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wide band gap and high heat conduction, but I wonder how to make it possible to use
higher current density. Is there a way to increase the current density by raising Vgs
more than Si or is there another way? (I know it is not higher than Si in terms of
channel mobility, and higher in terms of saturation velocity, but | wonder how to
increase the current density.
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| heard HV H3TRB and SiC Module have a standard called AQG-324 in the
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development trends of advanced companies aimed at DB HiTek?
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Q1) SiC says that the main market is electric vehicles and the recent electric

vehicle market is not good, so isn't it oversupply to advanced competitors
who have already entered?

A1) SiC, a high-power device with superior characteristics compared to Si, has low power loss and
is very good for high-temperature/high-speed operation. (3x the thermal conductivity, 10x the
insulation breakdown electric field strength) This simplifies the size/weight of the final system as
well as the chip size of the product makes it feasible (reducing fuel efficiency/low carbon
emissions from eco-friendly cars)
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In the case of the electric vehicle market, it grew rapidly (50%) by '23 compared to FCST, but in
the case of '24 years, lack of charging infrastructure, high prices, high interest rates, Although
the abolition of subsidies is showing signs of modest growth (16%), each country's low
carbonization policies (carbon neutral 2050) The FCST of long-term growth remains unchanged
on the back. (EU : Green Deal, CHN : Zero Carbon, US : Clean Energy)

Global electric car sales, 2014-2024
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Motes: BEV = battery electric vehicle; PHEY = plug-in hybrid vehicle. Includes new passenger cars only.
Sources: |[EA analysis based on country submissions and data from the European Automobile Manufacturers Association
{ACEA), European Altemative Fuels Observatory (EAFO), EV Volumes and Marklines.
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Q2) What is the difference between Si and SiC from the process point of view?

A2) In the case of silicon, it can be manufactured by introducing a manufacturing device from
the outside and baking a circuit thinly on the silicon surface that becomes the substrate, but in
the case of SiC/GaN power devices, the composition must be changed by ion implantation and
then deposited in several layers before the substrate must be dug deep from top to bottom.

It is a technology that requires knowledge-how accumulated over a long period of time, such
as at what temperature and for how long to process. It is a technology system that requires
analog product technology, not the same performance, even if you make the same thing with
the same device, the same material, and the same shape.

In particular, regarding the ion implantation technology, the Si ion implanter is evaluated to be
high-temperature, but the SiC process uses Al, which is difficult to handle as an ion species,
and a high temperature implantation of several 100° Cis required to prevent
amorphousization in the High Dose implantation. It is very different from Si that high
temperature annealing at 1,600° C or higher is indispensable to resolve residual defects, so a

SiC-only process is required as follows.

SiC epitaxy n+ SIC epitaxy n+

SiC substrate n+

Si02 deposition
Pattern Si02
p-well implantation

SIC epitaxy n+

SiC substrate n+ SiC substrate n+

SiC epitaxy n+ SIC epitaxy n+ SIC epitaxy n+

SiC substrate n+ SiC substrate n+ SiC substrate n+ SiC substrate n+

Polysilicon gate deposition +  Field oxide deposition + 502 deposition * 502 deposition
+  Patternetching +  Gate oxide growth +  Pattern Si02 +  Pattern Si02
ﬂ +  Pattern Etching *  p'-source implantation *  n'-source implantation

SIC epitaxy n+ SIC epitaxy n+ SIC epitaxy n+ SIC epitaxy n+
SiC substrate n+ SiC substrate n+ SIC substrate n+ SIC substrate n+
Dielectric deposition +  Nidepositionand + Tiand Al deposition + Annealing +  Backgrinding
silicidation +  Passivation » Ti/Ni backside deposition +
annealing
Polyimide deposition

Source: Yole Power SiC 2023
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Q3) SiC is many times more expensive, but small-sized chips. Why do you use
them in parallel?

(IGBT only needs to use one 1200V 200A x 1 chip, but does SiC MOSFET use
1200V 50A x 4 chips parallels, 4 times as much?)

