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Comparison with mainstream SC market:

in 2005, Power Devices is accounting for ~10%

The mainstream

semiconductor food chain The power devices food chain

Global electronics market: > $1000B (about $100B for power electronics systems)

ices

Equipments
$35B < (Front & Back-End) > $2.6B
$8.1B $617M
< Wafers only > (17.6M x 6” units)
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Ranking of power devices manufacturers

2004 ranking based on sales
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Wafers size

(Source: DataFab / World Fab Watch)

 4” and 6” wafers are mainly used and no move to 300 mm is forecasted

(statistics made on 82 power devices fabs)
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SiC diodes and transistors

Main targeted applications and specs

2006 status
SiC diodes SiC diodes
in prod.

Targeted specs
for a single chip

800 volts
1-10 Amp
200 - 300 kHz

SiC trans.

Power Supplies

Z00GISTalls

SiC diodes
Targeted specs

for a single chip

1200 volts
100 Amp ZDDBISTEUS
200 - 300 kHz

SiC trans.

Inverters & converters
Automotive, solar & wind power
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Process cost per square units for

different SiC components

2”, 4H SiC row Electronics Electronics MEMS
substrate “Schottky” “MOSFET” (Incl. packaging)
Cost/ surface| 0.2-0.5%/mm?| 0.6-1%mm? |[1.6-2.7$/mm?| 0.8 —3 $/mm?
/f
Depending on
the volumes
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SiC Schottky diodes

Devices specs roadmap (R&D)

2005 2007 2009

10A/1200V 40A/1200V 100A/1200V

 Roadmap is given for single chip device, at R&D level.

» This evolution is linked to the improvement of useable area, and so to micropipes
density

* A 100A diode will need about 10x10 mm? micropipe-free active area. 1200 V breakdown
voltage requires about 12-15 pm epilayer thickness.

* It’s now all a question of material ! .... and cost....

. PFCmarket )
y YOLE D
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Automotive Application:

Current technologies in use
e <100V dc: Power Si MOSFET (f

> 200kHz)

max

e >200V dc: SilIGBT (f

« 100 -200 V dc:

— Low current apps: MOSFET
— High current apps: IGBT

e Junction T° ~175°C max.

* From 2 to 6 paralleled devices per switch to handle the
current level (~300 A)

12 & 42V HEV & EV battery packs and
electronics | related motor drives
I
0 42V 100 V 150 V 200V 350 V

P
<

~20kHz)

max

Si MOSFET ] ) Si IGBT

. N
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Roadmap for operation voltage in HEV

There is a clear trend to increase
operation voltage from native battery
2500 pack 400V to 2kV through the use of
Maximum operation voltage roadmap boosters
New generations of HEV cars are
2000 planed to integrate boosters
o According to Toyota the upper limit will
g reach 2kV. We forecast this value to be
= 1500 - set 2010 and beyond.
Z New Toyota RX400h is now running
o 650V operation voltage
hd
g 1000 SiC is already proposing 1200V devices
8' (Schottky diodes)
500
0
2002 2004 2006 2008 2010 2012 2014 2016
Honda electric engine
. A
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Hybrid powertrain costs breakdown

Engine Others
3% 8%

Electric motor
4%

Battery pack

Electric cables 52%

5%

Transmission
7%

Inverter
o
21 /° Source: GM
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GaN & Diamond electronics

Active layer thickness comparison

10000

Typical depletion layer width need for 10kV breakdown voltage in pm

1000

10

Depletion layer width (um)
-_—
o
o
|

Silicon GaN SiC Diamond

GaN & Diamond y'\.,.. o
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