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Environment, Safety, and Health 1

ENVIRONMENT, SAFETY, AND HEALTH

2004 UPDATE HIGHLIGHTS

ELIMINATED REQUIREMENTS THAT ARE ALREADY “ESH BEST PRACTICES”

Exposure Data

Dependency upon Personal Protective Equipment
Equipment/Process Risk Assessments

Ergonomic Stressor Evaluation

Collection of Regulatory Requirements

Pollutant Release and Transfer Disclosure

ouapwdE

RESTRUCTURED “DESIGN FOR ESH” SECTION

1. Interim solutions are being used for Life Cycle Assessments (LCA) and for Chemical Risk Assessments.
2. Pollutant Release and Transfer Disclosure was dropped.
3. Regulatory requirements were dropped because they are covered by existing Environmental Management Systems

Resource Conservation for Energy and Water Energy Conservation (Table 102)
1. Ratio of Fab Equipment to Facilities energy use was changed from 50/50 to 40/60.

Water Conservation (Tables 102 and 105)
1. Eliminated redundancy by locating data only in Table 102.

CHEMICAL/MATERIALS AND EQUIPMENT MANAGEMENT

1. (Table 103) Dropped requirements for safe dopant delivery systems (goal achieved) and expanded definition of
dopant requirements.
2. Revised high-k materials of concern.

Link to the 2003 ITRS Environment, Safety, and Health chapter
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2 Environment, Safety, and Health

WORKING GROUP TABLES

Table 101a ESH Difficult Challenges—Near-term

Five Difficult Challenges
>50 nm/Through 2009

Summary of Issues/Needs

Chemicals, Materials, and
Equipment Management

New Chemical Assessment

Need for quality rapid assessment methodologies 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 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 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 byproducts in 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 develop 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

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2004 UPDATE
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Table 101b ESH Difficult Challenges—Long-term

Five Difficult Challenges

<50 nm/Beyond 2009 Summary of Issues/Needs

Chemicals, Materials and Chemical Use Information

Equipment 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., lock-
out, tag-out (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, Evaluate and Quantify ESH Impact
and Health (DFESH)

Need ESH integrated into the design and development of new equipment and processes
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4 Environment, Safety, and Health

Table 102a ESH Intrinsic Requirements—Near-term UPDATED

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 Technology Requirements
Assessment of Chemical and By-product Properties
Agreed
. . upon -
WAS Data accumulation Data Matrix data New restrictions
matrix
Chemical glhoebn?l
IS Chemical Data Tool Properties Data
Form —
E— Form
0,
Sgéﬂig;t?v\?:r 100% of data per
New chemicals chemical two years
WAS (include by-product materials) yeril;f;tter after market New processes
. . introduction
introduction
| 59%9.‘43‘&98 |
. shmienles
IpELETE| : - o Newprocesses |
(include by-product materials)
| market |
. .
ADD | New chemical data availability IBD | New processes ||
Resource Conservation Technology Requirements
Energy Consumption Sustainable
9y P growth and cost
WAS | Total Fab tools (KWh/cm2)
I IS Total Fab tools (KWh/cm2) [3]
WAS | Total Fab support systems (kWh/cm2)
I IS Total Fab support systems (kWh/cm2) [3]
WAS Tool energy usage per wafer pass
(300mm versus 200mm); baseline 1999
IS Tool energy usage per wafer pass
(300mm versus 200mm); baseline 1999
. Sustainable
Water Consumption growth and cost
WAS Net feed water use (liters/cm2) 8-10 8-10
I IS Net feed water use (liters/cm2) [3] 8-10 8-10
WAS Fab UPW use (liters/cm2 5-7 4-6
I IS Fab UPW use (liters/cm?) [3] 5-7 4-6
Wet bench UPW use (liters/300 mm-wafer 53 42
pass)
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | 4

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:
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Table 102a ESH Intrinsic Requirements—Near-term UPDATED (continued)

