Confidential <|nf|neon‘




/ SiC MOSFETs Main characteristics

Fast switching
devices

v Canreach 250V/ns

L MOSFET-driven working environment:

higher DC-link voltages lead to longer exposure of the gate driver IC to common
mode transients

° Avnet Confidential <|nf|neon‘




/ SiC MOSFETs Main characteristics

Fast switching enables high switching frequencies

' {infineon
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/ SiC MOSFETs Main characteristics

Fast switching
devices
v~ Canreach = 50V/ns

Lower reverse
recovery charge

v~ Freewheeling body
diode with little Q,,
but with high VF

On-state
‘/ performance
v+ Short circuit
_ performance
High-gate source ©® scarified
voltage
v May need a negative Gate driver circuits and ICs should
gate voltage to stay in support all these characteristics!
off-mode

8 (Infineon



/

Reverse recovery charge Qr of body diode

- Si MOS vs SiC MOS

14000.00

12000.00

10000.00

8000.00

6000.00

4000.00

2000.00

Qr [nC] @ IDS=20A; Vpp=400V

m 650V 41mohm Si MOS w/ FBD

® 1200V 45mohm CoolSiC MOS

25°C 150°C

CoolSiC™ MOSFET has much lower Q,,
that can operate with higher switching frequency!

AVNET

(Infineon



/ Market-relevant SiC MOSFETSs

25
22
20 I
| = Vgsmax m Vgsmin B
Vgsop+ Vgsop-
0 0
-6
-10
MOSFET 1 MOSFET 2 MOSFET 3 MOSFET 4 CoolSiC™
_]

AVNET

. . Max. gate-source voltage range
10 (Infineon

Operating gate-source voltage range



/ Market-relevant SiC MOSFETSs

11
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mVgsmin | |
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MOSFET 1

MOSFET 2

MOSFET

MOSFET 4

S

CoolSiC™

Operating range:

— considerably higher
than IGBTs

even higher than silicon
MOSFETs

Supply capability of at least 25
— 30V is recommended for
driver ICs

Infineon’s CoolSiC™
technology offers the
advantage of requiring
+15 V only!

IAVNET

(Infineon
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/ Negative gate voltage

m Vgsthmax
\4 m Vgsthtyp I
Vgsthmin

> SiC MOSFETSs have lower
u gate-source threshold
voltage than IGBTSs or
silicon MOSFETs

| CoolSiC™: Ve = 4.5V

MOSFET MOSFET MOSFET MOSFET CoolSiC™ Stl” prone to parasmc
1 2 3 2 S— dVpg/dt turn-on

!

Minor negative gate voltage of -
5V <Vgsneq <0 strongly
recommended during turn-off

Using negative gate voltage is state-of-

the-art to avoid parasitic dv/dt-
triggered turn-on!

12 (Infineon




/ Single transistor topologies

Switch mode power supplies with a single power transistor use mainly 0 - 15V

gate supply
°_- II>I o Touck T o ) % .
V|IN Lerc SiC °| (L B _Lb , o V| Lorc EE . C& Vcl)UT
I Vi " . - y
.—¢ C1 Vour Cc1 Vour ‘iT
i =
_GD[> ) Terc — % MNsic =1 —GD[> SN Teo
l | it &
o ° ° + e o—‘—_

Passive dv/dt events do not occur during off-state

Threat of parasitic dVpg/dt-triggered turn-on reduced

13 (Infineon




/ Single transistor topologies

Switch mode power supplies with a single power transistor use mainly 0 — 15V

gate supply

V|N
Vour c1 v
o ouT
ey T H& | Kse = oo @)=
l l ¢ sic
it
o o o ) n

Active miller
clamp function

can support
off-state mode at

unipolar gate supply can be sufficient a gate-source
Voltage of g v

14 (Infineon

EiceDRIVER™ ICs with active miller clamp and




/ Short circuit performance

15

)

SiC MOSFETs have
minor or even no short
circuit capability

Only CoolSiC™ is short
circuit rated

(max.: 3 us)

AVNET

(Infineon



/ DESAT function

Short circuit detection

E.g. 1ED-F2

GATE 54—

VRDESAT
-

Rpesat

GND2

_C‘DESAT Ak

VEEZ2

VUrtrig= 9V — VrpESar — VppEsar
=9V -500 IJ.A *Rpesar— 0.7V

AVNET

DESAT-to-shutdown delay: 430 ns
max.

