ESH Environment, safety and health

ESH
ESH
ESH
Figure98-100
ESH
ESH

ESH

Table103-107

ESH

ESH

ESH

ESH R&D
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( Difficult Challenges)
ESH ITRS 3
ESH
ESH ESH
“ ”  ESH
4 ESH
ESH
ESH
http://public.itrs.net
Design for Environment, Safety and Health
(DFESH)
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Table 103a ESH —
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Table 103b ESH —

32nm
ESH
ESH
PPE
ESH
ESH
ESH
ESH (Potential Solutions)
ESH
ESH-

ESH

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005




ESH
Tablel04 4 ESH ESH

ESH

(ITRS http.//public.itrs.net)

ESH
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CMP CMP
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HEPA
10
(UPW) UPW
UPW (
UPW ) UPW
/
PFCs
DFESH ESH
ESH
ESH
DFESH ESH
DFESH
ESH
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Table Ia  ESH Intrinsic Requirements—Near-term Years

Yawof Produdion 2006 2006 2007 208 200 2010 011 2012 2013 Diver

DRAMY> Pich (i) contacter)) & 70 o 57 50 45 40 36 2
MPUASICMetl 1 (M1) 2 Pich (rmfeontacted) P 8 [ 59 2 4 40 36 32

Chamicalsand Meterials Maragement Tedology Requiranents
CPIFs*conpleiedtorpercentofnewdhemical candickies 100%

T e Ty e 1% \ 1% \

Pocessard Equpment Tedology Requirements

EnagyyCongunplion

Tofbioos(Whtn 3] 03-04

TodeeQyuEEEVaRTES
@m0 he 10 1 a8 05

WaterConsumption

WethechUPWiee (iesB0mmueiares) | )

Chanical Consumpiionand Waste Recuction

Ery;t;ﬂmthp%ﬁiﬂ%(hs[hﬂd B

Workerand Workplace Protecton

Conformenceofnewiooksplest Inemetional ESHsanckics
adguicdinesschas SEMIS2[1]and Eurgpeen CEmark 100%
IepiETE s

Corformenceof AVHSoolinerfeceDBES SEMIS? e
GuictireaCEmakdiedhve 0

Fualiies Enagyand Weder Oplimzziion Tedvology Regiemans

EnagyConsunption

ToetEba protysems AT | 05-06

WaterConsunplion

Netfeacwatertse st 3] 810

FebUPW e (it 3] 46

Chamical Consumpiionand Waste Recuction

Hezadouslicuidweserecydefese %

SolidviesierecydefeLse (:52%

. 10%/0absoleredudtionfrom 1996 bessinelby 2010asagresciioby theVWord Semiconductor Coundl
ReduePFCemisson WSO

e e | e | 100%

The status of some of the entries for 2005 is shown as "YELLOW", because the ESH TWG felt that there was still some work to bedone. - However, since the status
was closerto the "WHITE" than the "RED, the TWG elected notto use the "INTERIM SOLUTIONS" color codle for these line tems.

Notesfor Table 2a:

[1]  SEMI S2-934—Safety Guidelines for Semiconductor Manufacturing Equipment

2] Ewrgpean CE MarkSafety Requirements

[3] ar perwaferout

Net feed water uss—Source water consumed insupport of the aperation of the wafer faborication fadility, including sanitary, inrigation, and facilities
infrastructure. Net feed water may be dotained froma city supply, surface or ground water bodly.

UPW use—Watter used inwafér contactprocesses, including water recovered from any source.

* CPIF = Chemical Properties Information Form
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Table IMb  ESH Intrinsic Requirements—Long-term Years

Yawof Produdion 2014 2015 216 017 2018 2019 2020 Diver

DRAMY:Pich(im) eontacted) 2 2 2 2 18 16 7

MPUASICMetl 1 (M1) 2 Pich(neontacted) 2 2 2 2 18 16 4

Chamicalsand Materials Manogement Tedwology Requiranents

CPIFs* completed for percent of new chemical
candidates

Parantofchemicalriskassessmanis (esthand safety) compleed 10020

PocessardEquipment Technology Requirements

EnagyConsunption

Totalfebioos(Whn) 3]

Toolenarmy usaoeperveferpess
(300mmverss200m); beseline 1999

Water Consunplion

WethenchUPW e lies300mmwvelerpess)

Inprovementinprocesscheical utilization (iesicuidjorgas
[opsforrfiveskiaye)

Workarand Workplace Potection

O e} 2 2 2 —
SthaESEMIS [TJadELrpen CEmakre ieers2]

Conformenceof AMHStodl inerfece Dt SEMI 2 Guickinead CE
markdiedive:

Faciies Energyand Water Optimization Technology Requirements

EnagyyConsunplion

Tofbappotsyses AL 3]

Water Consunplion

Netfescwatertee st 3]

FebUPWee(liest) 3]

HezadowsliuidweserecydeteLse

Solidvieserecydefese

ReducePFCemisson Mainian10%6atsolutereductionfrom1996bessine

Sty adPodaSoad iR

ProcesservoTTEral cedlimpectases TEnS o O/ ofrewreisih | 100%

The status of some of the entries for 2005 is shown as "YELLOW', because the ESH TWG félt that theve was still some work to be done. - However, since the status
was dlosertothe "WHITE" than the "RED, the TWG electednotto usethe "INTERIM SOLUTIONS" color codefor these line tems.