Environment, Safety, and Health 5

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

Chemical Consumption and Waste Reduction

Environmental
stewardship and
cost

WAS Chemical use (Iiters/cmzlmask layer) Reduced 5% per year Reduced 5% per year
IDELETE | Chemical-use-(litersicm2/masktayer) Reduced 5% per-year
Recycle/reuse systems Expanded Implementation e reqycllng
technologies
WAS | Waste recycle/reuse rate (%) 65% 70%
IS Hazardous liquid waste recycle/reuse 65% 80%
Add | Solid waste recycle/reuse 65% | 85%
Climate Change Mitigation Technology Requirements
Reduce PFC emission 10% absolute reduction from 1995 baseline by 2010 as | Voluntary
agreed to by the World Semiconductor Council (WSC) |agreement
Workplace Protection Technology Requirement
: . Conformance to International ESH standards and
Equipment safety, gases and chemical leaks, S o] Worker safety and
WAS and equipment stability during an earthquake guidelines such as SEM.I S2 a”[%'] European CE Mark fab protection
requirements
: : & Conformance tolatestinternational-ESH-standards
Equipment safety, gases and chemical leaks, == —_— ) Worker safety and
IS and equipment stability during an earthquake and guidelines suchas SEMI 52 ?z?d EuropeanCE fab protection
Mark requirements
Safe interface of automated material handling - . .
WAS systems (AMHS) and manufacturing equipment SEMI S2 guidelines and CE Mark directives Worker safety
IS Safe interface of automated material handling & Conformance to latest SEMIS2 guidelines and Worker safet
systems (AMHS) and manufacturing equipment CE-Maricdirectives y
WAS | Safe robotics SEMI S2 guidelines and CE Mark directives Worker safety
IDELETE | Saferebetics SEMI-S2 guidelines-and CE Mark directives
. Collaboration among government, industry, academia,
WAS | Comprehensive exposure data and companies regarding new exposure data
IDELETE Comprehensive exposure data
WAS | Personal protection equipment (PPE) Reduced dependence on PPE
!DELETE Personal protection-equipment (PPE)
WAS | Material Safety Data Sheets (MSDS) Standardized format Comprehensive data
"DELETE | Materiak Safety Daia Sheeis (MSDS)
WAS | Equipment risk assessment (health and safety) Common algorithm | Common application
IDELETE | Equipmentrisk-assessment-(health-and-safety)
WAS | Potential chemical exposure Design out potential for any chemical exposure and
P reduce dependence on PPE
g DELETE | Potential-chemical-exposure
L Minimized physiological Minimized/eliminated
WAS | Brgonomic improvement stressors physiological stressors
DELETE | Ergonomicimprovement

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

Manufacturable solutions are NOT known
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6 Environment, Safety, and Health

Table 102a ESH Intrinsic Requirements—Near-term UPDATED (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
Design for ESH (DFESH)
WAS | Environmental load/impact assessment (LCA) Common algorithm to identify and access risk Green Fab
I IS Environmental load/impact assessment (LCA) |- Common algorithmto identify-and access risk| Green Fab
WAS | Chemical risk assessment (health and safety) Common algorithm to identify and access risk
I IS Chemical risk assessment (health and safety) ¢ Common algorithm to identify and access risk
Pollutant
release and .
L New materials
WAS | Material balance _transfer PR G gie Eg s ilen syEiar and restrictions
disclosure
(PRTR)
Common test methods, protocol, and application
[ e polptant |~~~ -~~~ -~ [T T- T~ L
1 release and A ial 1
I Material-balance . and-restrictions |
DELETE disclosure
' ~ Common testmethods protocolandapphication |- |
WAS | Regulatory requirements Collection of reqmrerrtlreennt(sj,sgwdelmes and policy Compliance J
T T T T T T T T e T e s s e s e e e e e e e e == i
DELETE | Regulatory-reguirements- Compliance I

[1] SEMI. S2-93A—Safety Guidelines for Semiconductor Manufacturing Equipment.
[2] European CE Mark Safety Requirements.
[3] cm? per wafer out.