IC should be triggered at V=2
-4V
Tuning for DESAT trigger:

— ahigher value for Rpesar (€.9.
10 kQ)

Zener diode in series to

R DESAT

(Infineon



/ EiceDRIVER™ ICs DESAT parameters

EiceDRIVER™ sales code
x = “F’! or “H”

(package options)

1EDO020I12-F2 / ED020I12-B2
2EDO020112-F2

1EDI20112SV / 1IEDU20112SV
1EDS20112SV

500 pA 9V 430 ns

500 pA 9V 540 ns

17
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/ Gate driver design
o

e Gate driver design step-by-step

.”-
v (Infineon
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Design steps 1=

Design steps may be fully iterated or partially iterated until the final

selection is done



IAVNET

Design steps -

Calculate peak I, based on the power transistor’s datasheet
Select suitable gate driver based on peak current

Peak current
and gate
driver IC
selection




IAVNET

Design steps -

Calculate gate resistor based on your application’s gate voltage swing
Target: get the same switching performance as in datasheet

Peak current Adaptation of
and gate gate resistor
driver IC value to the
selection application

conditions



IAVNET

Design steps -

Calculate internal power dissipation of the IC Calculate the gate
resistor’'s power dissipation
Verify both power dissipations with datasheet values

Peak current Adaptation of Power
and gate gate resistor dissipation
driver IC value to the
selection application

conditions




IAVNET

Design steps -

Validate absence of oscillations and parasitic turn-on
Verify thermal behavior of gate driver IC in the application

Peak current Adaptation of Power Laboratory
and gate gate resistor dissipation validation
driver IC value to the
selection application

conditions




IAVNET

Design steps -

If in step 4 results are not as expected - iteration loops may occur

Peak current Adaptation of Power Laboratory
i) @eife gate resistor dissipation validation
driver IC vaMeto;he
selection application

conditions




IAVNET

Step 1:Calculation of IG and selection of gate driver IC

AVGS,datasheet

+
G,datasheet R G,int

This formula ignores the internal resistance of the selected gate driver



IAVNET

Step 1:Calculation of IG and selection of gate driver IC

AVGS,datasheet

g =
R ki I:eG,int

G,datasheet

min. typ. max.

Characteristic Values

Rise time, inductive load Ip = XXXA, Vps = XXXy Ty =25°C
Vs = Vasof) [ Vesen) Ty =125°C tr ns
Reon = X, XXQ Ty =150°C

Internal gate resistor Ty = 25°C Raint X X Q

This formula ignores the internal resistance of the selected gate driver



IAVNET

Step 1:Calculation of IG and selection of gate driver IC

AVGS,datasheet

R G,datasheet+ R G,int

min. typ. max.

Characteristic Values
Rise time, inductive load Ip = XXXA, Vps = XXXy Ty =25°C
Vas =WGS(on) T, =125°C tr ns
Ral = X, XXQ Ty =150°C
Internal gate resistor
g T\ = 25°C Raint X, X Q

This formula ignores the internal resistance of the selected gate driver



IAVNET

Step 1:Calculation of IG and selection of gate driver IC

AVGS,datasheet

R G,datasheet+ R G,int

min. typ. max.

Characteristic Values

Rise time, inductive load Ip = XXXA, Vps = XXXy Ty =25°C
Vs = Vasof) [ Vesen) Ty =125°C tr ns
Reon = X, XXQ Ty =150°C

Internal gate resistor Ty = 25°C Raint X X Q

This formula ignores the internal resistance of the selected gate driver



IAVNET

Step 1:Calculation of IG and selection of gate driver IC

AV =
GS,datasheet AVGS,datasheet - | VGS(on) | + | VGS(off) |

RG,datasheet + RG,int

Characteristic Values min. typ. max.

Rise time, inductive load Ip = XXXA, Vps = XXXy Ty =25°C
Vs = Vasof) [ Vesen) Ty =125°C tr ns
RGon = X,XXQ T\'J = 15000

Internal gate resistor Ty = 25°C Raint X X 0

This formula ignores the internal resistance of the selected gate driver



IAVNET

Step 1:Calculation of IG and selection of gate driver IC

AV —
| .= GS,datasheet — AVGS,datasheet = | VGS(on) | + | VGS(off) |
G - —
RG,datasheet + RG,int
Characteristic Values min. typ. max.
Rise time, inductive load Ip = XXX ‘Q Ty =25°C
Vas =V @ T\ =125°C tr ns
Raen =XGSX T\.': =150°C
Internal gate resistor Ty = 25°C Raint X X 0

