ESH Environment, safety and health

ESH
ESH
ESH
ESH R&D
ESH R&D
101 106
73 75
ESH
ESH
ESH
(Difficult Challengesy)
ESH
ESH
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EH (Potential Solutions)
ESH
ESH
102
ESH
ESH
2004
2004 ESH ITWG
ESH
3
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) )PPE persond protective equipment
(throughput: )
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102a ESH —
YerdPraddion A8 pevis A A6 07 A8 0 DRVER
TedhrdagyNock 0 b
Drami/FHich(m) 10 D O 0 & 57 0
CrevicdsMagidsadEipretMaregeet TetrdayReirerats
dCrericdad )
Detaanumuaion DetaMatrix Agreed Nawredridias
upon
data
matrix
Newdaricds 50%o0f dataper 100%0f dataper chemical twoyears [IN:We(es:::3
(inducebyrad i egidy chemica twoyears after marketintroduction
after market
introduction
ReareeCorsneionTetrdayyReirerets
Energy Consumption
TadFebiodsKWhar!)
Tod Febs s
Tod enegy ussoepeweler pess(0NTmMvas 800,
besdine190
Water Consumption
Netfesheer sfiesd)
FebUPWse(itest) 57 46
COVIPUPW use(ites300nm+ 53 2
-Welepes
Charicd GosnpicnardV\egeReLdian Eniranetd senarddipard
ad
Crevidus(iesorirekiae) Reduced S%oper year ‘ Reduced Soperyear
ReydeteesdaTs BExpanded Implementation Innovative recycling technologies ‘
Watereydefe serced) % % |
Climate Change Mitigation Technology Requirements
RetleFFCarism 10%absolutereduction from 1996 baseline by 2010as agreed to by the World \duraryegeat
Semiconductor Council \WSC)

Marueduratesiiasei atiaretsgainizd

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



102a ESH —
Yer dPracldion am; am B %6 X a2, am DRVER
TehrdogyNoce 0 1553
Drami/ZFtch(m) 10 D 9] 0 & 57 D
WorklacePraedion Tedhrdogy Reepiramart
Eqipmetsddy, geesaddraricd ks adenipret Conformanceto Intemational ESHstandards and guidelines suchas SEMIS?' and EuropeanCE. | Warke siyardlieb
ity rirgeneato eke Mark requirements” prdegion
SHeinafaed aioreadmegid hedirgses SEMIS2guidelines and CE Mark directives Waile sy
(AMHSaden fadLirgeripmert
Serdxics SEMIS2guidelines and CE Mark directives Warle sidy
ConpeesveeqmIrecHa Collaboration among govemment,industry, academia, and companies regarding new exposure data
ResrdpdsdioneLiprat(FFE) Reduced dependenceon PPE
Meégid SHay DeaSessMDY Standardized format Comprehensivedaia
Eopiprartrikesesat (hethadstey) Commonagorithm Common gpplication
Ragtiddaricdeqmsre Design out potentia for any chemical exposure and reduce dependenceon PPE
Bgooricinpoerat Minimized physiological stressors ‘ Minimized/giiminated physiological stressors
Designicr ESHORETH)
Eniromeridlcedinpetasesmat(LCA) Common agorithm to identify and access risk GeanFab
Cremicikasesrat (hethadstey) Common agorithm to identify and accessrisk
Meégidbdane Pollutant releaseand PRTRdataacquisition system Nevregidsadredidas
transfer disclosure
PRTR)
Commontest methods, protocol, and gpplication
ReglanyrerLiramats Collection of requirements, guidelines and policy trends Cardiane