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:
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Environment, Safety, and Health 7

Table 102b  ESH Intrinsic Requirements—Long-term UPDATED

Year of Production 2010 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 Driver
Technology Node hp45 hp32 hp22

DRAM % Pitch (nm) 45 40 35 32 28 25 22 20 18

Chemicals, Materials, and Equipment Management Technology Requirements

Assessment of Chemical and By-product Properties

lDELETE —Data-accumulation
New chemicals (including by-product
WAS materials)
e
1 DELETE iads) { 9
ADD | New chemical data availability | IBD [_ Il
Resource Conservation Technology Requirements
Energy Consumption
WAS  |Total Fab tools (KWh/cmZ)
IS Total Fab tools (KWh/cmZ) [31
WAS

Total Fab support systems (kWh/cmZ)

Total Fab support systems (kWh/cmZ) [31

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

Water Consumption

WAS Net feed water use (Iiters/cmz)
IS Net feed water use (Iiters/cmz) 31
WAS Fab UPW use (Iiters/cmz)
IS Fab UPW use (Iiters/cmz) [31
Wet bench UPW use (liters/300 mm-wafer
pass)
Chemical Consumption and Waste Reduction
Chemical use (Iiters/cmzlmask layer) Reduced 5% per year
Recycle/reuse systems Innovative recycling technologies
WAS Waste recycle/reuse rate (%)
I DELETE |-Wasterecycle/reuse-rate{(%)
Environmenta
ADD |Hazardous liguid waste recycle/reuse |
stewardship
ADD |Solid waste reycle/reuse 80% 90% _
Climate Change Mitigation Technology Requirements
o 10% absolute reduction from 1995 baseline by 2010 as agreed |Voluntary
WAS Reduce PFC emission to by the WSC agreement
IS Reduce PFC emission

1995-10% Maintain 10% absolute reduction from 1995
_— baseline

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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8 Environment, Safety, and Health

Table 102b  ESH Intrinsic Requirements—Long-term UPDATED (continued)

Year of Production 2010 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 Driver
Technology Node hp45 hp32 hp22
DRAM % Pitch (nm) 45 40 35 32 28 25 22 20 18
Workplace Protection Technology Requirement

WAS Equipment safety, gases and chemical leaks, Conformance to international ESH standards and guidelines
and equipment stability during an earthquake such as SEMI and CE Mark requirements

IS Equipment safety, gases and chemical leaks, Conformance to_latest international ESH standards and

and equipment stability during an earthquake guidelines such as SEMI and CE Mark requirements
Safe interface of automated material handling
systems (AMHS) and manufacturing SEMI guidelines and CE directives
equipment

WAS Safe robotics SEMI guidelines and CE directives

| DELETE |-Saferobetics SEMIguidelines-and-CE directives 1

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

Eliminated need for PPE

= tor PPE
Comprehensive data

I DELETE |-Material-Safety-Data-Sheets (MSDS) Comprehensive data
WAS Sﬁgeli;pment risk assessment (health and Common application for new equipment
I___-Equwmenpnsleassessmen%(w'__'_ ________ L .
DELETE Common-apphecationfor-new-eguipment
safety)

. . Eliminated potential for any chemical exposure and eliminated
WAS Potential chemical exposure need for PPE

I DELETE |-Potential-chemical-exposure E SRR SR SFE FSFEEk SRPESIRS SRS St

WAS Ergonomic improvement Eliminated physiological stresses for new equipment
| DELETE |-Ergonemicimprovement Eliminated-physiological-stressesfornew-eguipment

Design for ESH (DFESH)

Environmental load/impact assessment
(LCA)

Chemical risk assessment (health and safety) [N R EINIEIRTE HGEENREG RS RnEETEIR N dole (Ve ile]y)

Lowest environmental load/impact materials in production

Material Balance

New materials/
restrictions

Collection of requirements, guidelines, policy trends, and

WAS Regulatory requirements others

| DELETE |-Regulateryrequirements Collection-of-requirements, guidelines-policy trends-and

[1] SEMI. S2-93A—Safety Guidelines for Semiconductor Manufacturing Equipment.
[2] European CE Mark Safety Requirements.
[3] cm? per wafer out.