This formula ignores the internal resistance of the selected gate driver



IAVNET

Step 1:Calculation of IG and selection of gate driver IC

AV —
| .= GS,datasheet —> AVGS,datasheet - | VGS(on) | + | VGS(off) |
G_ ——
RG,datasheet + RG,int
Characteristic Values min. typ. max.
Rise time, inductive load Ty =25°C
Ty=125°C tr ns
Ty =150°C
Internal gate resistor Raint XX 0

This formula ignores the internal resistance of the selected gate driver



/ Step 1:Calculation of IG and selection of gate driver IC

— Peak current = 3.33 A

AVGS,datasheet o | TaE | e Condition

High level output peak current louT+PEAK - A 10)|N+ = High,
(source)

RG,datasheet i RG,int oS S Q=15

1EDC20H12AH

1EDC60112AH
1EDC60H12AH

Low level output peak current louT. PEAK - 10N+ = Low,

(sink)

1EDCO5112AH . - Vycc2 =15V,
B N A

1EDC20H12AH

1EDC60112AH
1EDC60H12AH

The selected gate driver should have a typical output current
value equal or bigger than the calculated value
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Step 2: Simple calculation for initial gate resistor

Peak gate current should be kept constant to allow the application to show

the same switching and speeds provided in the datasheet




IAVNET

Step 2: Simple calculation for initial gate resistor

AVGS,datasheet AVGS,application

|~= =
G
I:QG,datasheet'F RG,int RG,application + RG,int

AV s depends on the application and usually has a fixed range of values



IAVNET

Step 2: Simple calculation for initial gate resistor

AVGS,datasheet AVGS,application

IG: —
I:QG,datasheet'F RG,int RG,application + RG,int

Easiest way to keep the peak gate current constant -adjust Rg appiication



IAVNET

Step 2: Simple calculation for initial gate resistor

AVGS,appIication R ‘:> AVGS,appIication = | VVCC2| + | VVEE2|

- Gint

G,application —

ls




IAVNET

Step 2: Simple calculation for initial gate resistor

AVGS,appIication -R :'> AVGS,appIication = | VVCC2| T | VVEE2|

R G,application =




IAVNET

Step 2: Simple calculation for initial gate resistor

AVGS,appIication ‘:'>AVGS,application = | Vveez | t | Vveez |

= -R ..
G,application IG G,int

—
! +VCC

\
YCC2 p—
| —

\

\1 G
GND2 X
|

\

|

(\/EEZ X 1
-VEE

It is recommended to use negative gate voltage for SiC MOSFETs
to ensure that the device stays turned off during the operation of the power converter




IAVNET

Step 3:Simplified calculation of the power dissipation for the gate driver E@=S

Pp= QG,appIication ] 1:sw ] AVGS,appIication

Calculations are simplified assuming that the power losses during switching
are only dissipated in the output stage of the gate driver



IAVNET

Step 3:Simplified calculation of the power dissipation for the gate driver E&=%

In reality: Gate resistances also
take over some of the losses!

Pp= QG,appIication ] 1:sw ] AVGS,appIication

Calculations are simplified assuming that the power losses during switching
are only dissipated in the output stage of the gate driver



IAVNET

Step 3:Simplified calculation of the power dissipation for the gate driver &8

Pp= QG,appIication ' fsw ' AVGS,appIication




IAVNET

Step 3:Simplified calculation of the power dissipation for the gate driver K@=

Pp= QG,appIication ] 1:sw ] AVGS,appIication




IAVNET

Step 3:Simplified calculation of the power dissipation for the gate driver &S

Pp= QG,appIication ] 1:sw ] AVGS,appIication




IAVNET

Step 3:Simplified calculation of the power dissipation for the gate driver &=

Pp= QG,appIication ] 1:sw ] AVGS,appIication




IAVNET

Step 3:Simplified calculation of the power dissipation for the gate driver K@==

Pp= QG,appIication ] 1:sw ] AVGS,appIication

15V ,
QG,appIication :Qg’on'anOff e e : I

VVEEZ = |

Gate charge of the application can be calculated as the difference between
on-state gate charge and off-state gate charge



IAVNET

Step 3:Simplified calculation of the power dissipation for the gate driver &S

Pp= QG,appIication ] 1:sw ] AVGS,appIication

15V

I
Weea mmmmmmfmmmmmnlonns -

ov

VVEEZ - |
-5v T

1
1 1
Qg,off G0} Qg,on

We can calculate the power dissipated in the gate driver circuit
knowing the target switching application and the supply voltage for the gate driver