A3) As you can see in answer 1, SiC can reduce the system size and weight of electric vehicle
system due to its excellent characteristics. If the chip size is the same, SiC can be used to make
higher current at high temperature. On the other hand, the higher the chip size due to the
higher defect density of SiC raw material, the lower the product yield, which makes it difficult to
secure mass productivity with current technology.

Si vs SiC Products (Below : Chip size, GDPW, Yield)
Si IGBT

SiC MOSFET

Emitter

N Drift

1200V, 200A
(50Ax 48 E)

Chip size Chip size f
AGii AR 1200V, 200A | Smmx5mm X 24chips /Module
192mm? x 6 chips/ Module ! 25mm?

Yield 50760%

Collector

» Reference : Analyzed Data sheet Real chip size measurement by DBH Marketing
IEEE Magazine, 2329-9207/19, White paper by Peter Fridrichs (IFX VP of SiC)
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Q4) How to improve the current density of SiC?
| understand that we can use high pressure characteristics and current density due to wide band
gap and high heat conduction, but | wonder how to make it possible to use higher current

density. Is there a way to increase the current density by raising Vgs more than Si or is there
another way? (I know it is not higher than Si in terms of channel mobility, and higher in terms of
saturation velocity, but | wonder how to increase the current density.

A4) Make the most of your strengths at high temperatures and maximize Channel density structurally

| agree with you that Si has better channel mobility than SiC and is more advantageous for increasing
current density. However, among the many reasons why people who do SiC have good current density
of SiC.... As a reasonable story, there are the following contents.

« This is because SiC characteristics make it easier to reduce the chip size as it goes to high voltage,

and SiC's current driving loss is small at high temperatures.

« For example, if 1200V 100A current spec is measured at 100C at the same room temperature at 25C,
Si IGBT is halved by 50% to 50A, and SiC is halved by 70% to 75A.

A general way to improve the current density of SiC MOSFET 1.2kV products is

« While maintaining the same chip size as before, Rsp is reduced to improve the Rdson while
increasing the current density at high temperatures. In traditional Si, the difference is that the

Rdson is reduced and the Chip size is reduced.

« The disadvantage of SiCis that if the chip size is reduced, the thermal resistance Rthjc is poor and
the smaller chip generates more heat, so there is a limit to reducing it beyond the appropriate
limit. As a result, technology that can improve the cooling system of the power module package

is also being developed.

FOM 1 vgs(on) =18V Fix
Power Loss
Qg x Rson

—— Company C
Gen3 (Y19)

—o— Company D (Increase 2.5V = 3V~)

Gen3 (Y23 (Increase 100A = 110A) FOM 2
(v23) Current Driving (Id) Easy(:o Drive
«««e« Company C SCSOA (Tsc) (Vth)
New Gen4 (Y24)
FOM 3 Vgs(on) = 18V Fix
Chip size low S/W (PFC)

(Same) RdSOh X di
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Q5) Why and how do you do Burn In Screen Test at Wafer Level, which

doesn't exist in Si?

A5) Compared to silicon, silicon carbide has an external defect density three to four times
higher in gate oxide due to a higher electrical defect density, so SiC re-examinations
commercialize a device that matches Vth and RDS(on) after a Burn In Screen Test.

If only the probing test is performed at the Wafer Level, as shown in the figure below, and the
Chip YLD is 90%

This is because the module product (36 chips) CUM Yield falls to the 3% level, making it difficult
to commercialize it

Burn In Screen® StA| %4 E I, Yield S

:: | ] E‘ " -
fir: _
Wafer Test Wafer Dicing Die Level SiC power module
Die Yield" Module Yield with 12 Dies | Module Yield with 36 Dies
99% 89% 72%
98% 78% 52%
90% 28% 3%

Burn-In test is a process that detects the initial failure of a component, so it increases the reliability of
the component. Burn-In test is a reliable and actionable way to increase product reliability