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

Interim solutions are known | @

Manufacturable solutions are NOT known |
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Environment, Safety, and Health 9

Table 103a Chemicals, Materials and Equipment Management Technology Requirements—Near-term

UPDATED
Year of Production 2003 2004 2005 2006 2007 2008 2009 Driver
Technology Node hp90 hp65
DRAM % Pitch (nm) 100 90 80 70 65 57 50
Interconnect
Lowest ESH N
. . impact L 75% raw material Speed, signal
Low-ic materials—spin-on and CVD | ¢ env/cvp e?;'?;‘;’;’g” e (chemical) utilization loss
precursors P
50% copper o 100% copper
WAS | Copper processes reclaimed/ r7e5cf)aicno123?rrec cled reclaimed/ fgl?:gilit
recycled y recycled y
50% copper 85% copper
: 75% copper . Speed,
IS Copper processes (ECD) reclaimed/ reclaimed/recycled reclaimed/ reliability
recycled recycled
WAS | Advanced metallization DR L a ] Minimum emission/waste processes
impact precursors
Advanced metallization including ¥ | owestESH
IS Cu barrier and seed (PVD and [impact Minimum emission/waste processes
ALD) pFEcursors
WAS | Planarization 5% reduction in consumables REANE=l I ile]a Mg Netelak{UIniF-1o] (e L=TE Planarity
per year year
. . >159
Establish 15% reduction in %ction in
IS Planarization_(Metal CMP) consumables consumables from e — Planarity
- : consumables
baseline baseline e
_ — from baseline
. A Lowest ESH impact etch
WAS | Plasma processes Alternative etch chemistries chemistries Etch/clean
. - Lowest ESH impact etch
IS Plasma Etch processes Alternative etch chemistries chemistries
Characterization .
Lowest Eofl impact CVD chamber clean
ADD | CVD Chamber Clean (Plasma) | of plasma by- e

products

chemistries

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | @
Manufacturable solutions are NOT known

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:
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10 Environment, Safety, and Health

Table 103a Chemicals, Materials and Equipment Management Technology Requirements—Near-term
UPDATED (continued)

Year of Production 2003 2004 2005 2006 2007 2008 2009 Driver
Technology Node hp90 hp65
DRAM % Pitch (nm) 100 90 80 70 65 57 50
Front end Processes
gﬂrlnnilsrgiuonr:/waste Lowest ESH impact high-k ESH benign
processes materials processes
Low-hazard Transistor
_— . ESH deposition, etch, and ESSIgRERITe[aN o] e Io=R= performance
WAS | High-x materials characterization cleans processes and device
of deposition, High-x materials development
etch, and cleans | without potentially Lowest hazard metal
processes toxic/bioaccumulative [efe]gglsleIlaTskS
metals (Pb, Ni)
('\eﬂr:wr}giuorr?/waste Lowest ESH impact high-x ESH benign
processes materials processes
Low-hazard Transistor
IS High-k materials ESH o deposition, etch, and ESSIgRERITe[aN o] e Io=RE=E pe(rjfc()jrm_ance
characterization cleans processes 3“ Iewce "
of deposition, : : evelopmen
etch, and cleans High-x materials Lowest hazard
' without potentially compounds and
processes toxic/bioaccumulative compounds and
metals m

