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ENVIRONMENT, SAFETY, AND HEALTH

SCOPE

BACKGROUND

The semiconductor industry views responsible performance in environment, safety and health (ESH) as critical to success.
Continued ESH improvement is a major consideration for semiconductor manufacturers, whose business approach to
ESH employs strategies that are integrated with manufacturing technologies, products, and services. This approach is
structured around the belief that good business stewardship includes an active awareness and commitment to responsible
environmental, safety, and health practices. Addressing these areas aggressively has resulted in the industry being an ESH
leader as well as atechnology leader.

EXPECTATIONS

For both engineers and research scientists, this roadmap identifies ESH R&D challenges that occur as new wafer
processing and assembly technologies are designed and created. Technology requirements are listed in Tables 101-106. It
also proposes possible technology and management sol utions to meet the challenges, asillustrated in Figures 73-75.

By giving direction to research centers, suppliers, and semiconductor manufacturers, this roadmap focuses the search for
solutions. ESH integration into manufacturing and business practices is clearly a priority. A high expectation of success
and improvement requires that ESH must be integral to the thoughts and actions of process, equipment, and facilities
engineers, and to university researchers. Improvements must meet local, national, and international needs, with positive
impact on cost, technical performance, and product timing. They must also minimize risk, public and employee health
effects, and environmental impact. Solutions must be timely, yet far reaching, to assure long-term success. Integration of
international initiatives and other notable ESH-focused entities sponsored by the semiconductor industry, universities and
government have made the ESH objectives of this roadmap truly international. Refer to the link to a new chemical
screening tool (Chemical Restrictions Table).

DIFFICULT CHALLENGES

Five global ESH challenges essential to a synergistic ESH strategy and that must be integrated into the technical thrust
areas are: Chemicals, Materials, and Equipment Management; Resource Conservation; Workplace Protection; Climate
Change Mitigation; and Design for Environment, Safety, and Health.

Chemicals, Materials, and Equipment Management must provide timely ESH information to equipment design engineers
and equipment users regarding the environmental, safety and health characteristics of potential new process chemicals
and materials. Thisinformation is essentia to the selection of optimal chemicals and materials for function and minimal
ESH impact with respect to reaction product emissions, health and safety properties, materials incompatibility with both
equipment and other chemical components, flammability and reactivity while minimizing unnecessary business impacts
after processes are developed and in production.

Resource Conservation (water, energy, chemicals, and materials) will grow in importance with respect to availability, cost
reduction, manufacturing location, sustainability, and waste disposal. As teams accumulate knowledge, the derived values
and underlying data for water and energy are in a state of flux. These values will be further refined in 2004.

Workplace Protection is always among the top priorities for our industry. As more knowledge is gained about the impact
of the work environment on employee health and safety, technology improvements may need to be made in facilities,
equipment, personal protective equipment, and training.

Climate Change Mitigation is a major consideration because it potentially could limit the use of energy and chemicals
essential to the manufacturing process. To address the above issues in a cost-effective and timely way, Design for
Environment, Safety, and Health (DFESH) minimizes ESH impacts by systematically considering them in the design
process as an integral part of management decision-making.
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Table 101a ESH Difficult Challenges—Near-term

Five Difficult Challenges
250 nmyThrough 2009

Summary of Issues/Needs

Chemicals, Materials, and
Equipment Management

New Chemical Assessment

Need for quality rapid assessment methodol ogies to ensure that new chemicals (or those carried over from previous
technologies but that now face new restrictions) can be utilized in manufacturing, while protecting human
health, safety, and the environment without delaying process implementation.