Men ot reblesiiorseds andareberpptiizd

! VI RSy Glicdinesfor Savicaroloor Marufaduring Ecuipmart
2 BrguenCEMarkSiey Repirarents
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102  EH —
Yer dPradldian 200 12 13 15 2016 218 Driver
TeshroagyNooe tpb o2 o2
DRAMYAFich () %) k) 2 5 2 8
CravicsMagidsaEniretMaregaret Tehrdoy Reireverts
AsesretdCharicl andBradl tPrapaties
DeaagLmudion
Newdrericisirdudrgomarlmesidy 1(I%0fdatapercirr1](:,rrgcijcuacutyc\)/gyeersaﬁermaket
ReoureeCorsneion Tedrdagy Reeireeris
BragyCGosniian
Tod FebiodsKWhian)
TodFeb ppotsysamsenhin)
Tad enagy usepar e pess(300mmvas 80N TT); besdine1990
Wag Cospian
Netfeechnetr ee(iiesia?)
FebUPW Uit
WethethUPW us(itasa0mmwete pes)
Chemical Consumption and Waste Reduction
Crenicus(iestrirekiae) Reduced Soperyear
Repydetasesgams Innovative recycling technologies
Wetpraydete serae® 80% 0%
QirreeChargeMiiigeion Tethrdogy ReeiraTens
. wkmsoluterei]u%?tféotzynmli%m&asdmebyMas \turtayagenat
Mearueduralesduiorseds andarebargaatinrizeed
Marueduratesiuiosarekoan
Ingimsiuiosaekomn |4
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102 EH —

Yer dPradlion 20 2 13 215 06 218 Driver

TeddagyNock b e ha2

DRAMYAFith(m) 5 &3] 2 > 2 18

WorklacePraedion Tedhrdogy Reepiramart

Equipretsday, geesaddaricleds Conformancetointemational ESHstandards and guidelines such as

adeipratddilitydrirganeatgde SEMiand CE Mark requirements

SerttedfatmaiTeaid iy ysETHAMHS e i SEMIgideiines and CE directives

epTet
SHedxdics SEMIguidelines and CE directives

. Collaboration among govermment,industry, academia,and
CoTpeesesqReta companies regarding new exposuredata

Resrdpasdioneuipmat(FFE) Himinated need for PPE
Méakgid Sfay DetaSessMIDY Comprehensivedaa
Enipmatikasesrat(redhadsiay) Common gpplication for new equipment
Rotidcharicd Eliminated potential for any chemical exposureand eliminated need

for PPE

Bgooricinpoerat Bliminated physiological stresses for new equipment

Desgnior ESHOFESH)

Eniromaridlcedinpedasesmat(LCA) Lowest environmental loadimpact materials in production
Crenid ikassrat(rehadsay) Lowest chemical risk (health and safety) materials in production
Metgid Blae Nemregidsretidias
ReglanyreLiraments Collection of requirements, guidelines, policy trends, and others

ManuadLraesduiosads adaretargapinizd
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103a

*LirkiotreEnvironmert, SHely, andHeglthrewdreic sreingicd (Cheicd ResridicrsTade.

Yer dPradLdion 28 v p803) % 07 28 0] Driver
TedrdogyNoce 0 hob
DRAMYAHith(m) 1m0 D O 0 & 57 [54)
Ingraomet
Lonvkegids—gananadCvD Lowest ESHimpact Minimum emissionivaste . . o
oD 1SOrS D T3oraw materia (chemical) utilization
oo proceses 50%copper reclaimedfecycled 100%copper reclamediecycled [iS1::31(: = o/1%
Advacsimedizsion Lowest ESHimpact precursors Minimum emissionivaste processes
Heraizdion Sereductionin consumables peryear S%ereduction in consumables peryear
Resreproceses Altemativeetch chemistries Lowest ESHimpactetch chemistries Etch/clean
Characterization of plasma Lowest ESHimpactetch chemistries
by-products
FatedProess
Hgaeiaids AT £ LowestESHimpact highcmeatericls ESHbenign processes
processes e
Lwameposuon,etdw, ESHbenign processes Traradr
ESHcharacterization of — = | [Hh'mmaad
deposition, etch, and cleans th«matalaswmm Bicechdqirat
processes potentially
toxichi mulaivemetsis Lowest hazard metal compounds
(Po,N)
Daqirg Reduced usageofhigh
pressuredopant delivery Safe delivery of dopants (zero ESHimpact)
systems
ESH characterization of new
doping materialsand Lowest hazard dopant materials and processes
processes
Sufaepgadan Ongoing researchand . .
integration ofsolutions Optimized surface preparation processes
ESHriendly wafer clean and rinse processes ESHriendly wafer clean and rinse processes and tools
andtools evaluated incorporated into manufacturing
Fotedeth ESHcharacterization of etch Etch process hazards eiminated
jprocesses (zeroESHimpact)
MaruadLraesiuiorsads ardaretargapinizd
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*LirkioheErvranmeart, Sefey, andHestthrenahenicd sresringiod (Crervical Resticions Tade),