Reduced usage of
high pressure
dopant delivery
systems

WAS | Doping ESH
characterization
of new doping Lowest hazard dopant materials and processes
materials and
processes

Safe delivery of dopants (zero ESH impact)

of-high-pressure ; .
; Safe-delivery of dopants-(zero-ESH-impact)
IS |

Doping_(Implantation &
Diffusion) ESH

characterization

of new doping
materials and

processes

Lowest hazard dopant materials and
processes

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

Interim solutions are known | @

Manufacturable solutions are NOT known [N
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Table 103a  Chemicals, Materials and Equipment Management Technology Requirements—Near-term*
UPDATED (continued)

*The Environment, Safety, and Health new chemical screening tool (Chemical Restrictions Table) is linked online at http://public.itrs.net.

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

Front End Processes

Ongoing research
and integration of

Optimized surface preparation processes

. solutions
WAS | Surface preparation - . .
ESH-friendly wafer clean and | ESH-friendly wafer clean and rinse
rinse processes and tools processes and tools incorporated
evaluated into manufacturing
Ongoing research
ELULRRICh[EUl NIl Optimized surface preparation processes
IS Surface preparation (Stripping, solutions
cleaning, rinsin ESH-friendly wafer clean and | ESH-friendly wafer clean and rinse
rinse processes and tools processes and tools incorporated
evaluated into manufacturing
Novel wafer cleaning .
ADD — s
(supercritical CO2. etc) ESH-friendly wafer clean technology for front and back end
e
WAS | Front-end etch characterization ESH-friendly etch processes [ERirsrmowsrrmmme
of etch processes ellml_nated =
ESH impact)
ESH Etch process
IS Front-end etch characterization ESH-friendly etch processes [BiEV&I{0fS

of etch processes

eliminated

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:
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12 Environment, Safety, and Health

Table 103a  Chemicals, Materials and Equipment Management Technology Requirements—Near-term*

UPDATED (continued)

*The Environment, Safety, and Health new chemical screening tool (Chemical Restrictions Table) is linked online at http://public.itrs.net

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

DRAM % Pitch 100 90 80 70 65 57 50

(nm)

Lithography

New Equipment

Reduced feature
size

Minimal ESH impact from radiation,
ergonomics, chemical consumption, and

Minimal ESH impact from
radiation, ergonomics,
chemical consumption, and
disposal

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

Non-PFOS PAG for EUV resist

Next generation
lithography

Minimal impact from
ionizing radiation,

ergonomics,
energy/chemical
consumption, and disposal

Non-PFOS PAG for EUV resist

Minimal ESH impact for new chemicals, purification
requirements, wastes, and emissions

PFOS alternatives for critical uses** ‘

Minimal ESH impact for new chemicals, purification
requirements, wastes, and emissions

Optical Characterization of ESH impacts
disposal
e-Beam Characterization of ESH impacts
Characterization of ESH impacts
WAS | EUV
Requirements for PPE and/or equipment defined
Characterization of ESH impacts
IS EUV
Requirements for PPE and/or equipment defined
Characterization of
WAS | New materials El |mpa.cts
PFOS alternatives for
non-critical uses*
Characterization of
ESH impacts
IS New materials

PFOS alternatives for

PFOS alternatives for critical uses 2% (i.e., Resists
and ARCs)

. *
non-critical uses =

I Add | Mask cleaning

Cost-effective, ESH friendly technolo

e.g., supercritical CO, |

Notes for Table 103a:

ADD * Everything that is not identified as a critical use.