IAVNET

Step 3:Simplified calculation of the power dissipation for the gate driver &S

I:)D = QG,appIication ] 1:sw ] AVGS,appIication = PD,OUT,datasheet

Table 2 Absolute maximum ratings

Parameter Symbol Values Unit |Noteor
Min. Max. Test Condition
Power dissipation (Output side) Po, out - XXX mW |J@T,=25C

1
1
1
1 1
1 1
Qg [nC]
Qg,off Qg,on

Linear derating of the power dissipation has to be considered between:
PD,OUT test condition point + maximum junction temperature



IAVNET

Step 3:Simplified calculation of the power dissipation for the gate driver &S

Pp= QG,appIication gy AVGS,appIication < PD,QUT,datasheet

Table 2 Absolute maximum ratings

Parameter Symbol Values Unit |Noteor
Min. Max. Test Condition

Power dissipation (Output side) Po. out - mW |¥@T,=25C

Result < absolute maximum power dissipation Pp.out

In output side of gate driver

1
1
1
1 1
1 1
Qg [nC]
Qg,off Qg,on

Linear derating of the power dissipation has to be considered between:
Pp.out test condition point + maximum junction temperature



IAVNET

Step 4 :Target of laboratory verification 1=

Gate driver circuit

Gate driver IC

Gate resistor value SiC devices

Components were selected -design verification in laboratory is required




IAVNET

Step 4 :Target of laboratory verification 1=

Gate driver circuit

Gate driver IC

Gate resistor value SiC devices

Lab measurements prove that assumptions and calculations result in safe switching of SiC

transistor



Step 4 :Target of laboratory verification

IAVNET

ﬁ”s

= 3 basic tests
= are recommended

Validations to prove the absence
of parasitic turn-on triggered by
dv/dt under worst case
conditions

Worst-case conditions are operations

under lowest application temperatures, lowest drain current and worst-
case gate-source voltage



Step 4 :Target of laboratory verification

IAVNET

ﬁ”s

= 3 basic tests
— are recommended

Validations to prove the absence
of parasitic turn-on triggered by
dv/dt under worst case
conditions

Measurement of
gate driver IC temperature
during steady state operation

It is easier to use an IR camera -thermocouples can also be useful



IAVNET

Step 4 :Target of laboratory verification 1=

3 basic tests
are recommended

Validations to prove the Validation of
absence of parasitic turn- ; gate resistor’s loading

"

on triggered by dv/dt
under worst case
conditions

(Re)

Measurement of
gate driver IC temperature
during steady state operation

IR camera can help getting the heating of elements Peak power of the resistor -

calculated and checked against the single pulse rating of the resistor



IAVNET

Step 4 :First test Parasitic turn-on robustness

Gate driving circuit w/ a SiC power device + gate driver output stage + external gate
resistor

Parasitic capacitances are always present and should not be ignored!



IAVNET

Step 4 :First test Parasitic turn-on robustness

Gate driving circuit w/ a SiC power device + gate driver output stage + external gate
resistor

3 1
IXJ - K fpp—— K~

VEE?2

Capacitive voltage divider [1 increase voltage at gate terminal



IAVNET

Step 4 :First test Parasitic turn-on robustness

Gate driving circuit w/ a SiC power device + gate driver output stage + external gate
resistor

If voltage at gate = gate threshold voltage Vg -transistor could turn on



IAVNET

Step 4 :First test Parasitic turn-on robustness

Gate driving circuit w/ a SiC power device + gate driver output stage + external gate
resistor

Gate resistor should be adjusted to mitigate this:
through the design of a different gate resistor or by using an active miller clamp



IAVNET

Step 4 :First test Parasitic turn-on robustness

Parasitic turn-on should never occur

Use double pulse test

» High/Low drain current Ip=0A/l,om
» High/Low temperature T;= Min. / Max
> Nominal gate voltages

» Test both sides of the half-bridge




IAVNET

Step 4 :First test Parasitic turn-on robustness

Parasitic turn-on should never occur

Use double pulse test

» High/Low drain current Ip=0A/l,om

» High/Low temperature T;= Min. / Max
> Nominal gate voltages

» Test both sides of the half-bridge




IAVNET

Step 4 : Second test Temperature investigation of |C using IR camera 102

During thermal steady state operation,
case temperature can be recorded

Ideally tested under expected operating ambient temperature!



