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Information about UV LED
application and market
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UV LEDs

Market of UV LEDs is replacement market
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UV LED Spectrum vs. Mercury FOX

-_\ -

e UV LEDs exhibit many advantages vs. mercury lamps:

— Narrow spectrum
365nm

— Single peak 100 FoxUV LEDs
— Limited light in the visible i WGy Lioes
spectrum '

— UVA LEDs do not emit harmful
UVB and UVC light

- No IR

— Mercury Free
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UV Lamp to UV LED Substitution

A different design approach

- Aradial and large surface emission A local and directional source

source — Array of LEDs needed for large
surface irradiation

+ +: low cost/m? to irradiate

« +! |large contact surface with + +: design freedom to integrate LEDs
surrounding environment in various shapes.
« +! easy to replace « +: focused optical output

« -: needs reflector to focus the light -+ - high cost/m? illuminated

on a plan => induces light losses, . .:needs to be implemented with its
costly, and requires room. own dedicated power supply
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UV Lamp to UV LED Substitution
A different design approach

lamp Lamp \
manufacturing manufacturing
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LED chip and
single chip
manufacturing

L

The LED array can be adapted to the system geometry

Lamp
manufacturing
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~
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UV Lamp vs. UV LED

A different strategy and business model needed

« With traditional UV lamp:
— A limited lifetime and low cost UV source: high renewal rate.

=> limited involvement of OEM users in lamp development for low
cost applications

=> Aftermarket represents 80% of the sales in mature applications.

« With UV LED:

— Longer lifetime and more expensive UV source.
— Lower cost of ownership expected in the long term
— Stronger involvement of OEM in the UV source design

= Initial market will represent a large part of the total accessible
market since UV LED’s long life time will decrease the renewal rate
compared to UV lamps.
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UV LEDs

Major applications of UV LEDs

Optical output power needed at the
surface of }he lamp (log W/icm?)

uvc uvB

Analytical instrument

Water / Air
& disinfection

Medical
——] phototherapy

Analytical instrument

UV LED today

UVA

- / l
. T
UV curing ‘

[

Photocatalytic air
cleaners

- \

Counterfeit
banknote
detection

e
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365 400

(nm)
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UV LED Application Roadmap

Time to market

UV LED in lighting

UV LED im air disinfection

UV LED in water disinfection

UV LED in phototherapy

UV LED in photocatalyst air purifiers

UV LED in analytical instruments

LED UV curing

LED banknote detector

] ] ] ] ] ] n ]
| ff | >
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2006 2007 2008 2009 2010 2011 > 2012

wawwwwitride-/ o e-enystals.como m Rusnanetech ¢ H-20100Mo6Scawo w



Solid state lighting

A UVLED + phosphor

A GE Lumination

A 395-405nM

A Stokes penalty ~10-
12%

Adeeper blue
Abetter reproducibility

A Deeper UV—greater
Stokes penalty
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UV LEDs

Sterilization and disinfection

A 365nM+TiO,
catalys

Magnavore Co LLC
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Industrial curing

A Printing inks
A Paints
A Epoxies

A Instantaneou
S

A No VOCs
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Against crime

A Document
Verification

ACurrency
APassport
Aldentification
A Crime scene
Investigation
ABody fluids
AFibers
ADrugs
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Spectrophotometry

A Process monitoring

A Real time
A Pharmaceutical
A Chemical industry
A Refineries
A Food processing

A Detection

A Toxins
A Chemicals
A Bacteria

A Viruses
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A Narrow band

AMaximum
benefit

Aldeal for
UVLED

A No side effects

A No sensitizing
agents
APsoriasis
AVitiligo

Phototeraphy
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1 O Ots

A UVA + 1:1000
UVB

A LEDs provide
accurate spectrum

control

A Reduce negative
effects

A Enhance positive
response
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UV LEDs

Devices for medical applications

Blood disinfection device Skin treatment device
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UV LEDs

Scorpion hunting
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Market
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Target Price for UV Lamps
and Current LED Positioning in $/W

ASP for 1W optical power output

(log $IW) : .
A uve i uve E UVA
10,000 $W | .. e b
1,000 $/W | -------==-=--=eeeeeaooit =" e e L
UV LED (as of today) |
1003/ = srmemmmssemy Initial pricé:gap compensated by~ | [N T
- Higher lifetime :
- Lower majntenance cost )
0NN ~osmesmmame - Power supply costreduction | W\ N
1$/W |
: \ 3 Wavelength
200 280 315 365 400 (nm)
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2008 UV Lamp market volume and Size
Split by application

2008 UV lamp volumes (Munits) 2008 UV lamp market (MS)
Analytical

Water & air  instruments Others Analytical

purification 0.3% 1.6% instruments  Others

professional ’ itor & e 10 M$ 15 M$

2.6% ek )
purification Blackdights
professional 14 M$
BOMS N
Medical
Tanning Phototherapy

