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Silicon carbide: A novel material solution to energ y saving

Cleantech Capital Day, Lahti, November 28th, 2007

Niklas Henelius, Director Sales and Marketing



- Silicon Carbide (SiC): A revolution in power electr onics
� Highly improved energy efficiency
� Cost savings on a system level

- A range of exciting end applications will utilize S ilicon Carbide as soon as 
commercially available

� High material quality 
� Several sources of supply needed

- Huge market potential
� SiC market estimate > €2 BN in 2015

- Norstel has a patented and advantaged production met hod (HTCVD)
� Better scalability over time and high technological barrier to entry
� Potential to gain a leading market position during the next 5 year
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- A semiconductor material with truly unique properties
� Withstands 10x higher voltages than silicon
� The thermal conductivity of copper
� Hard as diamond

- => Superior SiC-based semiconductor devices
� Handle high currents and voltages (100 A @ 1200 V)
� Reduce energy losses
� Operate at high temperatures
� Are fast (high frequency operation)

NASA (USA): ”SiC-components will dramatically enhance 
distribution and efficient use of electrical power during 2000-2100”
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� Low loss and high temperature operation enables min iature cooling system 
� As a result of low power losses, driving of a large r motor is achieved

�à 50% Reduction in power loss

�à SiC chip size is only 15% of 
conventional chip size

200V,3.7kW Motor
200v,1.5kW Motor

Inverter Module using 
conventional Si (200V,1.5kW)

A 3.7kW motor driven by
30A SiC Inverter

Inverter Module using 
SiC (200V,1.5kW)

Source: Rohm in collaboration with Yasukawa Electric

A 1.5kW motor driven by
Conventional 30A Si 

Inverter

Loss comparison: SiC vs Silicon

Si SiC
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- Word-wide installations of 
solar power electricity 
forecasted to grow by 20 –
40% annually

- SiC-based inverters offer key 
advantages:

� Efficiency of 97.5% as compared 
to today’s 94 - 95%

� Higher voltage operations 
reducing resistance losses

� Reliable operations over broad 
range of temperatures

� Compact size systems

Source: [Yole Development]
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Source: Toyota
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- Application: Inverters and converters connecting th e battery, the motor and 
the generator

- SiC main advantages
� Fuel consumption reduced by 10 – 30%
� Smaller size of components
� Cost reduction
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“For example, with our hybrid strategy — the centerpiece of our environmental technology initiatives — we are 
targeting annual sales of one million hybrid vehicles by the early 2010s. To that end, we are stepping up 
efforts to develop innovative technology that will reduce costs and raise performance and fuel 
efficiency . Compared with the first Prius model, the hybrid system in current, second-generation vehicles 
realizes better performance and substantially lowers cost; however, development is under way of a next 
generation that halves system size and cost .” (Toyota Annual Report July 2006)

Source: Toyota, September 2007

Environmental superiority of hybrid vehicles
(Toyota, September 2007)
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- High purity SiC for advanced colourless gemstones (“moissanite”)

- Norstel technology => optimal gemstone properties

- Current material market: 15 M$/year, strong growth potential

- Norstel is ramping deliveries to Charles & Colvard

““ Born from a star, a sparkling Born from a star, a sparkling 
fusion of art and science, fusion of art and science, 
a jewel with fire and brilliance a jewel with fire and brilliance 
unmatched by any otherunmatched by any other””
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WafersWafers SemiconductorsSemiconductors Modules / SystemsModules / Systems

• Compact & efficient power 
modules for automotive, industry 
and communication

• Power supplies
• Hybrid vehicles
• Solar power and wind turbines
• Generation, transmission and 

use of electricity
• High frequency electronics

• Diodes
• Transistors

• Power semiconductor 
devices

• Wafers
• Slabs and crystals
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Source: Yole, Norstel Customers, Norstel estimates

- Real, rapidly growing and valuable market
- Total market available to Norstel could exceed EUR 2 bn by 2015
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Benefits
Source material are gases (not powder)
Crystal rotates and moves up

Increased process control 
Constant gas supply
Purity of gases
Temperature control

This enables
�à Elimination of defects
�à Exact doping
�à Higher growth rates than sublimation

Gases

Cost efficiency

Increased process 
yield

Fast R&D cycle

Growing crystal

16



��� #�(���%���(�!�������"��!����(��#

Epitaxy
Measurements

Grinding

Measurements

SiC crystal growth 
by HTCVD

Shipment

Slicing

Polishing
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- Technology development since 1995
- 7 patent families covering core technology, product s and technology enhancements
- New Norrköping plant with pilot production line

� Norstel founded in February 2005
� Ground breaking on factory April 2005
� Installation of first reactors June 2006

� First customer shipments from new fab December 2006
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- Silicon Carbide (SiC): A revolution in power electr onics
� Highly improved energy efficiency
� Cost savings on a system level

- A range of exciting end applications will utilize S ilicon Carbide as soon as 
commercially available

� High material quality 
� Several sources of supply needed

- Huge market potential
� SiC market estimate > €2 BN in 2015

- Norstel has a patented and advantaged production me thod (HTCVD)
� Better scalability over time and high technological barrier to entry
� Potential to gain a leading market position during the next 5 year
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- Silicon Carbide is not just dull electronics……………… .

It also makes rather beautiful gemstones……… .
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