Yer dfRrodLdion 8 am p803) %6 o7 28 pe0e] Driver
TedrdogyNock 0 §939)
DRAMYZHith(m) 10 D O 0 & 57 D
Litogaty
NewvEgLipet Readuced
feature size
Odicd - . Minimal ESHimpact from rediation, ergonomics, chemical Next
Characterization of ESHimpacts . )
consumption, and dls[x’sd ggngfatjgn
eBam - . ) Minimal ESHimpactfrom radiation, ergonomics, [IRALZE 204
TE (2 T gEes chemical consumption,and disposal
BNV Minimalimpact fromionizing radiation,
Characterization of ESHimpacts ergonomics, energylchemical consumption,
anddisposa
Non-PFOSPAGTor EUVresist
Requirements for PPEandlor equipment defined
Newnegids Characterization of ESH Minimal ESHimpact for new chemicals, purification requirements, wastes,and
impacts emissions
PFOSaltematives for 2 ” "
non-riical Uses* PFOSaltermnatives for critical uses
MaruiadLraesiuiiorsads ardaretargaainizd
Merueduretesiuiasarekroan
Ingimsiuiosaekoan |9
MenxratestuiosaeNOTkonn ([N
Noesior Tele10Bx

**(rical usesof PFOSIndudesussinahdoardithogygphyprocessiopracl cesamiaonoLdorsar siilear coporarniscfdedrarioar dher mirniaurizdcbicesssa
-Conporetdaphooress (rdudrgPAGsads redarty

-Copoatdanaridediveacetirg
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103

*LirkiotreErvironmert, SHely, andHeglthrewdreic sresingiod (Cheicd ResridicrsTade.

YardPraldion 2010 12 213 A5 2016 2018
TedhrdayNoce b = a2
DRAMYAHh() 5 > 2 5 2 8
Inraomet

Low-k materials—spin-on and CVD

Copper processes

Advanced metallization

Planarization

Plasma processes

FatedProess

High-« materials

90%raw materia (chemicals) utilization
100%copper reclamedfecycled

Minimum emissionAvaste processes

SYereduction in consumables peryear

Lowest ESHimpact etch chemistries

Lowest hazard metal compounds

Safedelivery of lowest hazard dopants
Doping (zero ESHimpact)
Seif-cleaning dopanttools (in situ clean)
Surface preparation ESHHriendly rinse processes anq tools incorporated into
manufacturing
Etch process hazards eliminated
Front end etch (zero ESHimpact)
Litogaty
NavEcpiprat
Ovtical Minimal ESHimpact for ionizing redliation, ergonomics, chemical
P consumption,and disposal
Minimal ESHimpact for ionizing radiiation, ergonomics, chemical
e-Beam . :
consumption,and disposal
EUV Minimalimpact from ionizing radiation, ergonomics, energyichemical