Chemical Data Collection
Need to document and make available environment, safety, and health characteristics of chemicals
Chemical Reduction

Need to devel op 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 devel op effective management systems to address i ssues related to disposal of equipment, and hazardous
and non-hazardous residue from the manufacturing process

Resource Conservation

Natural Resource Conservation (Energy, Water)

Need to implement known (from supplier optimization studies, benchmarking surveys and best known methods)
energy and water use reduction solutions

Continue to design innovative energy and water efficient processing equipment

Chemicals and Materials Use

Need more efficient utilization of chemicals and materials

Resource Recycling

Increase resource reuse and recycling

Sustainable Growth

Continued expansion of semiconductor manufacturing with reduced impact on natural resources

Workplace Protection

Equipment Safety

Continue to design ergonomically correct and safe equipment

Minimize ergonomic stressors and health and safety risks during maintenance activities
Chemical Exposure Protection

Increase knowledge base on health and safety characteristics of chemicals, materials, and process byproductsin the
manufacturing and maintenance processes and design out potential for chemical exposures and need for PPE

Climate Change Mitigation

Reduce Energy Use of Process Equipment

Need to design energy efficient processing equipment

Reduce Energy Use of the Manufacturing Facility

Need to devel op energy efficient facilities systems

Reduce High Global Warming Potential (GWP) Chemicals Emission

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

Design for Environment,
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 of new equipment and processes
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Table 101b ESH Difficult Challenges—Long-term

Do ot Sy o st
Chemicals, Materials and Equipment Chemical Use Information
Management Need to understand regulatory requirements that set chemical restrictions
Need for comprehensive material life cycle analysis of semiconductor products
Resource Conservation Reduce Water, Energy, Chemicals and Materials Use
Need resource efficient processing and facility support equipment driving toward resource
sustainability and greener fabs
Workplace Protection Equipment Safety
Need more emphasis on safety of fab automation systems/robotics and sub-system isolation (e.g.,
LOTO of components of cluster tools) for tool maintenance
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 Environment, Safety, and Evaluate and Quantify ESH Impact
Health (DFESH) Need ESH integrated into the design and development of new equipment and processes

ESH TECHNOLOGY REQUIREMENTS AND POTENTIAL SOLUTIONS

ESH INTRINSIC REQUIREMENTS

For making ESH-related technology decisions, the scientists and engineers responsible for new technology development
require an explicit set of analysis methodologies, data sets, and implementation methods. Table 102 defines those needs.
The intent is to meet the ESH intrinsic requirements in parallel to, but independent of, the mainstream technology
objectives. As teams accumul ate knowledge, the derived values and underlying data for water and energy are in a state of
flux. These values will be further refined in 2004. The water and energy values in this table are not fully developed;
these will be worked by the ITWG in 2004.

One important element of the measurement and evaluation methods is risk assessment. It may be possible to apply the
results of investigations by the chemica industry to the semiconductor industry, after appropriate modification. A
standardized methodology to identify, access, and accept risk is needed.

A methodology to identify the lowest ESH impact materials and processes needs to be developed. Measurement and
evaluation methods must be easy to use and reliable. Their meaning lessens if their content is not updated in response to
new semiconductor technologies and other technical developments. An algorithm to conduct environmentally conscious
design during the device/process development stage is needed.

Process analysis is another evaluation element. Process by-products, for example from plasma processes, are an important
issue. The elementary chemical reactions in each process must be understood, and new measurement and evaluation
methods must be implemented for devel oping processes that have the lowest ESH impact.

Database establishment—A database is necessary to store the information for accurately conducting risk assessment on
the materials and chemicals used. The database should contain information such as safety data, environmental load/impact
data, process data, emission distribution factor (dispersion model) and emission treatment methods to use the material in
accordance with existing laws and regulations. At present, the general database for chemicals and materials is generated
by the chemical/material industry, but the data are not sufficient, especially on the process used or the distribution factor
(dispersion model) of the chemical/material to the environment.

