OptoGaN

Enabling bulb-like brightness for LEDs

OptoGaN i1s a developer of product- and process technology
for white HB-LEDs for applications that request LEDs
with bulb-like brightness such as
[lumination, Automotive and LCD-Backlighting



Now

Research center in Helsinki, Finland: Pilotline in Dortmund, Germany:
= State-of-the-art cleanroom environment = State-of-the-art cleanroom environment
= Research 3x2” MOCVD reactor = Volume 19x2” MOCVD reactor
= Manual LED processing tools = Full chip processing line
= Set of characterization tools = Analytical lab



Komnanusa-naptaep:
MPOU3BOAUTEAD OCBETHTEABHBIX CUCTEM

ITpon3sBOACTBO CBETOAMOAHBIX YHUIIOB




LED Production Cycle
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Komnanusa-napraep:
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HPOI/ISBOACTBO CBC€TOAUOAHBIX YHUIIOB




ITponeccupoBanme NAACTHH
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Komnanusa-naptaep:

HPOI/ISBOACTBO CBCTOAMOAHBIX YHUIIOB
IIPOU3IBOAUTEAD OCBETUTEABHBIX CHCTEM




LED Production Cycle

Pocr naacrun npoueccupouauue INAACTHH YiiakosBka YHI10B
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(anmrakcusn) B AAMIIbI

Komnanus-napruaep:
HPOU3BOAUTEAL OCBETHTEALHBIX CHCTEM

HPOMSBOACTBO CBETOAHOAHBIX YHUIIOB




Mission

$12 billion illumination matket by breakthrough in cost/petformance
ratio of LED lamps
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Back lighting for cell phones and LCD:

Progress and growth in the cell phone LED market have improved as the displays have
changed from green to yellow and blue and to full colour.

Use of colour screens 1s expected to grow to 75% by 2007.

Historical colour backlight market shares (in millions of cell phone units) :
* 28/400 in 2000
* the market share estimated to be 430/600 in 2006.




Interior and exterior automotive lighting:

The LED advantages are:

e improved safety

* power savings

* styling opportunities
* reduced dimensions

* multicolour interior

* lighting options

* system cost savings

Annual market growth rates in this segment are expected to be in
the 10 to 15% range.




Large signs and displays:

= outdoor video signs

= sports stadia

= advertising

= mono-colour terminal

= traffic signals

» indoors for arenas and racetracks
= other video displays

= exit signs
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HB LEDs for Lighting:

Apart from these, GaN LEDs target the general illumination market worth of $12
billion.

The HB LEDs will compete with incandescent lamps by 2007 and ma]orlty of
tfluorescent lamps by 2012.

LEDs offer the wide range of advantages:
® )igh efficiency,
® Jow power consumption
® Jower operating temperatures

® the non-use of mercury
® cxctended lifetime (about 10 years)
® new design utilities
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Energy Savings:

Development of GaN technology 1s accepted as a strategic direction in many
countries including USA, Canada, Japan, and Germany. One of the reasons is the
potential advantages that can be derived from LED-based lighting from the point
of energy saving,

In United States, the financial support for the Next Generation Lighting Initiative
(NGLI) has been included in a Senate Energy Bill, and this technology was
declared as vital for National Security interests.

The national project named “The Light for the 21st Century” has been also
organized and funded by government in Japan.

Energy savings in USA due to penetration of HB LEDs in everyday life:
2002 — 9.6 TWh per year (1TWh = 1,000,000,000 kWh)
2015 - 970 TWh per year — equivalent to ~ 100 large power plants

12



HB LEDs for Lighting:
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Emerging applications:

Upon developing, GaN technology targets also new high volume markets:

+*» Violet Lasers for next generation DVD high density data storage systems
and high resolution printing/copying

*» High power and low noise transistors for radars, cellular networks,
satellite TV and communication, environment-monitoring systems;

¢ Ultraviolet Light Emitting Diodes and detectors for

* displays * high-resolution optics e UV air purifier
* UV lamps * counterfeit detection * photo-catalytic reactions
* spectro-fluorometry * chemical detection * medical applications
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The LED market

Illumination, Other, 12%
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Signals, 2%
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2005 : $4.0 Billion

LEDs: Established and rapid growing market

Figures after Strategies Unlimited
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Next driving products

Market forecast: $8 billion by 2010

= Short-term driving product (2007-2008):
1. Backlights for large LCD displays and LCD monitors

— Technology target: at least 3-4 times less lumen cost (higher brightness and/or less cost)

2. Auto headlamps: growth forecast 8% in 2006, compared to 3.7% in 2004

— Technology target: Reliability (temperature, humidity) is of major importance
= Long-term driving products:
Lighting will reach $1 billion in 2010

— Technology target: ~ 10 times less lumen cost (higher brightness and/or less cost)

Figures after Strategies Unlimited
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LED problems
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History

Founders:

Vladislav Bougrov
Maxim Odnoblyudov

1996: Graduated from St. Petersburg Electrical Engineering University (LETT)

Optoelectronics Department at A.F. Toffe Physico-Technical Institute

1998: PhD in Physics from A.Floffe Physico-Technical Institute
Working for Cree EED, TDI Inc.