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

miniaturized devices as a:
—Component of a photoresist (including PAGs and surfactants)
—Component of an anti-reflective coating

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:

Manufacturable solutions exist, and are being optimized
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Table 103b  Chemicals, Materials, and Equipment Management Technology Requirements—Long-term*
UPDATED

*The Environment, Safety, and Health new chemical screening tool (Chemical Restrictions Table) is linked online at http://public.itrs.net

Year of Production 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 Driver
Technology Node hp45 hp32 hp22
DRAM ¥z Pitch (nm) 45 40 35 32 28 25 22 20 18

Interconnect

Low-k materials—spin-on and CVD

Copper processes

Advanced metallization

WAS | Planarization
I IS | Planarization (2004 baseline)
WAS | Plasma processes
IS | Plasma processes
Front end Processes
WAS | High-k materials
I IS | High-x materials
WAS | Doping

Implantation

Surface Preperation

90% raw material (chemicals) utilization

100% copper reclaimed/recycled
Minimum emission/waste processes
5% reduction in consumables per year

5% reduction in consumables per year
Lowest ESH impact etch chemistries

Lowest ESH impact etch and CVD chamber clean
chemistries

Lowest hazard metal compounds

Lowest hazard metal compounds and processes

Safe delivery of lowest hazard doping (zero ESH Impact) Self
cleaning dopant tools (in situ clean)

Lowest hazard metal compounds and processes

ESH -firendly rinse processes and tool
Incorporated into manufacturing

Speed, signal loss
Speed, reliability

Planarity

Planarity

Etch/clean

Etch/clean

Transistor
performance

Transistor
performance and
device
development

ESH-friendly technoloyg for front and back end (e.g.,

super critical COy)

Add | Novel wafer cleaning
WAS | Front end etch
I IS Front end etch

Lithography

Etch process hazards eliminated (zero ESH impact)

Etch process hazards eliminated(zero-ESH-impact)

New Equipment

Optical

e-Beam

EUV

New materials

Manufacturable solutions exist, and are being optimized

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

Minimal ESH impact for ionizing radiation, ergonomics,
chemical consumption, and disposal
Minimal impact from ionizing radiation, ergonomics,
energy/chemical consumption, and disposal
Minimal ESH impact for new chemicals, purification
requirements, wastes, and emissions

Manufacturable solutions are known
Interim solutions are known
Manufacturable solutions are NOT known

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:
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14 Environment, Safety, and Health

Table 104a Climate Change Mitigation Technology Requirements—Near-term UPDATED

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65
DRAM % Pitch (nm) 100 90 80 70 65 57 50
Interconnect
Optimized
chamber
clean
Reduce PFC emissions | PrOCESSes, Optimized chamber clean processes, alternative chemistries, and cost-effective
. alternative .
for CVD equipment Lo abatement for new technologies
chemistries,
and cost-
effective
abatement
Chamber clean gas 2 o
WAS | tilization* 95% 98%
Chamber clean gas 0
IS | tilization* 95% 99%
ADD Etch gas utlllzatlon 959% (90% for CF4)
—— | plus abatement
Front End Processes
Develop
optimized
. etch Optimized etch processes, alternative chemistries, and cost-effective abatement
Reduce PFC emissions processes )
for new technologies
(etch) and cost-
effective
abatement
New alternative etch chemistries identified

ADD_*=[{PFC(in) - PEC(out) } /PFC(in)] x 100% (wt.)

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

Year of Production 2010 2011 2012 2013 2014 2015 2016 | 2017 | 2018
Technology Node hp45 hp32 hp22
DRAM
DRAM % Pitch (nm) 45 40 35 32 28 25 22 20 18
Interconnect

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

WAS | Chamber clean gas utilization* 98%

IS Chamber clean gas utilization* 99%

Add Etch gas UE“ZBIIOH plus 99%

—— |abatement —
Front End Processes
Reduce PFC emissions (etch) Optimized etch_processes, alternative chemlstru_as, and cost-

effective abatement for new technologies

ADD * =[{PFC(in) - PFC(out) } /PFC(in) ] x 100% (wt.)