Water—Process simulation and cost optimization tools are required to determine the optimum balance of high efficiency
rinse processes; recycling of higher quality water process applications; and reuse of lower quality water for non-process
applications at different factories and different locations.
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4 Environment, Safety, and Health

CHEMICALS, MATERIALS AND EQUIPMENT MANAGEMENT

Risk assessment—Prior to employing a new chemical or material, it is necessary to accurately and quickly evaluate the
safety, health danger, and environmental load/impact. A decision is then made whether to employ the chemical, based on
the quantity to be used, the method to be employed, and the risk assessment. Operator and maintenance worker exposure
to the chemical or material must be reduced for safety and health reasons, and emissions must be controlled to minimize
environmental load/impact. In addition, the risk assessment should include a check of the chemical against the linked
chemical screening tool, to ensure that the chemical is not banned or under some regulatory watch.

Safety and environmental load/impact evaluation of new materials and new chemicals—The safety, health hazards, and
environmental load/impact of new materials and chemicals must be evaluated. It is necessary to identify the path by
which the environmental load/impact material is emitted (including the control of waste material) to find alternative
materials, or to develop recovery/treatment technol ogy.

Reduction of environmental load/impact materials and chemicals—Efforts have been made to find alternative materials,
especialy for greenhouse gases and ozone-depleting substances. Alternative materials for bromine and antimony used as
fire resistant materialsin plastic packages, and lead used for soldering and tinning, are being devel oped.

Environment management—It is necessary to control the chemicals and materials in each plant to reduce the quantity
used and their emissions. Therefore, a material balance control system is needed. A system for automatically collecting
data will be needed as the number of target chemicals and material s expands.

CLIMATE CHANGE MITIGATION

Energy consumption has increased due to the increased energy consumption of the manufacturing equipment for more
complex semiconductors, larger diameter wafers, and the increased air conditioning for higher cleanliness of the
cleanroom. Changes in areas such as cleanroom design, equipment design, and wafer transfer/storage methods are needed.
In addition to the need for more energy efficient tools, it is necessary to reduce the heat load/impact of the tools on the
cleanroom and to develop the capability to put the tools into “sleep-mode” when they are idling and not processing
wafers. Also optimization of tool exhaust requirements and cleanroom HEPA velocities are required to reduce overall fab
energy consumption. Potential solutions for energy are shown in Figure 75.

Globa climate change concerns are driving international efforts to reduce emissions of greenhouse gases, such as PFCs
used in semiconductor manufacturing.

WORKPLACE PROTECTION

For equipment, processes, maintenance, factory design, and factory integration, the industry must accept and fully employ
a standard protocol for hazard control utilizing the following ranking for solutions: 1) hazard elimination, 2) engineering
controls, 3) administrative controls, and 4) personal protective equipment (PPE).

Increases in wafer size and throughput will require wafer-handling systems that may increase worker risk during
operation and maintenance. The movement of automated wafer transport systems and their interface with manufacturing
equipment are potentially dangerous to nearby workers. Design controls and procedures comprehending ergonomics and
robotics to improve equipment operability and prevent incorrect operation need to be established.

An industry need exists for safe, cost-effective materials of construction. Fire-resistant, process-compatible materials that
meet the needs of manufacturing and the expectations of insurers are necessary for both tools and wafer carriers.

Electromagnetic waves exhibit various wavelength-dependent characteristics. When the wavelength used for pattern
exposure is shortened to the X-ray region, the health effects must be eval uated.
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RESOURCE CONSERVATION

The increase in wafer size and the number of process steps as well as the need for higher purity water and chemicals
indicates a potential trend for higher resource (water, energy, and chemicals) usage per wafer. This trend can be reversed
by development of higher efficiency processes and tools and by a combination of strategies including recycling of spent
chemicals, water, and waste for process applications and reuse for non-process applications. Resource usage efficiency in
semiconductor tools can be greatly improved. For example, in the photolithography process a significant amount of the
photoresist applied to the wafer is slung off during the spin-on process step and becomes waste

Water—Water used in semiconductor manufacturing is mostly ultrapure water (UPW). Since the production of UPW
requires large quantities of chemicals, an increase in UPW consumption and quality results in greater chemical
consumption (and ultrapure water production cost). A decrease in UPW consumption will reduce environmental effects
caused by the chemicals as well as reduce manufacturing costs. Recycling of higher quality water for process applications
and reuse of lower quality water for non-process applications is important. In areas where water is plentiful, wastewater
recycling will depend on local water reuse options and associated recycling costs. The water values in Table 102 are not
fully developed; these will be worked by the ITWG in 2004.