New materials

consumption,and disposal

Minimal ESHimpact for new chemicals, purification requirements,
wastes,and emissions
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104a —
YerdPrecLin B 04 26 206 0 B 20
TedrdogyNoce 0 hptb
DRAVIFth(m) 10 @ o o & 5 D
Inrcomet
ReleFFCaTisiosar | Optimized chamber
CvDeyiprat Clean processes,
@ m - Optimized chamber cleen processes, atemative chemisties, and costeflective abatementfor newtechnologies
costeffective
abatement
Crarbadengaiziat % %
FatBEdProess
ReloeFFCamisiasiet) | Develop optimized
by Opimized etch processes, atemative chermisties, and costefiecive abatementfor newtechnologies
abatement
*Ullizion= (FFONPRCAyPRGI+A0
104 —
YerdPrecLion 20 2 213 25 26 28
TetrdogyNoce b 2 2
DRAVIAFIth(m) 5 S 2 5 » B
Inercomet
ReloeFFCamisiasfr CVDenpipmat Optimized chamber clean processes, atemnative chemistries, and cost-effective abatement for new technologies
Crambadengiiziat B
FatEdProess
ReLceFFCaisions(ed) Optimized etch processes, dtemative chemistries, and cost-effective abatement for new technologies
*Ullizgione (FFONPRCAyPRGI+A0
MerLExt retlesiorseig ariarebdrgaptinized
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105a —
Yer dPrad.dion A3 oy A6 A6 07 A8 A0 Driver
DRAMYAHiith(m) 10 D t24) 0 53] 57 D
Inercomedt
Capeposss Minimumrinsewater,
consumables and chemical Copper processes optimized for ESH
consumption Inressig
b d
Raraizzion Reducedwater . .
corsumpion Weater recyclefeciam inglaas
Hesreprocesing Reduced toolidleenergy use
FratBdProseses
High Energy-efficient deposition processes
Dairg Moreefficient hestremoval (PCW) energy usefor future doping technologies
fromimplanters
Sufagadan Energy efficient clean processes (reduced exhaust flow rates)
Incorporation of
novelinse Novelwater reduction technigues derived from surfaceinterface science
methodsinwet
tools
Faotedech Reduced toolidleenergy
Satrgegids Quantified energyhvater reduction from SObased process flows
Litograpy
B e eI R T opice, Optimized energy consumption, equipment related chemicals/ gasesimaterials, and water consumption me
ebemadBNV e
Fedoyiregain
NetfeshwetrL(iiestn) 35
FebUPW (it 57 46
WethathUPWse(lites30nm 53 ©
weapes
AsatlyardPadegig
Himirsawessfromnadrgpoes Zerowastefrom molding technologies
Relrewaaruse 08X (X=199basdline)
Relcedraricd ieardareniian 08X (X=199baseline)
Marueduraesduiarseds andarebengaatinizd
Maruaduraesduiiasarekoan
Ingimsiuiceaekoan (4
MencretiesiuiorsaeNOTkonn ([N
Ddiritias

Nefeivetr Le—Surevas arsreding oot dtheguerdion dthewelar fetricaionfediity indudng saritery, imigeiion andfedlitiesirfragtrudre Netfestweter meybeddtained framadty s jdy; s rfecear
gauowete body.
UPWMe—\W\&e usinweier aortedrocessssindudingveta reovarediramernysauree

Tod mmmmmmmwmmmmmmm@lminzm mekaya).
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105 —
Yer dPraddion 200 12 13 205 16 218 Driver
TerdogyNode fpb ho2 o2
DRAMYARith(T) 5 3 £ 5 2 18
Ineraomedt
Cooarproceses Copper processes optimized for ESH Inessrgrunte of
Raaizicn Water recyclefeclaim naiaas
Hesrgprocesirg Reduced toolidieenergy usage
FratBdProseses
|—ig’[|< ergy ecient aeposiion Processes
Dadrg doping energy for futuretechnologies
Sufaepgagion Energy efficient clean processes (optimized exhavist flow rates)
Fatedech Reduced toolidieenergy usage
Satirgegids Quantified energyivater reduction from SOHoased process flows
Litoyaty
Eopipmartresuceaors niat opice, ebesmand Optimized energy consumption, equipment related chemicals/gasesimaterials, andwater | Reclofesturesze
BV consumption
Fedaylriegyaion
Netfesheir s iesm?)
FebUPW (it
WetbachUPW Lese(itasBiDnmveierpess)
AsentlyardPadegig
Himreeweseiomnddrgpoes Zerowastefrom molding technologies
Rerlewaig e 05X (X=1999baseline)
Rerlcedeicd usadars mpion 05X (X=199baseline)
106 EH —
Yer dRalldion P.00¢] o0 .00 009 07 8B 20
TeshroogyNooe hp0 hotb
DRAMYAFith(m) 1m @D D Yol & 57 9]
Fedaylrigyaion
Ipovedifaday desgnardenipmertinisgaionfar ESH Incorporate ESHdesign
guidelines, methodology,
and criteriainto tooland
fectory design
Merueduralesiuiorseds andarebargaainrizel
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ESH
ESH ESH
ESH
CMP(chemical mechanica polishing:
) /
ESH
ESH
103a 1
CVD(chemica vapor deposition:
)
CvD
CMP
103b
1 PFC perfluorocompounds
104 PFC 1995 10%
PFC

