ES&H

ESH Environment, safety and health
ESH
ESH

ESH

ESH R&D

ESH R&D 82 87
53 55

ESH

ESH

ESH
ESH

ESH

ESH
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Table 82 ESH Difficult Challenges

FIVE DIFFICULT CHALLENGES 3 65
NM / THROUGH 2007

SUMMARY OF | SSUES/NEEDS

Chemicals, Materials and Equipment
Management

New Chemical Assessment

Need for quality rapid assessment methodologies to ensure that new
chemicals can be utilized in manufacturing, while protecting human
health, safety, and the environment without delaying process
implementation. Chemicals in existing uses require reassessment
when new chemical restrictions are identified.

Chemical Data Collection

Need to document and make available environment, safety, and health
characteristics of chemicals.

Chemical Reduction

Need to develop processes that meet technology demands while reducing
impact on human health, safety and the environment, both through
replacement of hazardous materials with materials that are more
benign, and by reducing chemical quantity requirements through
more efficient and cost-effective process management.

Environment Management

Need to develop effective management systems to address issues related to
disposal of equipment, and hazardous and non-hazardous residue
from the manufacturing process.

Resource Conservation

Natural Resource Conservation (Energy, Water)

Need to design more energy and water efficient processing equipment.
Chemicals and Materials Use

Need more efficient utilization of chemicals and materials.

Resource Recycling

I ncrease resource reuse and recycling.

Workplace Protection

Equipment Safety
Need to design ergonomically correct and safe equipment.
Chemical Exposure Protection

Increase knowledge base on health and safety characteristics of chemicals
and materials used in the manufacturing and maintenance processes,
and of the process byproducts; and implement safeguards to protect
the users of the equipment and facility.

Climate Change Mitigation

Reduce Energy Use Of Process Equipment
Need to design energy efficient larger wafer size processing equipment.
Reduce Energy Use Of The Manufacturing Facility

Need to design energy efficient facilities to offset the increasing energy
requirements of higher class clean rooms.

Reduce High Global Warming Potential (GWP) Chemicals Emission

Need ongoing improvement in methods that reduce emissions from processes|
using GWP chemicals.

Design for Environmental, Safety,
and Health (DFESH)

Evaluate and Quantify ESH Impact

Need integrated way to evaluate and quantify ESH impact of process,
chemicals, and process equipment, and to make ESH a design
parameter in development procedures for new equipment and

processes.

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:

2001



Table 82 ESH Difficult Challenges (continued)

FIVE DIFFICULT CHALLENGES< 65
NM / BEYOND 2007

SUMMARY OF | SSUES/NEEDS

Chemicals, Materials and Equipment
Management

Chemical Use Information

Rapid introduction of chemicals and materialsinto new process requires the
understanding of process fundamentals in order to reduce ESH
impacts.

Resource Conservation

Reduce Water, Energy, Chemicals And Materials Use

Need resource efficient processing and facility support equipment and
improved water reclaim and recycling methods. Emphasis on
resource sustainability will grow.

Workplace Protection

Equipment Safety

Need ergonomic principlesintegrated into the processing and wafer moving
equipment for both operation and maintenance aspects, and into thg
overall manufacturing facility.

Climate Change Mitigation

Reduce Energy Use

The importance of reducing energy use to minimize/slow climate change will
grow.

Reduce High GWP Chemicals Emissions

The international pressures to reduce emissions of GWP chemicals will
continue.

Design for Environmental, Safety,
and Health (DFESH)

Evaluate and Quantify ESH Impact

Need integrated ESH design in development of new equipment and processes.