Energy—Limits on sources of energy could potentially limit industry’s ability to expand existing factories or build new
ones. While the semiconductor manufacturers have demonstrated improved energy efficiencies over the past decade,
potential resource limitations require the industry to continue the trend.

Chemicals—New chemicals and materials will be used and their usage will be rapidly increased with introductions and
development of new technologies to satisfy technology requirements. Whereas in the past the same materials would easily
support four to five technology generations, today nearly each technology generation requires introduction of one or more
new materials. Though total quantity of chemicals and materials usage in semiconductor industry is quite small compared
to other industries, resource efficient processing and production equipment are needed.

Zero Waste—In consideration of the items mentioned above, the semiconductor manufacturers should aim at realizing a
“zero waste” plant like other industries. To achieve that objective the waste recycle rate must be improved and
cooperation with the recycling industry and governments will be necessary.

DESIGN FOR ENVIRONMENT, SAFETY, AND HEALTH

Design for Environment, Health and Safety (DFESH) is the term applied to the integration and proliferation of ESH
improvements into the technology design. It allows for the early evaluation of ESH issues related to critical technology
developments and ensures that there are no ESH-related “ showstoppers.” It requires a comprehensive understanding of
tools and materials development, facility design, waste and resource management and the way they affect ESH results.
DFESH allows us to build ESH improvements into the way products are manufactured, while maintaining desirable
product price/performance and quality characteristics.
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Table102a ESH Intrinsic Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009 DRIVER
Technology Node hp90 hp65
Dram %2 Pitch (nm) 100 90 80 70 65 57 50

Chemicals, Materials, and Equipment Management Technol ogy Requirements

Assessment of Chemical and By-product Properties

Data accumulation Data Matrix Agreed New restrictions
upon
data

matrix

New chemicals 50% of data per [EVLZNeI Mo NN JLTMa Il New processes
(include by-product materials) chemical two two years after market
years after introduction

market
introduction

Resource Conservation Technology Requirements

Energy Consumption Sustainable growth and
cost
Total Fab tools (KWh/cm?) 0.5-0.7
Total Fab support systems (kWh/cmZ) 0.5-0.7
Tool energy usage per wafer pass 15
(300 mm versus 200 mm); baseline 1999 ’
Water Consumption Sustainable growth and
cost
Net feed water use (liters'em?) 8-10 8-10
Fab UPW use (liters/'em?) 5-7 4-6
Wet bench UPW use (liters/300 mm 53 42
-wafer pass)
Chemical Consumption and Waste Reduction Environmental
stewardship and cost
Chemical use(liters/cmzlmask layer) Reduced 5% per year Reduced 5% per year
Recycle/reuse systems Expanded Implementation Innovative recycling
technologies
Waste recycle/reuse rate (%) 65% 70%
Climate Change Mitigation Technology Requirements
Reduce PFC emission 10% absolute reduction from 1995 baseline by 2010 as agreed | Voluntary agreement
to by the World Semiconductor Council (WSC)

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known _
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Table 102a ESH Intrinsic Requirements—Near-term (continued)

Year of Production 2003 2004 2005 2006 2007 2008 2009 DRIVER
Technology Node hp90 hp65
Dram¥2 Pitch (nm) 100 90 80 70 65 57 50
Workplace Protection Technology Requirement
Equipment safety, gases and chemical leaks, Conformance to International ESH standards and guidelines Worker safety and
and equipment stability during an earthquake such as SEMI S2' and European CE Mark requirements? fab protection
Safe interface of automated material handling SEMI S2 guidelines and CE Mark directives Worker safety
systems (AMHS) and manufacturing equipment
Safe robotics SEMI S2 guidelines and CE Mark directives Worker safety
Comprehensive exposure data Collaboration among government, industry, academia, and
companies regarding new exposure data
Personal protection equipment (PPE) Reduced dependence on PPE
Material Safety Data Sheets (MSDS) Standardized format omprehe e data
Equipment risk assessment (health and safety) Common algorithm Common application
Potential chemical exposure Design out potential for any chemical exposure and reduce
dependence on PPE
Ergonomic improvement Minimized physiological | Minimized/eliminated physiological
stressors stressors
Design for ESH (DFESH)
Environmental load/impact assessment (LCA) Common algorithm to identify and access risk Green Fab

