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‘ Plasma-Therm Re-Established as
Independent Operation
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St. Petersburg, FI. Corporate Headquarters

o |ntegrated office and manufacturing
facility (65,000 ft2)

o Class 1000 manufacturing area

o Class 100 Demonstration Laboratory ° :
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Production and R&D Solutions for
Specialty Markets

o |everage our Etch and PECVD platforms
and experience for applications in:
= Solid State Lighting
= Wireless
= Photomask
= Nanotechnology
= MEMS/NEMS
= Renewable Energy
= Data Storage
= Photonics
= R&D
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‘ Advancing Wafter and Mask Processing
Equipment for 35 Years
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‘ High Brightness LED Market and
Applications
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FEarth at Night — SSL. Opportunity
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Solid State Lighting Opportunity

LEDs Save 53Watts
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If a 150 Im/Watt Solid State White LED source was deployed Globally then:
We would realize savings of $100 Billion/year
Alleviate the need of 380 new power stations!*
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HB-LLED Market Forecast
2005 to 2015
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Components of LED Luminaire
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Haitz LLaw — Performance/Cost Evolution
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Cost Reduction Targets in HBLED
> 10x Cost Reduction

Cost savings opportunities identified: improvements in manufacturing
process, equipment productivity, and process control
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Cost Breakdown for a Packaged LED

Phosphor,
2%

Substrate,

1% Packaging,

64%

Source: Solid-State Lighting Research and Development: Manufacturing Roadmap,
July 2010, Preliminary data provided by the Cost Modeling Working Group
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Low Yields — Key Manufacturing Issue

Electrical failure
Binning for color
Binning for output
Optical alignment

Source: IMS Research Jan 2010, industry-wide 2009 yields
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Manufacturing Tools Contribute
~500x Price Reductions in Processed Silicon
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o 1975, the average price per transistor was ~$0.02 (4 ym features)

o 2008, the average price per transistor was ~$5x10-° (45 nm features)
= This is a 4,000,000x reduction in cost
= Device scaling accounts for ~8,000x cost reduction ($/transistor)

= Manufacturing efficiencies account for ~500x reduction in the price of

processed silicon
Source: Intel/WSTS, 8/07
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Where Will LED Cost Improvements Come
From?

Semi Semi Semi
Silicon Status: | Status in Gain
Hist early 70°s | 2008
ISTOry
Wafer Size .
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(mm) ox
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Utilization - o=
. =50 =959 2x
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o LED Manufacturing Cost reductions will come from a combination of:
= |mproved LED efficiencies and drive current: (~2-4x)
= |arger Wafers: (~2x)
= More Productive Tools (higher throughput & yields; lower COO): (~2-3x)
= Better Utilized Tools (Uptime): (~2x)

Source: Ultratech
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L]

~D Manufacturing Process Flow
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Lowering Epitaxy Manutacturing Costs

o | arge impact on subsequent wafer fabrication costs

o 150mm Sapphire
= ~50% epitaxy cost reduction

= 150mm sapphire substrate expected to be majority of total epi
cost

o 150mm Si Substrates

= Substrate cost reduction ~75% by replacing sapphire with silicon
= Substrate cost becomes minor contributor to total epi cost
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Substrate Roadmap — Size and Material
Commercial Implementation

2010 2011 2012 2013 2014 2015

Sapphire 4,,
6

Silicon 4’
Carbide 6”
o 411
Silicon 6’
GaN 4"

Templates 67

Source: DOE SSL Workshop Consensus, 2010
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GaN Epitaxy on 150mm
Sapphire and Silicon

Planetary Reactor®:

n ” n
6X6"-11x4-42x2 Buffer: 1um GaN on 6x6" Si — Crack free

Reactor
Ceiling

Triple Gas
Inlet

Susceptor Stainless- PROPRIETARY! RIXTRUIY
with rotating Steel Vessel
Wafer Disks OINTOON
Courtesy of ILIII\ fE'LH' /
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LED Manutacturing Process Flow

r

' =47 Epitaxy Epitaxy
Substrate &,‘ Buffer layer Active layers

sic AIN InGaN

Silicon AIN/GaN sandwich

Bulk GaN
Composite substrates

LED epi-wafer

Back-End Front-End
level 0 - Litho, etching, metallization...
Back-grinding _ "
Dicing, Flip-chip LED dies-on-waf€
Laser Lift-Off: LLO
Die shaping