/ Step 4 : Second test Temperature investigation of IC using IR camera

During thermal steady state operation,
case temperature can be recorded

Record case temperature with a thermal
camera

Junction temperature can be calculatgd

T,=Pp- LIJth,jt + Tease




/ Step 4 : Second test Temperature investigation of IC using IR camera

During thermal steady state operation,
case temperature can be recorded
Record case temperature with a thermal

camera
Junction temperature can be calculated

T,=Pp- LIJth,jt + Tease

Table 3 Operating parameters

Parameter Note /
Test Condition

Thermal coefficient, junction-top ) 7) at T, =85°C




/ Step 4 : Second test Temperature investigation of IC using IR camera

During thermal steady state operation,
case temperature can be recorded
Record case temperature with a thermal

camera
Junction temperature can be calculated

T,=Pp- LIJth,jt + Tease

Table 3 Operating parameters

Parameter Note /
Test Condition

Thermal coefficient, junction-top 7) at T, =85°C




/ Step 4 : Second test Temperature investigation of IC using IR camera

During thermal steady state operation,
case temperature can be recorded
Record case temperature with a thermal

camera

Junction temperature can be calculated

TJ = TJ ,max

Table 2 Absolute maximum ratings

Parameter Note /
Test Condition

Junction temperature _ % =




/ Step 4 : Third test Calculation of peak power stress in gate resistors

During steady state operation, R;temperature can be recorded

A good way to measure Rg

temperature (especially if IR camera
IS used)
IS during case temperature
measurement for the gate driver IC




Summary

Gate drivers design

has to support SiC
MOSFET’s

characteristics

——
al—
———
L1
e—
—

SiC MOSFET’s
switching behavior
has to be verified

experimentally

Power dissipation of
the gate driver circuit
has to be verified by

calculation and
temperature
measurements

IAVNET




/ Recommended EiceDRIVER™ for SiC MOSFETs

67

1EDI20N12AF
1EDI6GON12AF
1EDI20I12MF

1EDI Compact
Isolated High-
Side Driver Family

1EDI20112MH

1ED-F2 Isolated High-
Side Driver with

Integrated Protection e

2ED-F2Isolated Dual
High-Side Driver with
Integrated Protection [BIIslplkpA=

1EDS Slew Rate
Control (SRC)
Isolated High- Side
Driver

1EDS20112SV

1EDI20H12AH
1EDI60OH12AH

Typ. Peak
Drive
current

35A
9.4 A
35A
35A
9.4 A

35A

20A

2.0A

20A

vee2- | Typuvio
VEE2 Thresholds

35V 9.1V/85V
35V 9.1V/85V
20V 119Vv/11Vv

35V 12v/11.1V
35V 12Vv/11.1V

20V 119Vv/11v

28V 12v/11Vv

28V 12v/11v

28V 119Vv/11v

Avnet Confidential

Typ. Prop.

Delay

<120 ns
<120 ns
<300ns
<125ns
<125ns

<300 ns

<170 ns

<170 ns

<485ns

No
Yes
No
No

Yes

Yes

Yes

Yes

IAVNET

Miller
Clamp Other Key Features Package

DSO-8
) ) 150 mil
Functional Isolation ,
8 mm Creepage
= DSO-8
Clearance 653
UL Vgrus 3 kV certified versions il
will be available in July 2017 '
DSO-16
Short circuit clamping; DESAT
protection; Active shutdown
DSO-36
Real-time adjustable gate
current control; Over-current DEIO
protection, Soft turn-off shut
down, Two-level turn-off . .


https://www.infineon.com/cms/en/product/power/gate-driver-ics/galvanic-isolated-gate-driver/1EDI20N12AF/productType.html?productType=5546d46247342c6301478c94c8896a07
http://www.infineon.com/cms/en/product/power/gate-driver-ics/galvanic-isolated-gate-driver/1EDI60N12AF/productType.html?productType=db3a3044426a54fb01426c0d4c181378
http://www.infineon.com/cms/en/product/power/gate-driver-ics/galvanic-isolated-gate-driver/1EDI20I12MF/productType.html?productType=5546d46245da30dc014628ba8a52228c
http://www.infineon.com/cms/en/product/power/gate-driver-ics/galvanic-isolated-gate-driver/1EDI20H12AH/productType.html?productType=5546d462525dbac401532c79354473a8
http://www.infineon.com/cms/en/product/power/gate-driver-ics/galvanic-isolated-gate-driver/1EDI60H12AH/productType.html?productType=5546d462525dbac401532c792e2e73a6
http://www.infineon.com/cms/en/product/power/motor-control-and-gate-driver-ics/isolated-gate-driver-ics/1EDI20I12MH/productType.html?productType=5546d462525dbac401532c79219a73a3
http://www.infineon.com/cms/en/product/power/gate-driver-ics/galvanic-isolated-gate-driver/1ED020I12-F2/productType.html?productType=db3a304430f67fc00131036068c70785
http://www.infineon.com/cms/en/product/power/gate-driver-ics/galvanic-isolated-gate-driver/2ED020I12-F2/productType.html?productType=db3a30443322879801334092b0db0d35
http://www.infineon.com/cms/en/product/power/gate-driver-ics/galvanic-isolated-gate-driver/1EDS20I12SV/productType.html?productType=5546d46245da30dc0145f9bc62972cfa