Chemical risk assessment (health and safety)

Common algorithm to identify and access risk

Material balance

Pollutant
release and
transfer
disclosure
(PRTR)

PRTR data acquisition system

New materials and
restrictions

Common test methods, protocol, and application

Regulatory requirements

Collection of requirements, guidelines and policy trends

Compliance

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known |4
Manufacturable solutions are NOT known

1 SEMI. S2-93A—Safety Guidelines for Semiconductor Manufacturing Equipment.

2 European CE Mark Safety Requirements.
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Table 102b ESH Intrinsic Requirements—Long-term

Year of Production 2010 | 2012 | 2013 | 2015 | 2016 | 2018 Driver
Technology Node hp45 hp32 hp22
DRAM %2 Pitch (nm) 45 35 32 25 22 18

Chemicals, Materials, and Equipment Management Technology Requirements

Assessment of Chemical and By-product Properties

Data accumulation

o .
New chemicals (including by-product materials) 100% of da?ﬁﬁ;tcmmgslc%?] years after

Resource Conservation Technology Requirements

Energy Consumption

Total Fab tools (KWh/cmz)

Total Fab support systems (kWh/cmZ)

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

Water Consumption

Cost and
sustainable
growth

Net feed water use (Iiters/cmz)

Fab UPW use (liters/'em?)

Wet bench UPW use (liters/300 mm-wafer pass)

Chemical Consumption and Waste Reduction

Chemical use (liters'cm?/mask layer) Reduced 5% per year Environmental

Recycle/reuse systems Innovative recycling technologies stewardship

Waste recycle/reuse rate (%) 80% 90%

Climate Change Mitigation Technology Requirements

I 10% absolute reduction from 1995 baseline | Voluntary
Reduce PFC emission by 2010 as agreed to by the WSC agreement

Manufacturable solutions exist, and are being optimized
Manufacturabl e solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known _

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



Environment, Safety, and Health 9

Table102b ESH Intrinsic Requirements—Long-term (continued)

Year of Production

2010 | 2012 | 2013 | 2015 | 2016 | 2018

Driver

Technology Node

hp45 hp32 hp22

DRAM ¥z Pitch (nm)

45 35 32 25 22 18

Workplace Protection Technology Requirement

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

Conformance to international ESH
standards and guidelines such as SEMI
and CE Mark requirements

Safe interface of automated material handling systems
(AMHS) and manufacturing equipment

SEMI guidelines and CE directives

Safe robotics

SEMI guidelines and CE directives

Comprehensive exposure data

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

Personal protection equipment (PPE)

Eliminated need for PPE

Material Safety Data Sheets (MSDS)

Comprehensive data

Equipment risk assessment (health and safety)

Common application for new equipment

Potential chemical exposure

Eliminated potential for any chemical
exposure and eliminated need for PPE

Ergonomic improvement

Eliminated physiological stresses for new
equipment

Design for ESH (DFESH)

Environmental |oad/impact assessment (LCA)

Lowest environmental load/impact
materials in production

Chemical risk assessment (health and safety)

Lowest chemical risk (health and safety)
materials in production

Material Balance

New materials/
restrictions

Regulatory requirements

Collection of requirements, guidelines,
policy trends, and others

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Manufacturable solutions are NOT known

Interim solutions are known [
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Table 103a Chemicals, Materials and Equipment Management Technology Requirements—Near-term*

*Link to the Environment, Safety, and Health new chemical screening tool (Chemical Restrictions Table).