ESH
ESH

ESH

2001
ESH

ESH

ESH

ESH
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LCA life cycle analysis

51

PFC
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UPw

C) d)PPE personal protective equipment
(throughput: )
X
(UPW) UPw
UPW
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ESH (DFESH)

DFESH EHS
ESH ESH
DFESH
ESH
DFESH ESH
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Table 83a ESH Intrinsic Requirements—Near-term

Existing chemicals
(include by-product
materials)

New chemicals (include
by -product materials)

Design of Data Base

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007 DRIVER
DRAM 1/2 PITCH (nm) 130 115 100 90 80 70 65
Chemicals, Materials, and Equipment Management Technology Requirements
Assessment of Chemical and By-product Properties
Data accumulation 50% of the NEwW

Ty ey 100% of the data/chemical

100% after 2 years of market
introduction

Resource Conservation Technology Requirements

RESTRICTIONSY

NEwW
PROCESSES

Energy Consumption

Overall fab equipment 0.5-0.7 0.4-0.5

(KWh/cm2) SUSTAINABLE

Fab facility (kWh/cm2) 0.5-0.7 0.4-0.5 GROWTH

Tool energy usage per wafer pass|

(300mm versus 200mm); baseline 1.5

1999

Water Consumption

Net feed water use (Liters/cm2) 5.9 [ 3.5 CosT AND

Fab UPW use (Liters/cm?2) 6-8 5-7 4-6 SUSTAINABLE

Tool UPW Use (Liters/cm2, per GROWTH

wafer pass) 0.15 0.075 0.06

Chemical Consumption & Waste Reduction

Chemical Use (liters/cm2/mask Reduced 5% Red d 5%

layer) b per year educe b per year

ENVIRONMEN

Infrastruct : _ AL

Recycle/Reuse Systems :Jr;i)rovemel-sg;g%gh recycle/reuse Innct)(\e/galrx:glgegciyéglmg STEWARDSHIP
nt

Waste recycle rate (%) 60% 65% 70%

Climate Change Mitigation Technology Requirements

Common Test Methods, Protocol, and Application

o 10% absolute reduction from 1995 baseline by 2010 as agreed to by thel VOLUNTARY
Reduce PFC emission Wse AGREEMENT
Workplace Protection Technology Requirement
Equipment safety, gases and CO”QJ{ZZ?&%Q%?S ggfety Conformance to revisions of S2 Safety
chemical leaks, and equipment Ergdonomic/Human Factor Guidelines and S8 Ergonomic/Human Factor|
stability during an earthquake 9 ; . Guidelines
Guidelines
Safe Interface of Automated
Material Handling Systems ;
(AMHS) and manufacturing Standardized control features and procedures
equipment
Safe Robotics Standardized control features and procedures
Data collection Comprehefnswe |ndtqstr|al hg/glerjet(IH) exposure data
Comprehensive exposure data - O OREIELIONS ANe EINENENEE -
Collaboration among government, industry, academia, and companies
regarding new exposure data
Personal protection equipment |[Investigation of
(PPE) PPE Test and rate PPE
Material Safety Data Sheets Employee .
awareness forlComprehensive data
(MSDS) h
new technologies
Equipment Risk Assessment ] " .
(Health and Safety) Case Study Common Algorithm Common Application
. Workers isolated from chemicals and by-product for non-routine
Reduced chemical exposure operation and maintenance
Ergonomic Improvement Sgg:ﬁmswdy forMinimized/eliminated physiological stresses
Design for ESH (DFESH)
Environmental load/impact c stud Common Algorithm to identify,.(ch”'”tmfon Algorlthmtcc)i
assessment (LCA) ase study access, and accept risk jucmuy, SCCEsSs, &@n
accept risk
Chemical Risk Assessment (HealthC Stud Common Algorithm to identify,_(fjomr_nfOn Algorlthmt(()j
and Safety) ase >tudy access, and accept risk jdentity, access, an
accept risk
Pollutant release and transfer 3= AnF NEwW
h ! PRTR data acquisition system
Material Balance disclosure (PRTR) MATAENRD|ALS

RESTRICTIONS

Collection o

Regulatory Requirements

f requirements, guidelines, policy trends, and others
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Table 83b ESH Intrinsic Requirements—Long-term

YEAR OF PRODUCTION 2010 2013 2016 DRIVER
DRAM 1/2 PITCH (nm) 45 32 22
Chemicals, Materials, and Equipment Management Technology Requirements
Assessment of Chemical and By-product Properties
NEwW

