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Different substrates for GaN epitaxy

“Direct growth or buffer approach” @)
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University Magdeburg

2001-2012 GaN LED market

status and forecast in M$
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Main agreements and cross-licenses in

LED business
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University Magdeburg

GaN LED Market Generalities

New technologies in development

Market Need Application Device :  Process : Key players
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2006 sapphire substrates market for LED:

price, units and diameter analysis

« 2006 Average Selling Price (ASP):

- 2 2006 sapphire substrates market in mm2 processed.
o PXX-$XX (Korea, Taiwan or China) Breakdown by diameter
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SiC wafers diameter evolution for
for GaN/SIC HB-LED production 2005-2012
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2005-2012 SiC substrates diameter breakdown for GaN LED at CREE
(in % of processed surface)
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GaN FET commercialization

status & announcements

Nitronex
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Power Amplifiers (PA) for Base stations (BTS) market

Si LDMOS & GaAs pHEMT 2006 status

« Base station’s Power Amplifiers (PA)
market was in the range of $435M in
2006 widely dominated by silicon
LDMOS technologies

Silicon
LDMOS
90%

 Typical base station average RF power
IS 200-350 watts
_ Typ|Cal ZG baCk'Off 3 dB PA’s technologies breakdown
— Typical 3G back-off: 2.(' d3

e 70% of the PA cost is due to transistors.
— 12 to 18 transistors in a 100 watts (peak) PA.
— 5to 12 PA’s in a base station
— 120 to 360 transistors in a base station
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Possible applications for GaN devices in power
electronics

GaN devices in power
electronics
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Estimated accessible markets, growth rate, and time

to market for GaN based power electronics

CAGR (%)
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Automotive Application:

Hybrid Electrical Vehicle (HEV) requirements.

« DC-DC converter

— Goal: to provide a high voltage (400V) to 12V Q| _|£
output, with an option to provide a 42V output. Ve«2 Dy v -l
— Typical power rating: 3 to 10kW L e 23, Lo ot [y,
with switching frequency of 50-100 kHz Vper2l . E‘ e Y '
M”hr afy» 2

Isolated full-bridg. step-1own dc-dc converter

 Inverter (DC-AC 3-phases converter)

— Goal: To develop an integrated motor/controller Zach transistor and diode has to
comprised of the motor and inverter in a single Typical 400 / 5C handle 400 V and 200 A peaks.
package. The goals for the system include an bettorv zack /

integrated power electronics system capanle of
15 years lifetime and capable of delivarng ot
least 55 kW of power for 18 sec and' 3C kw
continuous power.

— Up to 300 A per motor nr.axe
— Cost < 7$/kW

CHEIES
T~
o} 7

Three-phase inverter traction drive

Typical motor: 30 kW,
230V, 4-pole, 3000 rpm

A
GaN power electronics: HEV market B R TG T

b © 2007 » 12




2005-2012 GaN devices revenues in M$

for LED, Laser, RF & power electronics
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