ESH
CvD
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CMP
105a
ESH CMP CMP
CMP
CMP CMP
1 CMP
RF(radio frequency)
10 70
CvD
POU point-of-use /
102a
ESH
100 nm
ESH
ESH
300 450mm
ESH CoO cogt-of-ownership
ESH
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— ESH
2005
BEOL
HF/HCI
/
— Czochrdski CZ
Epi 130nm SOI
silicon-on-insul ator
ESH 300

450mm

Co Ni

N2 FNO2 O2 NH3 H2

Ta Ti Nb Al
Mo Zr V CoW Ru Rh Ni Re Ir Pt
CvD
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SH4 B2H6 PH3 SpbH3

AsH3
— PFC
PFC
PFC
ESH
S
cl
ESH 4
EUV X
1
TSCA
HAPs VOCs
PAG Photo Acid Generator
ESH
TSCA
— HAPs
VOCs COO

PFC
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point-of-use
2 S
COO
COO
— HAPs  VOCs
ESH
ESH
ESH ESH
ESH ESH

3 VI 2BA—Sey Glickinesfor Savicordoor ManfaduLring et
M 8—SHdyGlicdinesfor BEgoaricsHurenFadarsEgnesingof SavicodLdor Equipent
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ESH

ESH

CBT computer-based training

ESH
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2006 7 1
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First Year of IC Praduction 1999 2002 2005 2008 2011 2014

ESH

Reduce eguipment heat discharge

RRTT

Recycle eqguipment exhaust

Reduce process area size by
equipment integration

Develop water cooled equipment vs.
air cooled

INTERCONNECT

Lowest ESH impact etch processes
that do not emit FFCs

Frocess optimization for etch and
chember clean fo reduce PFC
BMissions

Low CoQ PFC abatement and
recycla

Lowest ESH impact alternative clean
processes that do not emit PFCs

Predictive plasma emissions models

Measurefoptimize systems enargy
use

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

Reduce RF plasma energy
consumption

Alternate low energy plasma
systems

_ Research Required ] Develaprment Underaay I:I QualificationiPre-Froduction

aid indicates the time duning which research , devel

Thia leg

1, and gualilicationiprae-pi o sould be Laking # for e solution.
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2004 2007 2010 2013 2016 2019
2003 2005 2006 2008 2009 2011 2012 2014 2015 2017 2018

Technology Node hp90 hp65 hp45 hp32 hp22 hp16

FRONT END PROCESSING

Rapid ESH assessment of new materials _ |
for high-x dielectrics and gate electrodes

Identification of ESH issues with
precursors for CVD, ALD, and other
deposition methods

Design of wet decks with improved fire
safety and protection

Implementation of wet deck fire protection
systems

ESH benign wafer cleaning technologies

LITHOGRAPHY

Rapid ESH assessment of new materials
for advanced optical and EUV lithography

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

Ergonomics solutions

Sustainable chemistries, processes, and
equipment design

Identification of ESH issues associated
with proprietary chemical ingredients

Lower chemical consuming and less
waste producing techniques for resist
application, EBR, and rinses

More sensitive monitors for chemical odor
control in fab

ASSEMBLY AND PACKAGING

Rapid ESH assessment of new materials
(e.g., lead solder replacements)