Data accumulation

Existing chemicals (including by-product
material s)

100% after 2 years of market production

New chemicals (including by-product
material s)

100% after 2 years of market

production

Resource Conservation Technology Requirements

RESTRICTIONS

Energy Consumption

Overall fab equipment (KWh/cm2)

Fab facility (kWh/cm2)

Tool energy usage per wafer pass (300mm versus
200mm); baseline 1999

Water Consumption

Net feed water use (Liters/cm?2)

Fab UPW use (Liters/cm2)

Tool UPW Use (Liters/cm2, per wafer pass)

Chemical Consumption & Waste Reduction

Chemical Use (liters/cm2/mask layer)

Reduced 5% per year

Recycle/Reuse Systems

Innovative recycling technologies

Waste recycle rate (%)

80% 90%

Climate Change Mitigation Technology Requirements

COST AND
SUSTAINABLE
GROWTH

ENVIRONMENTAL
STEWARDSHIP

Reduce PFC emission

10% absolute
reduction from
1995 baseline
by 2010 as
agreed to by
the WSC

VOLUNTARY
AGREEMENT

Workplace Protection Technology Requirement

Equipment safety, gases and chemical leaks, and
equipment stability during an earthquake

Conformance to revisions of S2 Safety
Guidelines and S8 Ergonomic/Human Factor
Guidelines

Safe Interface of Automated Material Handling
Systems (AMHS) and manufacturing equipment

Standardized control features and procedures

Safe Robotics

Standardized control features and procedures

Comprehensive exposure data

Industry database of IH exposure data

Collaboration among government, industry,
academia, and companies regarding new
exposure data

Personal protection equipment (PPE)

Test and rate PPE for new materials

Material Safety Data Sheets (MSDS)

Comprehensive data

Equipment Risk Assessment (Health and Safety)

Common Application for new equipment

Reduced chemical exposure

Workers isolated from chemicals and
by-product for non-routine operation and
maintenance

Ergonomic Improvement

Minimized/eliminated physiological stresses
for new equipment

Design for ESH (DFESH)

Environmental load/impact assessment (LCA)

Lowest environmental load/impact materials in
production

Chemical Risk Assessment (Health and Safety)

Lowest chemical risk (health & safety)
materials in production

Material Balance

NEW MATERIALS
JAND RESTRICTIONS|

Regulatory Requirements

Collection of requirements, guidelines, policy

trends, and others
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Table 84a Chemicals, Materials and Equipment Management Technology

Requirements—Near-term
YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007 DRIVER
DRAM %2 PITCH (nm) 130 115 100 90 80 70 65
Interconnect
Low k materials — spin Lowest ESH Emissions SPEED, SIGNAL

on and CVD

impact solvents/
CVD precursors

ESH benign processes

Copper processes

Lowest ESH
impact plating
chemistries

modeled LOSS
Plating bath . SPEED,
recycle ESH benign processes [REINSIIRN

Advanced metallization

Lowest ESH impact processes/

emissions ch

- . ESH benign processes
aracterization

Planarization

Slurry
minimization

Slurry recycling EBSINIEQAEEERAEQETAPLNNIN PLANARITY

Plasma processes

Lowest ESH
Etch abatement |Alternative etch chemistries impact etch
chemistries ETCH/CLEAN
Characterization of plasma Lowest ESH impact etch
by-products chemistries

Front end Processes

High k materials

Characterization
of high k
precursor
materials

Lowest ESH impact high k ESH benign TRANSISTOR
materials processes PERFORMANCE

Low-hazg
Characterization of rd PEF;AF'\(‘)SF;STACN’EE
low-hazard deposition [depositi =BT IiN ol goXeX R
methods - AND DEVICE
Faiheds DEVELOPMENT
High k
materials
without
potential
ly Lowest hazard metal DEVICE
toxic/bio compounds DEVELOPMENT]
accumul
ative
metals
(Pb, Ni)