Year of Production 2003 2004 2005 2006 2007 2008 2009 Driver
Technology Node hp90 hp65
DRAM ¥z Pitch (nm) 100 90 80 70 65 57 50
Interconnect
Low-k materials—spin-on and Lowest ESH impact Minimum N . .
CVD solvent/CVD emission/waste 5% raw Ttﬁtiigté?:)fhem'cal)
precursors processes
Copper processes 50% copper o g 100% copper Speed,
reclaimed/recycled G A Sl e e reclaimed/recycled reliability

Advanced metallization

Lowest ESH impact

Minimum emission/waste processes

5% reduction in consumables per year Planarity

precursors

Planarization 5% reduction in consumables per
year

Plasma processes Alternative etch chemistries

Lowest ESH impact etch chemistries

Characterization of
plasma by-products

Lowest ESH impact etch chemistries

Front end Processes

High-k materials

Minimum
emission/waste
processes

Lowest ESH impact high-k

materials ESH benign processes

ESH characterization
of deposition, etch,
and cleans processes

Transistor
performance
and device
development

Low-hazard
deposition, etch, and
cleans processes

ESH benign processes

High-k materials
without potentially
toxic/bioaccumulative
metals (Pb, Ni)

Lowest hazard metal compounds

Doping

Reduced usage of
high pressure dopant
delivery systems

Safe delivery of dopants (zero ESH impact)

ESH characterization
of new doping
materials and

processes

Lowest hazard dopant materials and processes

Surface preparation

Ongoing research and
integration of
solutions

Optimized surface preparation processes

ESH-friendly wafer clean and rinse

processes and tools

ESH-friendly wafer clean and rinse processes
and tools incorporated into manufacturing

evaluated

Front-end etch

ESH characterization
of etch processes

Etch process hazards
eliminated (zero ESH
impact)

ESH-friendly etch processes

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Manufacturable solutions are NOT known

Interim solutions are known
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Table 103a Chemicals, Materials and Equipment Management
Technology Requirements—Near-term (continued)*

*Link to the Environment, Safety, and Health new chemical screening tool (Chemical Restrictions Table).

Year of Production 2003 2004 2005 2006 2007 2008 2009 Driver
Technology Node hp90 hp65
DRAM ¥z Pitch (nm) 100 90 80 70 65 57 50
Lithography
New Equipment Reduced
featuresize
Optical Minimal ESH impact from radiation, Next

Characterization of ESH impacts ergonomics, chemical consumption, and generation
disposal lithography
e-Beam Minimal ESH impact from

Characterization of ESH impacts radiation, ergonomics, chemical
consumption, and disposal

EUV Minimal impact from ionizing
radiation, ergonomics,
energy/chemical consumption,
and disposal

Non-PFOS PAG for EUV resist

Characterization of ESH impacts

Requirements for PPE and/or equipment defined

New materials Characterization of Minimal ESH impact for new chemicals, purification
ESH impacts requirements, wastes, and emissions

PFOS alternatives for
non-critical uses*

PFOS alternatives for critical uses**

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known

Notes for Table 103a:

**Critical uses of PFOS includes use in a photo-microlithography process to produce semiconductors or similar components of electronic or other
miniaturized devicesas a:

—Component of a photoresist (including PAGs and surfactants)

—Component of an anti-reflective coating
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12 Environment, Safety, and Health

Table 103b Chemicals, Materials, and Equipment Management Technology Requirements—Long-ter m*

*Link to the Environment, Safety, and Health new chemical screening tool (Chemical Restrictions Table).

