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think it. apply it.




Sustainability is essential Ql.

» Meeting the needs of today without jeopardizing the
ability of future generations to do so

— People, Planet, Profit
— Economy, Environment, Equity
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Growing Importance of Sustainability

» Evidence of human caused
global warming
“‘unequivocal”, says IPCC

= Water usage, fuel efficiency,
erosion, preserving
bio-diversity, pollution
becoming important issues

» Changing weather patterns,
drought, water shortage,
floods, hurricanes etc.

= The BBC reported $100B
spent worldwide in 2007 on
clean tech research and
funding
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High-Tech Industries Play a Big Role @l

= Worldwide electricity
consumption for servers in 2005
~ 14 one GW power plants

= 2% of the world’s CO,
emissions from
IT equipment

= 70-80% of energy used | EEMEEA = —— |
by IT is in manufacturing L U
and transportation

= Overall manufacturing
accounts for one third of ——
world's global energy use

Source: IT News, The Wall Street Journal APPL'ED MATER'ALSe




Enabling Growth by Driving Cost Reduction.... al

Cost per area

1995 2005

0.3 million m? 25 million m2

$30,000 / m? $1,500 / m?

20x Cost Reduction

Source: SIA, IC Knowledge LLC Source: Display Search, Nikkei BP, Applied Materials

Applied Materials is accelerating Solar by reducing production costs
~ APPLIED MATERIALS.
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Setting Aggressive Goals Ql

Qll Wreriais.

CORPORATE GOAL

PRODUCT DESIGN GOAL

APPLIED MATERIALS.




Tool Efficiency = GHG/Energy Opportunity @l

Wafer Fab Energy Usage Breakdown

Proc. Equipment 42%

Chilled Water
Recirc. Air
DIUPW
Process Exhaust

Blk Gases >40% indirectly used by

Comp. Air support systems providing
Lighting non-electrical utilities to tools
Make Up Air

Proc. Cooling Water

Process Vacuum
Indus. Waste Coll & Treat
Steam/Hot Water

Chemical Dispense

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Source: 1997, 2000, 2002 SEMATECH Energy Research, presented at SEMICON Europa 2005 APPUED MATER'ALS.»
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Engineers Designing Efficiency In Ql

Power Usage on Semiconductor Manufacturing Equipment

Process Pumps
Heaters

Misc.

Require
companies to

Non-Process Pumps

RF Generators - work with
suppliers on
development of
high-efficiency
components

UPS Control

Remote Plasma Clean

Mini Environments

0% 10% 20% 30% 40% 50% 60%

Source: 1997, 2000, 2002 SEMATECH Energy Research, presented at SEMICON Europa 2005 APPLIED MATER'ALS
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Drive DfE Through Product Life Cycle Ql

Tasks have been added to the PLC to achieve the
product energy efficiency objective:

PLC

a a

«

Design for Energy Efficiency Activities

Include energy efficiency in the
Statement of Market Requirements.

Establish baseline energy consumption
based on an existing product.

Analyze existing product designs.

Include SEMI $S23 energy consumption
In the specification.

Design and test to the specification.

Fully characterize the new product
according to SEMI S23 protocol.

~ Plan to maintain'competitiVABPHER SATERIALS.




SEMI S23 Evaluation of New &l

Products

SEMI 523 ANNUAL EQUIVALENT ENERGY CONSUMPTION Per Wafer

IDLE PROCESSING TOTAL Proc+ldle
E':|un.r Equwr Equiv Equiv

Electricity 175,638 1,134,420
HVAC Heat Burden 58,033 334,606

Process Cooling Water (PCW) >25°C

Nitrogen (Utilities N2)
Clean Dry Air (CDA)

-
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Energy per Unit Processed @

Applied Materials evaluates product energy consumption
on a equivalent energy (S23) per unit processed basis.