During the Burn-In test, the components operate under extreme operating conditions (i.e. elevated
temperature and voltage)

| Wafersize  [SENRVEIC

Burn-in type HTGB, HTRB
. 2800(W) X 2400(H) X 4500(D)

: T <0<\ (Max)

= - = Temperature RT - 175°C
l gl | = e Voltage Gate 75V, Drain 2000V
L _— £75V 0.1%+0.2V
E— Voltage accuracy 2000V 0.5%+10V
e Current range Gate 100nA/TuA/T0uA/100uA
Sl SourceUA/10uA/100uA/TmA

100nA 1%+0.5nA 1TuA 0.1%+1nA
(@I ET 10uA  0.1%+5nA 100uA 0.1%+10nA
TmA 0.1%+50nA
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Q6) | heard HV H3TRB and SiC Module have a standard called AQG-324 in

the reliability test of SiC products, so please explain

A6) The Qual of high-power devices is divided into AEC-Q101 (Discrete Device) and AQG-324 (Module).
Both standards are vehicle reliability assessments, conditions, quantities, and criteria, with some
similar items, but AQG-324 has higher evaluation item coverage.

As mentioned in Q5's Burn-in Test, it is more difficult to evaluate and verify reliability after module
production because the defect rate is higher when it is a module than when it is a Discrete.

The table below shows the reliability assessment items and conditions expressed in AEC-Q101 and
AQG-324.

Green shows a similar (or identical) evaluation, while red shows a different evaluation.

HTRB, HTGB, and H3TRB are the most important reliability assessments, and DRB (Dynamic HTRB), DGB
(Dynamic HTGB), and Dynamic H3TRB are the evaluations that have been developed to fit more
practical use environments.

Dynamic evaluation is usually performed by actively turning on/off the element along with the gate
drive and can be evaluated as a module. (DRB and DGB can also be evaluated as Discrete)

¢ AEC'Q1 01 (AUtO Electronics Cou nCIl) + AQG-324 (European Center for Power Electronics)
L= = 2s 2
TST Thermal Shock Test -40~125
TC -55~150 co Contactability
HAST 130/85%/max. 42V/)/96hrs v Vibration
MS Mechanical Shock
UHAST 130/85%/96hrs HTRB High Temp Reverse Bias max Tj / 280% VD
AC 121 /1 00% DRB Dynamic Reverse Bias RT / 280% VD / f > 25kHz (off state)
HTGB High Temp Gate Bias VGS,min/max / 50% DUT Positive, Negative
ACBV AC Blocking Voltage DGS Dynamic Gate Stress RT / Vg : min/max / f>50kHz (D>20%)
. . . H3TR8 | High Humidity, Temp R Bi
HTRB | max Tj/max V (Adjust Ta to avoid thermal runaway) jah Fumiety, Temp Reverse B2
dyn. H3TRB| Dynamic H3TRB Vds>0.5Vds,max / >30V/nsec / 15~25kHz
HTGB max Tj/max gate bias (posi, hega) HTFB High Temp Forward Bias Body Diode Test
dyn. HTFB Dynamic HTFB
H3TRB 85/85%/max. 100V/1000hrs
PC(sec) Power Cycle (<5sec) <5Ssec, 85% ID, Coolant flow
IOL dT=100 PC(min) Power Cycle (>15sec) >15sec, 85% ID, Coolant flow
HTS High Temp Storage 2125'C
PTC IOL (small)
LTS Low Temp Storage <-40

HV-H3TRB is not an evaluation condition specified in the standard, but it is a condition
required/presented by Automotive, led by Infineon. WBG devices such as SiC and GaN are demanding
a new standard (Beyond AEC-Q101) that goes beyond the existing Si-based standard, and as part of
that, the evaluation time increase (1008hrs = 2000hrs) of the existing evaluation (HTRB, HTGB, H3TRB)
or HV-H3TRB (HTRB+H3TRB).