Water & air 42.2%
purification
personal /
residential
32.7%

25 M$

Photocatalytic air
disinfection
4M$

UV curing / \
21% Black-lights

Banknote { d
Photocatalytic < gatectors Medical 10

= ﬁ
2008 volume over a 2008 market over a

total of ~19 M units total of ~$500 M
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dZdS - ’f‘ h";‘ﬁ
e
aleC ‘ 3 Oro 3 0 3 ﬁ- :
:;‘"?b;fi"‘"
CAGR (%)
50 1 = - Jie = = L) - -
4; Oro o . 2 10 < O »
20 - UVA $25 M DU "'('nv'::'l '
photocatalytic
air disinfection —
$25M
U\_I $180M
Curing ap -
adhesive & g '
coating
Diameter corresponds to UV lamp
$6 M market size as it was in 2008 I
@s:m
Banknote/documents
s 2 $10M $72Mm
— Time to market
2003 2006 2009 2010-205 forUVLED
o Yt s
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Market of UV LEDs is expected to be growing and will reach 250 $[ dzdzn 2015

[ BS sMis! L Otckze j ydetsets tor dz

300 5

250

200 1

150

100 1

501
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IsH[20102.011]2.0122.0132.0142.015¢@G.
$ [ dzdz33,6 45,2 62,4 90,5 151 256,4
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UV LEDs
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[MisB j dzgdzsMisd t6r dz2€ O uvA Mo jlssHdBSHTBSO :

B [ rdzesC uvA Mo jlssHdBBHBB9 d&OrRBHJIMY o M
Bztocdzse s totsMisO. 1 Oftcjls dzO0 ideOxmrdjusd j telskzlsc
mMf smtseMlseoatse Ols! ko jdzdyd dzdt MEBsMisd totsf
B OB &3 Stelfdzr @3 f sMmMisOoah dqECtsds vaAa Mo jlstsH
Nichia, ¢ § sdzd W ;

E Itdz "] CBdzdyjMmMlsets CoBRf Oded?2 o dBdtej
MdMmMisjd3 dzO vaA Mo jlstsH dsH ONMOCHD! fsdldBO fd ¢ H t
ZOyodzd dr ftesdL o sHMIse 5.

l " 9 SH:

gtsMmMisswdzedj tr dz2C¢ O vAn Mo jlssHdBHBO B d&zOGt
pntsYHjddW dO dzj ¢t [ sMMd2MSCs2 Stdif Oded d,
Mo jlstsHdBHT HdzWw tOL dzd ydz' = { tod d343d3j0dzddds, o
sOCyj fHftedetter d MdMmlsjdd" dzO d- thdese j f
ftosdLotsHdIs] dzw d3d, dets ftoj HAZOGOW OdzOdzsG d 1
dzdL C 82, Htedodzj COIsj dz' dets?2 Hddzw ftslstej BdIs] ¢
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UV LED Manufacturers

Main industrial initiatives

- UV A LEDs UVB/ UVC LEDs

#NICHIN CREES

From D LUMINUS
visible LED MITSUBISHI Lscon)

CHEMICAL
to o SemiLEDs
Uv LED fumiratng the Glote

<P
To s H I BA SEQOUL OPTODEVICE CO., LTD.

SEOQUL OPTODEVICE CO., LTD.

NITRIDE

SEMICONDUCTORS @ :
Co.Ltd . A U

UV LED “pure %

players” FOX A O Grostal 19

GrEns Qce (.d e Moo Innovative Semiconductors
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t O sdzsy j dzd§ dBtetsor 7 ftesdL otsH(
CjBetOWdujMSsdk ftedL dzOS
O b TOSHIBA
Montreal (CA) Grenoble (F) oy Cis. Uik
Nagoya (JP)

CHEMICAL

Semil EDs

Byt Pe Cate

Boise, ID

() Crystal 18

IV OMAG i ACn edrs -

Green Island, NY

CREE®

Durham, NC

NITRIDE

SEMICONDUCTORS

Tokushima (JP)

A NICHIN

Tokushima (JP)
SEOUL om €O, LD,

Kyunggi-do (K) =+ H |
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UVA LED

Industrial supply-chain examples

. Lamps or systems
LED chip Packaged LED manufacturers (examples)
NITRIDE

' , Counterfeit
FNICHIA { Hangzhou Bright " Wsemiieg
Group (CN detoctors
Alpha One electronics
4 Wilycon
: . Photocatalyti
OSIM (Si) B
i Opto Technology, LedEngin,
, i x Analytical
> ETG, Ledtronics Epilight (IR) As "ﬁg 2

UV process supply, Clear stone, Phoseon

I o

Yale
'WV"'

Asia

UV curing
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UV LEDs

Structure of the world market of UV LEDs
(from Yole Development report cUV LED Marketé , 200 9)

100%
90% B OuncTKa BoAbl U
80% BO3AYXa
70%
60% » MeauumnHa, npnbopbl,
annapartypa
50%
40% m [leTeKTOpbl
30% $panblwMBbIX
OKYMEHTOB
20% AoRY
m Ob6opypoBaHue gna
10% PYA an
doTononMme pmrsaumm
0%

2008 2012 2015
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Technology
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UV LEDs manufacturing technologies

Chloride Hydride [ etalorganic Vapor
Vapor Phase Phase Epitaxy

Epitaxy [ OCVD
CHVPE
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UV LEDs

Competitive advantages of Nitride
Crystals Group

-low-defect AIN wafer

-low-cost CHVPE process
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Sublimation epitaxy of AIN on SiC in TaC crucible
was demonstrated in the lab of Prof. Yuri
Vodakov at A.F. loffe Physical Technical Institute
more than 25 years ago.

Prof. Evgenii Mokhov from loffe Institute has
made great contribution into development of
AIN bulk crystal growth on SIC.
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