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

Interim solutions are known

Manufacturable solutions are NOT known

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2004 UPDATE
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Table 105a Resource Conservation Technology Requirements—Near-term UPDATED
Year of Production 2003 2004 | 2005 2006 2007 2008 2009 Driver
DRAM % Pitch (nm) 100 90 80 70 65 57 50
Interconnect
Minimum rinse water,
WAS | Copper processes consumables and chemical Copper processes optimized for ESH
consumption
Minimum rinse water, P Increasing
IS Copper processes (ECD) consumables and chemical CEpaT processesa%[gtlgﬁgd LRSS SR number of
consumption — interlayers
Planarization Reduced water Water recycle/reclaim
consumption
Plasma processing Reduced tool idle energy use
Front End Processes
High-x Energy-efficient deposition processes
- More efficient heat removal Minimum energy use for future doping
WAS | Doping (PCW) from implanters technologies
More efficient heat removal Minimum energy use for future implantation
IS Implantation (PCW) from implanters to reduce heat load and utilize heat
recovery
Energy efficient clean processes (reduced exhaust flow rates)
Surface preparation Incorporation of novel Novel water reduction techniques derived from
rinse methods in wet - .
surfacel/interface science
tools
Front End etch Reduced tool idle energy
Starting materials Quantified energy/water reduction from SOI-based process flows
Lithography
Factory Integration
Net feed water use
WAS (Iiters/cmz)
1 Netfeed-water-use
Delete | . 2
I_ _ _|derslemy |
WAS | Fab UPW use (Iiters/cmz)
TDelete | Fab-UPW-use itersiem’)
Wet bench UPW use
WAS (liters/300 mm-wafer pass) 53 i
e R i N e
Wethenreh-UPW-use
IDeIete {iters/300-mm-wafer pass) 53 42
Assembly and Packaging
Eliminate waste from . .
WAS molding process Zero waste from molding technologies
Eliminate waste from ; . .
IS molding process Zero waste (after recycling) from molding technologies
Reduce water use 0.8X (X = 1999 baseline)
Reduce chemlcal use and 0.8X (X = 1999 baseline)
consumption
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 value is set at (0.83 gal per in? per mask layer).

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

Interim solutions are known

Manufacturable solutions are NOT known

*
L
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Table 105b Resource Conservation Technology Requirements—Long-term UPDATED

Year of Production

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

Driver

Technology Node

hp45 hp32 hp22

DRAM % Pitch (hm)

45 40 35 32 28 25 22 20 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

Energy efficient deposition processes

Minimum doping energy for future technologies

Minimum implanting energy for future technologies
Energy efficient clean processes (optimized exhaust flow rates)

Reduced tool idle energy usage

Quantified energy/water reduction from SOIl-based process flows

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

Reduced feature size

High x
WAS | Doping
I IS | Implantation
Surface preparation
Front end etch
Starting materials
Lithography
Equipment resource consumption:
optical, e-beam, and EUV
Factory Integration
WAS | Net feed water use (Iiters/cmz)
I Delete | Net feod water use giters/omd)
_W_AS_ Fab UPW use (Iiters/cmz)
EDez etE Fab UPW use (litersiem?)
._W_AS_ \(,I\ilfetrgfsn(;:g r;Jr;:\-l\)lv:fseer pass)
I1Delete nggf }

T - -

Assembly and Packaging

Eliminate waste from molding

WAS process
IS Eliminate waste from molding
process
Reduce water use
Reduce chemical use and
consumption
Definitions:

Zero waste from molding technologies

Zero waste (after recycling) from molding technologies

0.5X (X = 1999 baseline)

0.5X (X = 1999 baseline)

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 value is set at (0.83 gal per in? per mask layer).

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

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

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

. . Incorporate ESH design guidelines,
Improved factory design and equipment 220 o "
WAS integration for ESH methodology, and criteria into tool Safe, "green" Fab

and factory design

IS Improved factory design and equipment | Incorporate ESH design guidelines, methodology, and criteria into tool and
integration into ESH factory design

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

Interim solutions are known | @

Manufacturable solutions are NOT known [N
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