Success Stories



/ Benefits that SiIC MOSFET bring to system

Reduced AR
control L> Vac min” A(Vout-ﬁvac_min) L $
: ‘ - %ripple'Pam.&d Vout F R\
design effort 7\
& fewer

gate drivers Higher smaller
switching m;?:;g‘r’s
frequencies

losses

1

Simplified
topology
due to low
switching
losses

e
-9

N
Higher efficiency hi:?;ﬂir&
lower losses packaging

69 (Infineon




/ Benefits that SIC MOSFET bring to system

SIIGBT SiC MOSFET
Reference Demonstrator

70 x 55 x 40

Size (Hx W x L) 125x 95 x 70
[mm?]
Weight 3.20 kg 0.50 kg

Size (HXx W x L) 139 x 300 x 185

[mm?3]
Weight 3.77 kg

0.93 kg

70

84 x 206 x 134

Conversion Efficiency

AVNET

1,00 - °
..
0.98 _I—l\.’l\.\ A AAA“ 2o .\
N
“ “t .
0,96 \l \o
g %
\. A
0,94 - A
L]
\
'\ —m—SiIGBT
0,92 - a8 —@— SiC MOSFET using sync. rec.
\ A SIC MOSFET w/o syn. rec.
0,90 \.
T T L
10 100

Switching Frequency [kHz]

SiC MOSFET vs Si IGBT

(Infineon



/ Successful stories

© Power Supplies

Ao N
T I
T
ASRE )
X .
-
-
_ xm—
i

h (Infineon


https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwiPgYXr-5jyAhUPt5YKHUmXCgUYABAEGgJ0bA&ae=2&ohost=www.google.com&cid=CAASE-Ro0DrAFfdq2NSqiCbY8yCx30I&sig=AOD64_13kTPrFXKONu_HAWOY3ADbR9Xrvg&q=&ved=2ahUKEwjI4P3q-5jyAhXUA4gKHTIhD4cQqyQoAHoECAQQEQ&adurl=

/ Successful case: Brick Power

Block Diagram

DC/DC
AC 110V/264V PFC
IMT65R022M1H IPL60R104C7

.’

Benefit

= | * High power density

(From Brick power to half brick- Volume 50%
reduction)

* Increase efficiency
4z . Provide better temperature performance

72

IAVNET

Application

* Project: 750 half brick power

Key Component
o

{nfineon

SiC MOSFET:
IMT65R022M1H 1pcs/set

-,
(Infineon



/ Successful case: 1200W server power

Block Diagram

PFC DC/DC
AC 110V/264V
IMW65R048M1H IPP60R08OP7

.’

Benefit

=« High power density(Volume 1/3 reduction)
* Increase efficiency
= * Provide better temperature performance

Higher reliability at high temperatures and
lower power loss.

73

Application

* Project: 1200W Server power

Key Component

i

{nfineon

SIC MOSFET:
IMWG65R048M1H 1pcs/set

IAVNET

-,
(Infineon



IAVNET

Successful case: 25KW X-ray Power

Block Diagram Application
* Project: 25KW X-ray Power

Full Bridge _|, High voltage Voltage . m
e M—> transformer_> Doubler ~ [t |”"|ilIIII 3
L |

.
Benefit Key Component
d= ' «High power densit e i
anp - Y (Inflneon “"“nir"?t‘i e,
* Increase efficiency Lo ok

=) é.’ - =g m E/TJ'
SIC Module: 5% -
FFSMR12W2M1 B1l 2pcs/set o

7 (infineon

* Provide better temperature performance



https://www.infineon.com/cms/cn/product/power/mosfet/silicon-carbide/modules/ff8mr12w2m1_b11/
https://www.infineon.com/cms/cn/product/power/mosfet/silicon-carbide/modules/ff8mr12w2m1_b11/

/ Successful case: Bidirectional DC Power Supply

Block Diagram
AC 110V PEC DC/Dg
1380V IMW120R030M1H IMW120R030M1H
Gate driver

Gate driver

Benefit

£+ High power density
* Increase efficiency
=« Provide better temperature performance