Doping

Sub-atmospheric delivery system

Lowest hazard dopant
materials and processes

Surface preparation

Fundamental
research on
surfacel/interface
science

Ongoing research
and integration of
solutions

Optimized surface
preparation processes

Alternative wafer rinse |Incorporation into new rinse/clean

methods

tools

Characterizati
alternative cle

on of

. Incorporation into
aning

new elean tools ESH benign cleans

methods
Elimination of sulfuric acid
Plasma process
Characterization of plasma simulation-optimized
Front end etch by-products processes for by-product

destruction
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Table 84a Chemicals, Materials and Equipment Management Technology Requirements—
Near-term (continued)

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007 DRIVER
DRAM %2 PITCH (nm) 130 115 100 90 80 70 65
Lithography
: REDUCED
New Equipment FEATURE SIZE
. Characterization [
Optical of ESH Impacts hazardous chemicals and
material compatibility
Minimal ESH Impact for
e-Beam Characterization ionizing radiation,
of ESH Impacts ergonomics, chemical NEXT
consumption, and disposal GENERATION
Minimal ESH Impact for I THOGRAPHY
EUV Characterization non-ionizing radiation,
of ESH Impacts ergonomics, chemical
consumption, and disposal
Fundamental :
A Requirements for x-ray exposure PPE and/or
Radiation research on X-ray equipment defined
exposure
Minimal ESH Impact for new
_ Characterization I N IaRITETTIeN) REDUCED
New Materials =SBl Ilrequirements, wastes, and
emissions FEATURE SIZE
Identification of PFOS applications PFOS Alternatives
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Table 84b Chemicals, Materials, and Equipment Management Technology

Requirements—Long-term

YEAR OF PRODUCTION

2010 2013 2016 DRIVER

DRAM %2 PITCH (nm)

45 32 22

Interconnect

Low k materials — spin on and CVD

ESH benign processes SPEED, SIGNAL LOSS

Copper processes

ESH benign processes SPEED, RELIABILITY

Advanced metallization

ESH benign processes

Planarization

Slurry-less planarization PLANARITY

Plasma processes

Front end Processes

High k materials

Doping

Surface preparation

Front end etch

Lithography

chemistries ETCH/CLEAN

Lowest ESH impact etch

|
|
|
Lowest ESH impact etch ‘
chemistries ‘

TRANSISTOR PERFORMANCE

ESH benign processes

TRANSISTOR PERFORMANCE
AND DEVICE DEVELOPMENT

Lowest hazard metal

DEVICE DEVELOPMENT
compounds ¢ ©

Lowest hazard dopant
materials and processes

Self-cleaning dopant tools
(in situ clean)

ESH benign cleans

ESH benign processes,
including high k etch

New Equipment

REDUCED FEATURE SIZE

Optical

NEXT GENERATION

e-Beam

EUV

Radiation

LITHOGRAPHY

Minimal ESH Impact for
ionizing radiation,
ergonomics, chemical
consumption, and disposal

Minimal ESH Impact for
non-ionizing radiation,
ergonomics, chemical

consumption, and disposal

New Materials

Minimal ESH Impact for ne
chemicals, purification
requirements, wastes, and
emissions

REDUCED FEATURE SIZE
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Table 85a Climate Change Mitigation Technology Requirements—Near-term

YEAR OF PRODUCTION

2001

2002

2003

2004

2005

2006

2007

DRAM %2 PITCH (nm)

130

115

100

90

80

70

65

Interconnect

Optimized chamber clean
processes, alternative
chemistries, and cost-effective
abatement

Optimized chamber clean processes,
alternative chemistries, and cost-effective
abatement for new technologies

Reduce PFC emissions for CVD
equipment

Chamber Clean Gas Utilization* 85% [ 90% [ 95%

Front End Processes

Develop optimized etch
processes and cost-effective
abatement

Develop optimized etch processes and
cost-effective abatement for new
technologies

Alternative etch chemistries ‘

identified

Reduce PFC emissions (etch)