Notesfor Tuble 2b:

[1]  SEMI S2-934—Safety Guiidelines for Semiconductor Manufactring Equipment

12 Evropean CE MarkSajety Requirements

3] ot perwaferout

* CPIF = Chemical Properties Information Form

Vioaetnisitsoszaasiigaind
Monytctrablesobdonsarekonn
Ieinsobdonsaekonn | €
MangardesidrsaeNoTron ([
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Table 105a  Chemicals and Materials Management Technology Requirements—Necar-term Years™
*The Environment, Sufety, and Health new chemical screening tool (Chemical Restrictions Tuble) s linked online at hp:jpublicitrs et

YawofProdudion 2005 2006 2007 2008 200 2000 2011 2012 2013 Dnver
DRAMY; Pich(rm) (contacier)) & 70 & 57 30 45 0 36 32
MPUASICMe 1 (M1) V> Pich(meontacter)) P 78 68 59 52 45 4 36 32
Iacormect
Low Inugid—spinonadCVD ini i T5%oravmeterial (hemical) utilization 90%6rawnmeterial (cdhemicas)utization
Coperprocesses (ECD) i 85%/6aopper redaimedirecyded 100%6apper redaimedirecyded
atALD) Minimumemissoriese processs
Perarizion(med OVP) ioni 5%6recudioninconsumetlesperyear
FotedPocesses
Hghr etk
Hghr  meiis
Hihcrreriss
Doping plerigionandifi i)
U @i S
Novelweferdeening (@parariical CO, )
Fotendeth
Liftogaply
NewFgipmant

onsumpionanddigoosl consurmption,anddigoosal
ISBrmimmesinify impectiresonf dackibesikandress
BV Charaderizationof ESHimpedts Minimel ESHimpectfromionizing rediation, ergonomics energy consuplionandlsoureeges
PROSPFAS™ Nontaritical useselimineted
Meskdeaning Costefiective ESHfriendlytechnology eg, upertriical CO,)

The status of some of the entries for 2005 is shown as "YELLOW", because the ESH TWG felt that there was still some work to bedone. - However, since the status
was closertothe "WHITE" thanthe "RED, the TWG electednot to use the "INTERIM SOLUTIONS" color code for these line ttems.

Vioneardiostdinsorgadaeligaiiad
Manfoctrablesobdionsarelrionn
Inerimsobdorsaekionn | &
MangandlestiorsaeNoThown ||

Notes for Table 3a:
* 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)
—  Componentofan anti-reflective coating
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Table 1056 Chemicals and Materials Management Technology Requirements—Long-term Years™

*TheFimionment,Syes; and Healihnewchemicalscreeningtool Chemical Restictons Table) slinkedonlineattp:ublicivsnet

YarofPodudion 2014 2015 2016 017 2018 2019 200 Dner
'DRAMY; Pich i) (contacted) 2 25 2 2 18 16 H“
MPUASICMetal 1 (M1) > Pichfmyeoniocter) 28 25 2 0 18 16 “
Iercomeact

Low! maerias—spinonandCVD 90%6rawmeterial (chemicak) utiization

Coparprocesses (ECD) 100%baopper reckimedirecyded

Advensdmealizaioninduding Quibarmierandsssd (PVDand ALD) MinimumenmissioninestepIoceses

Perarization(med CVP) 5%6redudioninconsumeblesperyear

Fronted Pocesses

Hohv e Lonest ESHimpectmetal compoundsand proceses

Hgh  eeEs ESHbenignprocesss

Hohmeerias Lonesthezardcompoundsandprocesses

Doping impanationandciffision) Lonesthezarddopenteteriakandprocesss
SR
Novelwefer deening (@Lpperariical CO, ) Novelwaferdeaningtechnologiesimplemented

Fotedech ESHHriendlyetchprocessssimplemented
Litoguphy

NewFigijment

digoosal

B IR A S N

BWV EnergyeficentEUV lithography andioratherlowESHimpectinnovative petterming technology
PFOSPFAS™ NorHPRASmeteriaksdevelopedtfor aritical Lsssinphoilithography

Meskdeaning

The status of some of the entries for 2005 is shown as "YELLOW', because the ESH TWG félt that theve was still some work to be done.  However, since the status
was dosertothe "WHITE" than the "RED, the TWG electednotto usethe "INTERIM SOLUTIONS" color codefor these line tems.