75

Application
- Project: 18kw DC source

-

Key Component

o/."
{nfineon

SIC MOSFET:
IMW120R030M1H 2pcs/set

IAVNET

&g

.”-
(Infineon



/ Successful case: 450W AC-DC Power for Telecom

Block Diagram Application

* Project: 450W AC-DC POWER FOR TELECOM
IDHO6G65C6

Benefit Key Component

=+ High power density L

* Increase efficiency Infineon @

d= - Provide better temperature performance

SIC DOODE:
IDHO6G65C6 1pcs/set

.”-
76 (Infineon



/ Some Different Possible Application Areas for SiC

aSolar « b UPS/Energy

Storage

d Motor Drives

¢ Electric Vehicles
Charging

. (infineon

Copyright © Infineon Technologies AG 2019. All rights reserved



/ Successful stories

© urs &
Energy Storage System

/0
b (Infineon



i

Successful case: 20KW UPS System

Block Diagram

PFC
AC 110V/264V IMBF170R1KOM1
IDW40G120C5B

DC/DC
IPP60R060P7

.’

Benefit
* High power density
* Increase efficiency
* Provide better temperature performance

Meet IDC(Internet Data Center)Requirements,
Higher reliability at high temperatures and
lower power loss.

Application

* Project: 20KW UPS System

Key Component

o

{nfineon

SiC MOSFET: IMBF170R1KOM1 1pcs/Set

SiC Diode:IDW40G120C5B 1pcs/Set

IAVNET

102
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/ Successful case: Off-line UPS

Block Diagram

AC 110V/264V PFC
IMW65R107M1H

DC/DC
IPP60R060P7

.’

Benefit

* High power density (Lightweight, downsize)

* Increased efficiency
* Provide better temperature performance

80

IAVNET

Application
* Project: Backup power source (AC/DC power)

" in\]

(1

[
Wy

Key Component

o/.’
{nfineon

SiC Diode: IDHO6G65C5

-,
(Infineon



Year 2008, Year 2011,

50 kW, 151

Year 2016,

/ Energy Storage System with SiC

|

Year 2018,
125 kW, 77
kg, 0,72 m
Height

SiC

Copyright © Infineon Technologies AG 2020. All rights reserved

Value proposition

® Power density increase by factor
2.5 (50kW - 125kW)

® Reduction of number of switches (5-

level to 3-level), reduce risk of failed
failures

® Use of SiC enable higher efficiency at
high operation temperature

® Source:
https://www.pv-magazine.de/2018/11/14/pv-magazine-top-

innovation-kacos-neuer-siliziumkarbid-wechselrichter/

(Infineon


https://www.pv-magazine.de/2018/11/14/pv-magazine-top-
https://www.pv-magazine.de/2018/11/14/pv-magazine-top-innovation-kacos-neuer-siliziumkarbid-wechselrichter/

/ Successful case: 3.3KW Energy Storage System

Block Diagram Application

* Project: 3.3KW Energy storage system for factory
DC/DC

Benefit Key Component
* Higher power density —
« Higher efficiency w
« Smaller size and weight of systems ,
= /* Robustness and higher system reliabilit S DIODE:
d= - Robus gher sy y IDHO8G65C6 2pcs/set

.”--
82 (Infineon



/ Successful stories

@ Electric Vehicle (EV) Charging

83 (Infineon



/ EV charger PFC stage

84

Efficiency [%]

PEC - Vienna

*01 Z

RD3 *DS

R & = _@})m _(E}Qe
Q3 1%
Qs Q6 —|E
™ N = Q9 Q10
zlsoz D4 zlsoe
20 CoolMOS™
IGBT
98.5
With Si
98.0 diode
”—"--\,
97.5
97.0

*07 *DB

AY|
Al

lE_I zlgog Z&D10
[‘_I—TDH *mz

D13 AAD14

With SiC
diode

’,——-\'
td

s
-

IAVNET

SiC vs. Si diode:
(1 +0.8% higher efficiency

for >80% increased output power!

(o]

—IGBT w. Sidiode

25

50

Qutput power percentage [%]

CoolMOS w. Si diode

—IGBT w. SiC diode

100

CoolMOS w. SiC diode

-,
(Infineon



IAVNET

EV charger DC-DC stage

DC/DC- 2x Full Bridge LLC with 600V MOSFET

|

JSDl ZkDa ZTXDs J§Q7 JaQs ﬁ ggDs
3

—
A
|
—
N—

|

1

2
d]

s JFou| Do g

- P -Z"S-Dm
5 6 — | - -
Z|SD2 21§D4 zlgD6 } =0 o.. 12 D1s

i
o
Ol
T
|1l

11 -
F1

©

[ f;’