Year of Production 2010 2012 2013 2015 2016 2018 Driver
Technology Node hp45 hp32 hp22

DRAM %2 Pitch (nm) 45 35 32 25 22 18

Interconnect

Low-k materials—spin-on and CVD 90% raw material (chemicals) utilization Speed, signal loss
Copper processes 100% copper reclaimed/recycled Speed, reliability
Advanced metallization Minimum emission/waste processes

Planarization 5% reduction in consumables per year Planarity

Plasma processes Lowest ESH impact etch chemistries Etch/clean

Front end Processes

Trangistor performance

High-k materials Lowest hazard metal compounds Transistor performance and
device development
Safe delivery of lowest hazard dopants
Doping (zero ESH impact)
Self-cleaning dopant tools (in situ clean)
Surface preparation ESH—frlendIy rinse processes an(_j tools
incorporated into manufacturing
Front end etch Etch process haza_xrds eliminated
(zero ESH impact)
Lithography
New Equipment Reduced feature size
’ Minimal ESH impact for ionizing radiation, L
Optica ergonomics, chemical consumption, and disposal Next generation lithography
Minimal ESH impact for ionizing radiation,
e-Beam . . . )
ergonomics, chemical consumption, and disposal
Minimal impact from ionizing radiation,
EUV ergonomics, energy/chemical consumption, and
disposal
New materials Minimal ESH impact for new chemicals, Reduced feature size

purification requirements, wastes, and emissions

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known
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Table 104a Climate Change Mitigation Technology Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM ¥z Pitch (nm) 100 90 80 70 65 57 50
Interconnect
Reduce PFC emissions for Optimized
CVD equipment chamber
clean
F;[feii?at?i?/z Optimized chamber clean processes, alternative chemistries, and cost-effective
Lo abatement for new technologies
chemistries,
and cost-
effective
abatement
Chs_;\mbgr clean gas 95% 98%
utilization*
Front End Processes
Reduce PFC emissions (etch) Develop
optimized
ro?:tgshses Optimized etch processes, alternative chemistries, and cost-effective abatement for
P new technologies
and cost-
effective
abatement

New alternative etch chemistries identified

*Utilization = (PFCin-PFCout)/PFCin* 100

Table 104b  Climate Change Mitigation Technology Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM %2 Pitch (nm) 45 35 32 25 22 18
Interconnect

Reduce PFC emissions for CVD Optimized chamber clean processes, alternative chemistries, and cost-effective
equipment abatement for new technologies

Chamber clean gas utilization* 98%

Front End Processes

Reduce PFC emissions (etch) Optimized etch processes, aIternativetggremmci)ls;rgiﬁess, and cost-effective abatement for new

*Utilization = (PFCin-PFCout)/PFCin* 100

Manufacturable solutions exist, and are being optimized
Manufacturabl e solutions are known

Interim solutions are known {4

Manufacturable solutions are NOT known _
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Table 105a Resource Conservation Technology Requirements—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009 Driver
DRAM ¥z Pitch (nm) 100 90 80 70 65 57 50
Interconnect
Copper processes Minimum rinse water,
consumables and Copper processes optimized for ESH
chemical consumption .
Increasing
Planarization Reduced number of
water Water recycle/reclaim interlayers
consumption
Plasma processing Reduced tool idle energy use
Front End Processes
High-k Energy-efficient deposition processes
Doping More efficient heat energ e fo e doping te ologie
removal (PCW) from
implanters
Surface preparation Energy efficient clean processes (reduced exhaust flow rates)
Incorporation
of novel . . . )
rinse Novel water reduction techniques derived from surface/interface
. science
methods in
wet tools
Front-end etch Reduced tool idle energy
Starting materials Quantified energy/water reduction from SOl-based process flows
Lithography
Equipment resource - . . . A Reduced
consumption: optical, e- Optimized energy consumption, equipment related chemicals/ gases/materials, and feature size

beam, and EUV

water consumption

Factory Integration

Net feed water use
(liters’cm?)

35

Fab UPW use (liters'cm?)