Table 3 Selected test conditions for automotive qualifical

Qualification test conditions (examples)

AEC-Q101 Automotive SIC
(beyond AEC-Q101)
H3TRB @ 80-100 V HV-H3TRB @
> 80% Vpss

Static H3TRB @ 80-100V | Dynamic (HV)H3TRB
»  f=typical switching frequency
» VDSIEDD
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Q7) | would like to know about SiC products, major applications, and

product development trends of advanced companies aimed at DB HiTek?

A7) The product line-up is equipped according to the system output power of each application, and

SiC is being developed mainly for high output modules of 200kW or more.
Discrete is applied as a design flexibility and cost-saving strength in systems under 50kW (OBC, Light-

Vehicle) High-power systems are developed optimized for Small Module > High Power Module

characteristics depending on the SiC Power Density of the module product

o

Recreational Equipment

\4

350+kW

10kW 50kW 100kw 200kw

() WolfPACK™ Baseplate less Small Modules e

Discrete Solutions

| » ..
‘ L4
o ) i - | (‘n;._
© e “w.' & W)’
9

BM2 & BM3 XM3
106mm X 62mm 80mm X 53mm

WolfPACK FM3 WolfPACK GM3 DM3
62mm X 33.8mm 62mm X48mm

Reference : 2023 Wolfspeed Roadshow

Source: Wolfspeed 2023 Roadshow

As a new product development trend, a half bridge module of double-sided cooling power
module with excellent cost-effectiveness and product characteristics is being developed

Conventional package for Si device New palckag'e for S'c_ device
Resincase Gel Chip  Bonding wire Molding resin  Copper pins

o

= =

Solder Metal base DCB substrate
Solder DCB substrate
I metal particles with thick copper block

=
(' Compact and High-capacity )
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As shown in the figure below, a customized module product is being developed by the vehicle

manufacturer/module product company (IDM/Fabless), which requires the design to create a
compact SiC-only module optimized for SiC devices

HiTec is preparing a customized metal process (Solderable metal) for support according to
different module products for each customer,

In addition, as mentioned in Q6, for SiC module chip business, we aim to develop products that
meet the module product Qualified AQG-324.

TECHNOLOGIES

C@nfineon ©@BOSCH oy o, Dol yesco

HybridPACK Drive Bosch T-PM module for CHEVROLET

Golf e-Up! 2014 CoollR in Chevrolet  HybridPACK DCM°,S:|000 ;!Afégsularl-
nverter

Volt 2015 Drive 2017

2014 2016 _T
m———————
. i K’[ HITACHI
T TR 1 ‘lic.augmented Hitachi
o s . (\: ) lin Tesla Model 3 2017 in Audi e-Tron
l :ngvsvcmu,
S TOYOTA | "\!,
] Prius IV & Mirai | Mitsubishi ) —
. \ﬁ 20|5 . : jseries 2017
TOYOTA 1 i 1
Mitsubishi in Honda Fit 1 1
Prius (II, 11, lllc) 2014 I 1
Denso Denso Delphi Hitachi Infineon On semiconductor
Viper DSCS VE-Trac Dual
MY 2008 MY 2016 MY 2016 MY 2016

Lexus LS600h Toyota Gen 4 Prius Chrevlot Gen 2 Volt Cadillac CT6

Thermal Grease
Si3N4 pad AlN shim Cu oooling jacket DBC Cu
Thermal Grease TIM DBC AlI203

OF Cu Emitter Cu Heatsink DBC Cu
Solder Solder DBA AIN Isolatlon sheet Solder Sn solder
OF Cu spacer Cu lead frame Mo-Cu Spacer
Sn/Ni Solder Solder Solder Sn solder
Sn/Ni Solder Solder Solder Pb solder
OF Cu Collector | Cu Heatsink Cu lead frame DBC Cu
Thermal Grease TIM DBA AIN Isolatlon sheet DBC Al203
Si3N4 pad AlN shim DBC Cu
Thermal Grease

e e

Source : IEEE, Automotive Power Module Packaging : Current Status and Future Trends
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