Table 85b Climate Change Mitigation Technology Requirements—Long-term

YEAR OF PRODUCTION 2010 2013 2016
DRAM %2 PITCH (nm) 45 32 22
Interconnect

Optimized chamber clean
processes, alternative
chemistries, and cost-effective
abatement for new technologies

>95%

Reduce PFC emissions for CVD equipment

Chamber Clean Gas Utilization*
Front End Processes

Develop optimized etch
processes and cost-effective
abatement for new technologies

Reduce PFC emissions (etch)

*Utilization = (PFCin-PFCout)/PFCin*100
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Table 86a Resource Conservation Technology Requirements—Near-term

Plasma processing

use

Reduced tool/system energy requirements

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007 DRIVER
DRAM % PITCH (nm) 130 115 10 90 80 70 65
Interconnect
Minimum rinse water and chemical
Copper processes .
pper p consumption I NCREASING
Planarization Reduced water consumption Water recycle NUMBER OF
— INTERLAYER)
Measured and optimized energy s

Front End Processes

Energy-efficient deposition

Precise uniform
thermal processes
with minimal energy

consumption

High k processes
Minimum energy use
Doping for future doping

technologies

Energy efficient processes

Surface preparation

Quantified energy
use

Energy efficient clean processes

Incorporation of novel rinse
methodologies in wet tools

Novel water reduction techniques derived

from surfacel/interface science

Front end etch

Measured and
optimized energy
use

More energy efficient plasma processes

Starting Materials

Quantified energy/water reduction from SOI-based

process flows

Lithography

Equipment resource
consumption: optical,
e-beam, and EUV

Optimized energy consumption, equipment related
chemicals/ gases/materials, and water consumption

REDUCED
FEATURE
SIZE

Factory Integration

Net feed water use
(Liters/cm2)

5.9

3.

5

Fab UPW use
(Liters/cm2)

Tool UPW Use
(Liters/cm2, per wafer
pass)

0.15

0.075

0.06

Assembly & Packaging

Eliminate waste from
molding process

Newly developed molding technologies

Reduce water use

0.8X (X

1999 baseline)

consumption

Reduce chemical use and

0.8X (X

1999 baseline)

Definitions:

Net feed water use—Source water consumed in support of the operation of the wafer fabrication facility, including

sanitary, irrigation, and facilities infrastructure. Net feed water may be obtained from a city supply, surface or ground

water body.

UPW use—Water used in wafer contact processes, including water recovered from any source.

Tool UPW use reduction—A percentage reduction versus 200 mm UPW usage. The baseline valueis set at (0.83 gal per

in2 per mask layer).
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Table 86b Resource Conservation Technology Requirements—Long-term

YEAR OF PRODUCTION 2010 2013 2016 DRIVER
DRAM %2 PITCH (nm) 45 32 22
I nterconnect
Copper processes | NCREASIN
Planarization Water recycle G NUMBER
Reduced tool/system energy oF
Plasma processing requirements INTE:;AYE
Front End Processes
Pre e O
High k e e
0) 0, 0)
Doping ergy e e processe
Surface preparation Energy efficient clean processes
Novel water reduction
techniques derived from
surface/interface science
More energy efficient plasma
Front end etch processes
Quantified energy/water
Starting Materials reduction from SOIl-based
process flows
Lithography
Optimized energy consumption, REDUCED
Equipment resource consumption: equipment related chemicals/ FEATURE
optical, e-beam, and EUV gases/materials, and water SIZE
consumption
Factory Integration
Net feed water use (Liters/cm2)
Fab UPW use (Liters/cm2)
Tool UPW Use (Liters/cm2, per wafer
pass)
Assembly & Packaging
Newly
- . developed
Eliminate waste from molding process molding
Reduce water use
Reduce chemical use and consumption

Table 87 Design for Environmental, Safety, and Health Technology Requirements

integration for ESH

YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM % PITCH (nm) 130 115 100 90 80 70 65
Factory Integration

Case Study

Consensus

designs for

chemlcal ESH Design

delivery and uidelines

Improved factory design and equipment by-product g X

management

and criteria

Consensus defined

design for

equipment
factory
interface

ESH
ESH
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ESH ESH ESH

ESH
ESH
ESH
ESH
68a b PFC
ESH
K K CMP(chemical
mechanical polishing: )