5-7 4-6

Wet bench UPW use
(liters/300 mm-wafer pass)

53 42

Assembly and Packaging

Eliminate waste from
molding process

Zero waste from molding technologies

Reduce water use

0.8X (X =1999 baseline)

Reduce chemical use and

0.8X (X =1999 baseline)

consumption
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known |4
Manufacturable solutions are NOT known _
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 200mm UPW usage. The baseline valueis set at (0.83 gal per in® per mask layer).
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Table 105b  Resource Conservation Technology Requirements—Long-term
Year of Production 2010 2012 2013 2015 2016 2018 Driver
Technology Node hp45 hp32 hp22
DRAM ¥; Pitch (nm) 45 35 32 25 22 18
Interconnect

Copper processes

Copper processes optimized for ESH

Planarization

Water recycle/reclaim

Plasma processing

Reduced tool idle energy usage

Increasing number of
interlayers

Front End Processes

High k

Energy efficient deposition processes

Doping

Minimum doping energy for future technologies

Surface preparation

Energy efficient clean processes (optimized exhaust flow rates)

Front end etch

Reduced tool idle energy usage

Starting materials

Quantified energy/water reduction from SOl-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'em?)

Fab UPW use (liters'em?)

Wet bench UPW use (liters/300 mm
wafer pass)

Assembly and Packaging

Eliminate waste from molding process

Zero waste from molding technologies

Reduce water use

0.5X (X =1999 baseline)

Reduce chemical use and consumption

0.5X (X =1999 baseline)

Table 106 Design for Environment, Safety, and Health Technology Requirements

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM %2 Pitch (nm) 100 90 80 70 65 57 50
Factory Integration

Improved factory design and equipment integration for ESH

Incorporate ESH design

guidelines, methodology,

and criteria into tool and
factory design

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known _

Safe, "green" Fab
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ESH INTRINSIC REQUIREMENTS

ESH requirements were established based on mapping of the technical thrust needs against the ESH Difficult Challenges.
The specific technical thrust influences are discussed below.

INTERCONNECT

The interconnect area poses severa unique environment, safety, and health (ESH) challenges. Because of the new
processes being developed to meet the technology demands, the industry is evaluating new materials in the area of
advanced metallization, low k, CMP, supercritical fluid wafer cleaning and post-copper/low-k interconnect schemes. The
ESH impacts of these new materials, processes, and subsequent reaction by-products must be determined as early as
possible, ideally in the university and early supplier research stages, to ensure that the ESH information is available to the
users. This determination will allow selection of optimal process materials based on both function and lowest ESH impact
with respect to reaction product emissions, health and safety properties, materials compatibility with both equipment and
other chemical components, flammability, and reactivity. This will minimize undesirable business impacts after processes
are developed and used in large-scale production. The near-term technology requirements for Chemicals, Materials, and
Equipment Management (Table 103a) include the development of the lowest impact materials and processes for all areas
of interconnect. This includes solvents and polymers for spin-on processes, CVD precursors, low-k pore sealers and
barrier materials, planarization chemistries and pads, and etch chemistries. It also calls for reduced chemical requirements
and reduced waste in these areas, which may be achieved by increasing chemical utilization efficiency in CVD processes,
extending bath life or recycling in copper plating; and decreasing slurry requirements or recycling durry in CMP. The
long-term technology requirements (Table 103b) include zero-waste deposition processes for both dielectrics and metals
and non-chemical consuming processes for planarization.

The use of supercritical fluids such as supercritical carbon dioxide for removing etch residues from low-k materias is a
promising emerging technology that will significantly reduce chemical and water waste. Since there are currently no
suitable cleaning methods for low-k dielectrics, supercritical fluid processes promise to become the enabling technology
for via veil and post-etch low-k cleans. This is a good example of how a more environmentally benign process can also
have significant process advantages.

Globa warming resulting from the emission of greenhouse gases has been identified as one of the possible causes of
climate change. Perfluorocompounds (PFCs), one type of high global warming potential chemicals, are used almost
exclusively in interconnect in dry etch and chamber cleaning applications. Both the near- and long-term technology
requirements for Climate Change Mitigation (Table 104) are for a 10% absolute reduction of PFC emissions from the
1995 baseline, the goal established internationally by the semiconductor industry. To achieve this aggressive goal and to
ensure that these chemicals remain available for i