= Simplifies comparison of product

generations or dissimilar equipment
performing similar functions

y - A Recognizes throughput improvement
1 em = More consistent with ITRS

kWh / cm? out

= Per-unit-area metrics are applicable
to most Applied Materials products

Basic SEMI S23 protocol is being
tested on non-semiconductor
ﬁpro d u CtS APPLIED MATERIALS.




Simple S23 Energy Calculator 2

= Enter Utilization and Consumption for up to two cases

Utility Consumption Rate for Case 1
E|Ectl'i1:it‘_f ) :_' | ' B :. = 25 °C) PCW I:T = 25 "i:i]
Real kw i { mi 1 i T(°C) | £4min AT (°C)

Throughput in wafers per hiur
Percentage of time/ wicessing
Percentage of time in "standby 1"
Percentage of time in "standby 2"

Percentage of time in "standby 3"

Processi ng

COnly

Processing
Only




Applied’s Strategies to Reduce Carbon footprint Ql.

Strategy Approaches

- 1. Optimized Hardware
(System Enhancements; Remote Clean)

2. Alternate Chemistries
(Fab consulting process optimization

3. Convert/Destroy PFCs

(Abatement Technology:
Combustion-Wet, Plasma etc.)

APPLIED MATERIALS.
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Environmental impact of Remote Clean Ql.

» Global warming emissions from CVD chamber cleaning were reduced by two
orders of magnitude by switching from in-situ clean to remote cleans
— In-situ clean: One clean = 800 km (100 Kg Carbon equivalent)
— Remote clean: One clean = 3 km (2 Kg Carbon equivalent)

CF,
) . or C.F; - + O, and diluent (Ar, He,...)
Global Warming Emissions (100 years ITH) in situ plasma
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_Upgrading chamber with remote clean reduces environmental impact © |

APPLIED MATERIALS.

External Use



Hardware Optimization — System Enhancements Ql

Remote Plasma Clean for 200mm Dielectric CVD

Infrared Chamber Diagnostic Sensor (IRCDS)
Dynamic Endpoint System
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APPLIED MATERIALS.
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Hardware Optimization — System Enhancements al

1kW and 3kW Thermoelectric Chillers
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Process Optimization — Fab Consulting Services Ql.

Example: Evolution of PFC consumption per wafer pass in Dielectric
Etch - Old vs. new recipes (300mm)

[] oOld recipes [ ] New recipes

B Complete conversion to alternative chemistry
/ [] Partial conversion to alternative chemistry
[] Improved PFC chemistry
[l Unchanged PFC chemistry
—[ [] New application

Kg Carbon Equivalent

External Use




Industry Is On track To Meet the Challenge @l
to Reduce PFC’s

Worldwide Semiconductor Council Indexed PFC Emissions

Indexed Emission
(Annual Emission / Baseline Emission)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Source: World Semiconductor Council APPLIED MATERIALS.
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Applied Material’s Fab-wide Process Exhaust Solutions @,

Vector

CDO Nova Series Guardian Wet Abatement
Thermal-wet Abatement Dry Abatement Combustion Abatement

External Use



Integrated Process and Abatement Solution Ql.

= Interface for Integrated control of
abatement systems by process tool
based on process operational
conditions

= Umbilical cord links wafer position to
subfab operation, matching energy
consumption to need.

» Potential Idle Mode Savings:
CDA >44% g
Fuel > 90%

PCW >70%

= Utility = Energy = Cost
(For example:

1 liter/minute DI water us@ge
represents 3,752 kWh/yea

APPLIED MATERIALS.
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Summary Q.

» Reduction of our carbon footprint is one of the great challenges for
the sustainability of the semiconductor industry

— Applied Materials is now implementing strategies to significantly
reduce its carbon footprint and incorporating steps to lower the
environmental impact of new tools

» Aggressive goals for carbon reduction are required

» Sustainability and DfE need to be incorporated into the product
release process

» PFC emission reduction and energy saving solutions can help
device manufacturers meet their environmental goals:
— Optimized Hardware
— Alternate Chemistries
— Convert/Destroy PFCs - Abatement technologies

APPLIED MATERIALS.
s
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