Lateral LED structure
Vertical LED structure

LED dies

Back-End
level 1
Binning, Pick-and-place g
Phosphor coating Packaged LED LED lamp

Packaging
Source: Yole, 2010

Plasma-Therm

A LEADING SUPPLIER OF PLASMA PROCESS EQUIPMENT



Front-End LED Process

Lithography

PECVD Passlvation, encapsulation
= Passivation/encapsulation / Hardmgqtor PR
= Hardmasks

Etching

= Mesa

= Streets

= Hardmasks

= Contacts

= Sapphire patterning
PVD

= Contacts

= Reflective layers

Mesa etching

- Sapphire or SiC substrate
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Market Segmentation
Conventional vs HB & UHB

o HB & UHB

= Automated processing
= | arger substrates
= Single wafer processing

o Conventional LED
= Semi-automated processing
= Wide range of substrate sizes
= Batch processing
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Patterned Sapphire Substrate (PSS)
System Specitic

o Enhanced light extraction
o [mproved epitaxial material (lower defects)
o Requires purpose built tool for LED Market

Sapphirz Substrate

Conventicnal Type MEW Structure
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Ftch & Deposition Process Control

o Detection of material

intertaces Passivation, encapsulation

o Process control for Hardmask or PR Mesa etching
specified depth or
thickness

o Real time etch rates
and selectivity

Sapphire or SiC substrate
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Process Control
Endpoint Techniques

o Desired Measurement Technique

m Accurate
= Non-invasive
= Robust

= Direct measure
= |nexpensive
m Flexible

Endpoint for Deposition Endpoint for Dielectric Etch
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Background
Diagnostic Candidates

o Plasma Measurements
= Optical
o Optical Emission Spectroscopy (OES)
= Electrical (e.g. RF match positions)
= Species Analysis (e.g. RGA))
= Tool response (e.g. throttle valve position)

o QOptical
= |aser Interferometry
= QOptical Emission Interferometry (OEI)
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Optical Diagnostics
Laser Interterometry

external

light source
(laser) detector |:>

Intensity

wavelength = A

A /
transparent film ‘ Ng

reflective substrate

Reflected Light gives
Thickness vs Time

Thickness
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“tch Depth Monitoring using Plasma-Therm
FndpointWorks ™
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Etch Process Control using Compositional

Change — OE

plasma i —e—

37
Intensity

Plasma spectrum gives
Composition vs Time
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Etch Depth Process Monitoring Using OEI

Intensity

Signal intensity gives
Thickness vs Time
= Etch Rate

Thickness
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Example GaP/AllnGaP Etching with O

o Benefits

= Etch rate estimates every %
cycle _

= Real time etch rates of GaP | AlInGaP
individual materials

= Real time selectivity data for
sequential films

Intensity

Etch Rate
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‘ Patterned Material Etching Using O

mask

|

v

b /
It

| Thin film

substrate

o Signal depends on:

= relative area film/mask

= relative etch rate film/mask

VALV
VWA
WM

simple peak counting fails
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‘ Patterned Material Etching Using O

V\/W £:> Signal from mask

frequency

£> —JkSinal from film

Combined signals

Frequency yields etch ratee—
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Real Time Etch Rate and Selectivity
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Monitoring Using O]

Signal intensity gives
Etch Rates & Selectivity
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SCVD Deposition Process Control O]
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Process Stability with Run-to-Run

Repeatability

Compensates for process disturbances (e.g gas changeouts, cleans)

Decreases requalification time

Compensate for material variation

Compensate for tool variation
Scrap reduction
Improve process throughput

Reproducibility
10=0.37%
Range/(2 x mean) = 0.65%

Film Thickness

Run #
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Conclusions

Market Demand for LEDs will remain strong
o Present — Backlighting applications
o Future — Solid State Lighting

LED Manufacturing vs Main Stream Si
o |LED material diversity vs Si critical dimensions

o | ED toolsets will continue to mature and realize
productivity gains similar to mainstream Si evolution
= \Wafer sizes

= Process control
= Tool features for throughput and COO
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