1999: joint to European Research center (St. Petersburg and Bath (UK)) of
Arima Optoelectronics Corporation (Taitwan)
Development of industrial technology for GaN LEDs.
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Founding OptoGaN

Basis for OptoGalN: wnderstanding of the problems limiting LIED performance and existing of
ideas how to overcome them

* OptoGaN was founded in 2004 as Finnish limited Company together with a group
of Finnish entrepreneurs claiming specialization in fund raising for technology start-
ups. Start up capital was 8,000 Euro.

Main problem for high-tech start-up: expensive facilities are required for technology
proof (HaAmYIme AOPOTOCTOAIIEr0 OOOPYAOBAHIIA)

Main questions during fund raising with VCs (Kpurteprun BeHIypHBIX HOHAOB):

- Team (Komanaa)
- Market (PeraOK)
- Requirements for proot of technology (IToarBep:xaeHme TexHOAOIHN)
- Requirements for IP protection (ITaTenTer)
- Competitive advantage (IIpenmyrectsa rrepeA KOHKYPEHTAMM)
- Customers (ITorpeburean)
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Standard way to set up a company for researchers:

- to do development at University basis (pa3paboTka Ha Oa3e yHHBEpCHTETA)

“+7: access to the facilities required, proof of basic technology, patents;

¢ 9,

: sharing of IP rights with University (8 @uHAsHANT TTpaBa
IIPIHAAAEKAT H300PETATEATO);

- to get funding and rent facilities from service providers (apeHA2 0OOPYAOBAHNS)

“+”: fabrication of IP clean product prototype;

¢ 9,

: very costly;

- to build own production line (cobcTBeHHOE ITIPOU3BOACTBO)
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OptoGalN’s approach

Approach taken by OptoGaN (utilization of Finnish innovation system):

* Established contact with Helsinki University of Technology, which has necessary
facility (VY cranoBaeHIE KOHTAKTOB C YHUBEPCUTETOM TexXH.)

* Joint application to Finnish Technology Agency (TEKES) to finance
industrial oriented research (IToAyuenne pruHAHCHPOBAHUA COBMECTHOTO IIPOEKTA OT
TEKEC)
- win-win situation: University gets substantial funding, Company access to facility
(VauBepcurer noAy4daer puHancuposanue, Kommanus — AOCTyII K 0OOPYAOBAHUIO)
- proof of basic technology was achieved (Omrrol'aH mmoayama Bosmo:kHOCTB
HAYAABHOT'O SKCIIEPUMEHTAABHOTO ITIOATBEPKACHUSA OA30BBIX HACH)
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Role of business angels

At early stage role of business angels is very important:

: risk 1s high, especially for VCs (6oAp1ron puck)

“+”: possibility to get substantial ownership at low valuation

(BO3MOKHOCTB IIOAYYNUTH 3HAYUTEABHYIO AOAFO B KOMITAHUH 11O
HHU3KOM CTOUMOCTH)

Professional assessment of technology potential and market value 1s extremely
important (UpesBpraaiiHo BakHA IIPOQPECCHOHAABHAS OIICHKA ITOTCHIINAAA T

PEAAN3YEMOCTH TECXHOAOTIHUH, 4 TAK/KC €€ BO3ZMOKHOC MECTO HA prHKﬁ)
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Seed Funding

OptoGaN was funded by VC with technologically skilled management (VNT
Management). Investment was shared with TeS1 (Finnish Industrial Technology
Investment Fund) — governmental fund whose main task is to share risks with private
investors. Company also received substantial grant from TEKES.

Omnrrol'aH nmoayuma dpmHaHCHpPOBAaHME OT YACTHOTO BEHIYPHOIO (DOHAQ, MEHEAKMEHT
KOTOPOTO MMEA 3HAYHTEABHBIN TEXHIYICCKAN U HHAYCTPHAABHBI OIBIT. Co-
naBecTopam BeicTynnA Puacknt Muaycrpuaspabit Texaoarormaeckuit Poua (TeSt) —
TOCYAAPCTBEHHAS BEHUYPHAs KOMIIAHUA, 3aAa9d KOTOPOH PA3ACAATH PUCKH C
YACTHBIMU MHBECTOPAMU U COACHCTBOBATH PA3BUTHIO TEXHOAOTHYCCKIX KOMIIAHU.
Kommanwns takxe moayamaa sgaguteAbHbIH rpant or TEKECa (40-50% o0rmux
3aTPaT).
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