Elimination of hazardous flame retardants

Lead-free bump technology

FACILITIES

Lowered fire risk for wafer carriers,
stockers and carousels

Research Require Development Underway ualification/Pre-Production A Continuous Improvement
| h Required [T I d [ Qualification/ ducti 777722 Conti

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

ESH
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2016
2014 2015

2019
2017 2018 |

2004
2003

2007
2005 2006

2010
2008 2009 |

2013
2011 2012

Technology Node

hp9o hp65 hp45 hp32 hp22 hp16

INTERCONNECT

Etch and chamber clean processes
that do not emit PFCs

Process optimization of etch and
chamber clean processes to reduce
PFC missions (e.g., greater utilization
of the chemicals used)

Low CoO abatement and recycle

Predictive plasma emissions models

FRONT END PROCESSES

Etch processes that do not emit PFCs

Lowest CoO PFC abatement and recycle

I Rescarch Required

[ Development Underway

[ Qualification/Pre-Production V77ZZZZZ Continuous Improvement

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.
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2004 2007 2010 2013 2016 2019
2003 2005 2006 2008 2009 2011 2012 2014 2015 2017 2018
Technology Node hp9o hp65 hp45 hp32 hp22 hp16
EQUIPMENT
Reduced equipment heat discharge to
clean room
Reduced and/or recycled equipment
exhaust
Reduced process area size/tool footprints _

through equipment integration

Development of water-versus air-cooled
equipment

INTERCONNECT

Minimized rinse water flows from copper
plating processes

Reduced water consumption in CMP and
post-CMP cleans processes

Water recycle for CMP and post CMP
Slurry recycling for CMP
Treatment method for Cu CMP wastes

Modeling to optimize CMP rinse water
use

Reuse of post-CMP rinse water

Measurement/optimization of systems
energy use

Reduced energy consumption of plasma
and sputtering systems

Alternative low-energy plasma systems

New energy-efficient thermal processes

New water and chemical heating
technologies

Low-temperature wafer cleaning

FRONT END PROCESSING

High-efficiency chemical rinse/etch
processes

Reduced UPW consumption through spin
cleaning

High-efficiency chemical baths

POU UPW recycling system
High-efficiency rinses
New energy-efficient thermal processes

New water and chemical heating
technologies

Low-temperature wafer cleaning

I Rescarch Required [N Development Underway [ ] Qualification/Pre-Production V772ZZZZ3 Continuous Improvement

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

75
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2004 2007 2010 2013 2016 2019
2003 2005 2006 2008 2009 2011 2012 2014 2015 2017 2018

Technology Node hp9o hp65 hp4s hp32 hp22 hp16

LITHOGRAPHY

Efficient resist coat and develop
processes

Design of novel patterning equipment and
processes for efficient materials use
(e.g., ink jet, dispense, imprint)

Recycle, reuse and reclaim of waste
streams (from resist, EBR, coater bowl
rinses, and developer)

Alternative chemicals/materials to :l
minimize environmental impact

Design of equipment for minimum energy
use (e.g., EUV source)

Energy-efficient designs for
environmental control

FACTORY INTEGRATION

Development of water reclaim, reuse, :l
and recycle

Optimization of facilities equipment for
reduced energy consumption

Development of ultra-efficient factory
design template (“green” fab model)

Recycle of equipment exhaust (utilizing
equipment exhaust as a resource)

Reduction of tool heat exhaust (by using
cooling water to remove heat)

Implementation of high-efficiency
co-generation systems

Decreased air conditioning load through
implementation of mini-environments,
mini-pod systems, and clean dry air
tunnels

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

i

ASSEMBLY AND PACKAGING

Use of thermoplastics
Reduced plating bath chemical usage

Optimized plating water use and recycle
technology

Improved transfer molding process

Low/no curing plastic

I Rescarch Required  [IIIN] Development Underway [ ] Qualification/Pre-Production V77777 Continuous Improvement

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

75
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ESH

ESH
TOSCA

ESH

C)
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111

1211 1301 2402

(HCFCs)
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