2
Al
r

Si to SiC solution in DC/DC:

® 2x Full Bridge to 1x Full Bridge
DC/DC- 1x Full Bridge LLC with 1200V CoolSiC

® Reduced part count
) AD1 RD3 AD5 Ko7 *DS
® | ess number of semiconductor N S = = - a2l
parts onthe  current path B - Yoo Ebis
Q3 Q4
® Potential smaller size magnetics SN B
as s ) | D11 ZAD12
s =~ _@309 _@901(
D2 ZAD4 7RD6 Ab13 ZFDM -,
g5 Infineon



/ Successful case: 12KW Charging Pile

Block Diagram Application

Interleaved PFC Full bridge
AC 220vI240V IPW65R019C7 IMW65R027M1H

* Project: 12KW Charging pile

=s

Benefit

* Increased efficiency i
= |« Fast charging cycles Infineon
- * High power density

T - : : SiC MOSFET:
Mln!mlze the size and weight of the charging IMW65R027MLH 4pcs/set
station-Easy to install

.,c
86 (Infineon
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/ Successful stories

O Motor drive

87

No magnetics Typical = 4 kHz

Simple topology

IAVNET

-,
(Infineon



SiC and Si for a 22 kW 480Vac

lllllll\lllllﬁlll @

KE £k \:' . 80

FS100R12KT4
70

60
50
40
30
20

10

Power losses per switch W

FF11MR12W1M1

I
-58%

-53%
SiC MOSFET IGBT SiC MOSFET IGBT
@4 kHz @4 kHz @8 kHz @8kHz

13131

On state loss transistor

. Switching loss diode

. On state loss diode

. Switching loss transistor

Copyright © Infineon Technologies AG 2019. All rights reserved

88

AVNET

(Infineon



/ Lower losses bring lower weight, size and cooling effort .

2 7
GATTIIIIII I o

60% size and weight reduction

For some applications, weight &
size are key design parameters.

89 (Infineon



/ Successful case: 15KW motor drive for Fuel Cell Bus Air Compressor

Block Diagram Application

DC 600V inverter DC/AC DC OUT
FF11MR12W1M1_B11

* Project: 15KW motor drive for fuel cell bus air compressor

i e a
e } B e, - = -
. _‘v' -_— \ 3]

| 4 St

Benefit Key Component
d= + SiC can reduce switching loss, suitable for g
45KHz applications and high power 15KW (infineon Ll
application el >
(Reduce noisg gnd increase control stability) SiC MOSFET Modules: @) S (2
* Increased efficiency FF11MR12W1M1_B11 3pcs/Set )

4=+ Higher power density (Lightweight, downsize)

.”-
(Infineon



/ Successful case: 22kW Industrial Drive

Block Diagram Application
Proctifer Clrcul * Project: Industrial Drive 22kW
AC INPUT - Fp1mn?2?ﬂg” B11 ’. y ;
mMcu Gate driver ‘Cusrrent Semsor

Aux Power

SiC MOS - IMBF1TOR1KOM1

Benefit Key Component

d= - Reduce the size of the auxiliary power transformer .

and heatsink {nfineon

* Increased efficiency
4= + High power density SiC MOSFET.
(Reduce the size and weight of the drive) IMBF170R1KOML 1pcs/set

IAVNET

.”--
(Infineon



/ Successful stories

© Solar Applications

- (Infineon



/ Solar Applications: Why is SIC a Good Fit?

Example - PV String Inverter BOM Cost

[l Power Modules

@ Controls

M Housing & Heatsink

Magnetics

Capacitors

Bl SMPS & Components

EMI Components

Estimated % Material Cost Breakdown

o3 | (Infineon



/ Solar Applications: Why is SIC a Good Fit?

Effects of Switching Frequency on a 30 A Boost Inductor

16 kHz

Wﬁfﬁﬁﬂﬁxi uww;gtpulg;

oc A

94

>

>

>

>

At 48 kHz
Cost =55% reduction
Weight = 60% reduction
Volume = 65% reduction
Losses = 19% reduction

Compared to 16 kHz solution

IAVNET

.”--
(Infineon



/ Summary .

0 1.To gain a Competitive Edge O 2.Easier to achieve performance

—High efficiency, reduce system space indicators

and light weight -EMC/Noise/Efficiency/Heat dissipation

O 3.There are more and more successful Q 4.SiC can be used as a market segment,
cases and new application differentiation and product highlights

-Current trends -High-end products

95



Thank You
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Reach Further®

Sam Tseng

FAE

9.2021
Sam.Tseng@avnet.com
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