ESH

ESH
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84a 1

CVD(chemical vapor deposition: )
CVvD
CMP
84b
1 1
PFC perfluorocompounds
85 PFC 1995
10%
PFC
ESH
CVvD
CMP
86a
ESH CMP
CMP CMP
CMP CMP
1
CMP
RF(radio frequency)
F 30 70%
CVvD
POU point-of-use /
83a
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EHS

cost-of-ownership

ESH

FEP
CMP

ESH

100 nm
ESH
300 450 mm
EHS (of0]e)
ESH
2005
— /
BEOL K
HF/HCI
/

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS. 2001



— Czochralski CzZ

Epi 130 nm SOl
silicon-on-insulator
ESH
300 450 mm
/ — K
Co Ni
/
K
BST

BaSrTiO3 PbLaTiO3
ZrSnTiO SrBiTaO PbZrTiO
N2 FNO2 02 NH3 H2

Ta Ti Nb Al Mo Zr V Co W Ru Rh Ni

Re Ir Pt CvD

SiH4 B2H6 PH3

SbH3 AsH3

— PFC

PFC

PFC

ESH

Cl
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ESH 4

DUM X
1
TSCA
HAPs
VOCs
TSCA
HAPs VOCs COO
PFC
point-of-use
S2 S8

COO

COO

— HAPs VOCs
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ESH
ESH

ESH ESH ESH

ESH ESH
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SC ESH

ESH

CBT computer-based training

ESH

ESH

2004

Pb
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First Year of IC Production

2001 2003 2005
2002 2004 2006

2007

2008

2009

2011 2013 2015 2017
2010 2012 2014 2016

ESH

Develop risk assessment algorithm

Develop plan for implementation and
use of risk assessment algorithm

Equipment design specification
implementation plan

Establish program for spares and
consumables consistent with ESH design

Develop common interpretation of
SEMI S2 and S8

INTERCONNECT

Rapid ESH assessment of new materials

Identify lowest ESH impact solvents
for spin-on low k dielectric materials

Develop minimal waste methods for
soluble precursors

Identify ESH issues with CVD
precursors for low k, high k and
advanced metallization

Characterize emissions from CVD
processes

Improve chemical utilization in CVD
processes

Lowest ESH impact CVD chemistries
used

Extend Cu plating bath life to reduce
waste

Recycle Cu plating bath to reduce
waste

Decrease amount of slurry required
for CMP processes

CMP slurry recycling
Alternatives to slurry-based CMP

Non-chemical consuming planarization

Lowest ESH impact CMP and post
CMP cleans chemistries

Identify ESH issues with new etch
chemistries

Identify ESH issues with optical
Interconnect materials

Lowest ESH impact optical
Interconnect processes

Copper plating tools that minimize
exposure to chemicals

T
T
]

I Rescarch Required

[/ Development Underway

[ Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Figure 53 Potential Solutions for ESH: Chemicals, Materials, and Equipment, and

Worker Protection
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2001 2003 2005 2007 2009 2011 2013 2015 2017
2002 2004 2006 2008 2010 2012 2014 2016

First Year of IC Production

FRONT END PROCESSING

Rapid ESH assessment of new materials

Identify ESH issues with precursors for
CVD and other deposition methods

Develop less flammable wet deck materials

I

Implement wet deck fire protection systems

LITHOGRAPHY

Rapid ESH assessment of new materials

Radiation shielding (e-beam, X-ray and EUV)

Ergonomics solutions

Sustainable equipment design

Identify chemical selection criteria

|

Identify chemical information

Sustainable chemistries/processes

Personal protective equipment

Chemical monitors

'l

ASSEMBLY AND PACKAGING

Rapid ESH assessment of new materials

Eliminate hazardous flame retardants

&

Lead-free bump technology

I Rescarch Required [ pevelopment Underway [ Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Figure 53 Potential Solutions for ESH: Chemicals, Materials, and Equipment and Worker
Protection (continued)
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2001 2003 2005 2007 2009 2011 2013 2015 2017
2002 2004 2006 2008 2010 2012 2014 2016

First Year of IC Production

INTERCONNECT

Lowest ESH impact etch processes
that do not emit PFCs

Process optimization for etch and
chamber clean to reduce PFC
emissions

Low CoO abatement and recycle

Lowest ESH impact alternative clean
processes that do not emit PFCs

Predictive plasma emissions models

FRONT END PROCESSES

Lowest ESH impact etch processes
that do not emit PFCs

Lowest CoO PFC abatement and recycle

I 1]

_ Research Required |:| Development Underway I:l Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre -production should be taking place for the solution.

Figure 54 Potential Solutions for ESH: Climate Change Mitigation
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First Year of IC Production 2001 2003 2005 2007 2009 2011 2013 2015 2017

2002 2004 2006 2008 2010 2012 2014 2016

EQUIPMENT

Reduce equipment heat discharge

Reduce and/or recycle equipment exhaust

Reduce process area size by equipment
integration

Develop water cooled equipment vs. air cooled

INTERCONNECT
Minimize quantity of rinsewater from copper
plating processes

Reduce water consumption in CMP and
post-CMP cleans processes

I 5@@@

Water recycle for CMP and post CMP

Develop CMP slurry recycling
Develop treatment method for Cu CMP
Modeling to optimize CMP rinse water use

Reuse post-CMP rinse water

Measure/optimize systems energy use

Reduce energy consumption of plasma and
sputtering systems’ (tool, pump, for example)

[ et

Alternative low energy plasma systems

New energy-efficient thermal processes
New water and chemical heating technologies

Low temperature wafer cleaning

FRONT END PROCESSING

Develop high efficiency chemical rinse/etch
processes

Reduce H20 consumption by spin cleaning

Develop high efficiency chemical baths

Develop POU H20 recycling system

Develop high efficiency rinses

New energy-efficient thermal processes

New water and chemical heating technologies

Low temperature wafer cleaning

ﬁ!@ﬂﬂg ﬁ'

FACTORY INTEGRATION

Develop elements for a safe, “green”,
cost-effective fab

I Rescarch Required [/ Development Underway [ Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Figure 55 Potential Solutions for ESH: Resource Conservation
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First Year of IC Production 2001 2003 2005 2007 2009 2011 2013 2015 2017

2002 2004 2006 2008 2010 2012 2014 2016

LITHOGRAPHY

Design efficient resist coat and develop
processes

Design novel patterning equipment for
efficient materials use

Recycle dilute waste streams

Design sustainable, high performance
patterning processes

Reduce resist and developer consumption

Reclaim and reuse developer

Sustainable equipment design

Alternative chemical design to minimize
environmental impact

Sustainable materials management

Design equipment for minimum energy use

Measure and balance energy requirements
for POU T° and humidity controls

Energy-efficient designs for environmental
control

Non-temperature and humidity sensitive
processing

WQME!HHF

FACTORY INTEGRATION

Develop water reclaim and recycle

Optimize existing facilities equipment for
energy consumption

8

Develop ultra-efficient factory design template

Recycle equipment exhaust

Recycle exhaust heat energy

Implement high efficiency congeneration
systems

Decrease air conditioning load by
implementing mini-environments,mini-pod
systems, and clean dry air tunnels

BT

I Rescarch Required [ Dpevelopment Underway [ Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Figure 55 Potential Solutions for ESH: Resource Conservation (continued)
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2001 2003 2005 2007 2009 2011 2013 2015 2017
2002 2004 2006 2008 2010 2012 2014 2016

First Year of IC Production

ASSEMBLY AND PACKAGING

Use of thermoplastics

Reduce plating bath chemical usage

technology

Improved transfer molding process

Plating water optimization and recycle -:I:I

Low/no curing plastic

_ Research Required |:| Development Underway |:| Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

Figure 55 Potential Solutions for ESH: Resource Conservation (continued)

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS. 2001