* The Environment, Sajéty, and Health new chemical screening tool (Chemical Restrictions Table) is linked online at htip./jpublic.itrs.net

M fctadiesshionsedtadachapeiniad
Monyctrablesobdonsareknonn
Ierinsobdonsaekonn  |[®

MangardesidrsaeNoTron ([N

Notes for Table 3b:
** Crtical uses of PFOS includes use in a photo-microlithography process to produce semiconductors or similar components of electronic or other miniaturized
devicesasa:

—  Componentof aphotoresist (including PAGS and surfactants)

—  Componentof ananti-reflective coating
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Table 106a  Resowrce Conservation Technology Requirements—Near-term Years

YargfProduion 2005 2006 207 2008 209 2010 01 02 203 Drier
DRAMY: Pich(im) @ontacted) & 7t 65 57 ] % 0 3% 2
MPUASICMetal 1 (M1) ¥ Pichmjconiactr) D 78 &8 59 2 5 0 36 2
Ioassin
gumber
ineyer
s
Copperprocesss (ECD) Copperprocesesopimizdtominmizevesetoweterandiend
Pesmeprocesig Rectoadioolideenery e
FrontEnd Processes
Hgh Energyefficentdepositionpprocesss Erergyeffidentdpositionprocessss
Impleriztion Energyuseandheatremoval optimized pntingenergy forfuturetechnologies
S Nowiwarcesrstredons recehereaTe Walerdezrswihmorediied Eeiresandonenvier
consuITption
. Rawad
Lifogrephy fatweste
AssanblyadPadaging
Recueevvaierue 08X (X=199hesdline) 05X (X=19%besine)
Recucechemicaluseandcoreption 08X (X=199besdline) 05X (X=19%besine)

The status of some of the entries for 2005 is shown as "YELLOW", because the ESH TWG félt that there was still some work to bedone.  However, since the status
was closertothe "WHITE" than the "RED, the TWG elected notto usethe "INTERIM SOLUTIONS" color codefor these line ttems.

Monyactrablesobdionsarelonn
Ieimsobdorsarelronn

<

MangandlestiorsaeNoThown ||
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Table 106b  Resowrce Conservation Technology Requirements— ong-term Years

Yawrof Podction 204 2005 216 017 018 2019 2020 Driver
DRAMY; Pich (i) (contacter) 28 25 2 2 18 16 “
MPUASICMedl1 (M1) s Pich(fmjeontacted) 2 2 2 2 18 16 “
Ioasing
Ineromedt mmbarf
inertyas
Copperprocesss (ECD) Copperprocesssoptimizediominimizevestetoveterandiend
Plamaprocesig Reclcedioolicesnergyuse
FrontErdProcesses
High Energyefficentagpositionprocessss
Inmm DA ga :l)l LITBOTO0JES
. . Energyefficentdean processes (optimizededaLstfiov rates)
FortEndeth Reduceditoolickenermy
AssenblyardPackaging
Eimireewesefiommoldingproces Zeroweste(@fter recyding) frommoldingtechnologies ‘
Reclrevarie 05X(X=1990teeelie) \

RedLcedremicaluseandaoraumpion 05X (X=199besire)

The status of some of the entries for 2005 is shown as "YELLOW", because the ESH TWG felt that there was still some work to bedone. - However, since the status
was closertothe "WHITE" than the "RED, the TWG electednot to use the "INTERIM SOLUTIONS" color code for these line ttems.

Definitions:
Net feed water use—Source water consumed in support of the operation of the watfer fabrication facility, including sanitary, irrgation, and facilities
infrastructure. Net feed water may be dotained froma.city supply, surface or ground water bodly.

Virfismbiebsodtariaclsigegtnial
Meanycsrablesobdionsareknonn
Ierimsobdonsaekonn  |[®
MangardesidrsaeNoTron [N
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Table 107a  Sustainability and Product Stewardship Technology Requirements—Near-term Years

YargPodcin 205 6 o7 8 E77g 2000 E7 012 03
DRAMY: Pich(fmy)eontacia) @ ) & 5 50 # 0 3 E
MPUASICMetal1M1)sPichm)ontaces) P 78 3 7 2 & 0 % P
Factryhtegaton
Y T — |mm%mgmwmmmmmm
Table 1076 Sustainability and Product Stewardship Technology Requirements— ong-term Years
YargPodtin 014 0I5 206 017 28 2019 220
DRAM: Pichfu)eontacta) 3 2 2 7 8 16 u
MPUASICMetad 1 M) s Pichfmjontaces) 3 B 2 0 8 16 H
Fadory ltegration
Inprovedreyin o ESHND oy andecy ipmentosin | InorporateESHeksionguicines methocblogy,andarieriainotoolandfectorydson

The status of some of the entries for 2005 is shown as "YELLOW', because the ESH TWG felt that there was still some work to bedone. - However, since the sttus
wascloserto the "WHITE" than the "RED", the TWG elected ot to use the "INTERIM SOLUTIONS" color code for these line items.

Mnfctniesiérsoiyardaebargapinia
Monyactrablesotdionsarelronn
einsobdonsaekionn  |[€

MangardesidorsaeNoThon ([

ESH
ESH ESH
ESH
CMP(chemical mechanical polishing: )

ESH

Table105 1

)/ ALD atomic layer deposition

CVD(chemical vapor deposition:
CMP

CVD/ALD
CMP

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005

ESH

CMP



15

(via veil)

PFC perfluorocompounds

PFC
2010 1995 10%
PFC
ESH
CvD
CMP
ESH CMP
CMP CMP
CMP CMP
1
CMP
RF(radio frequency)
10 70
CvD
POU point-of-use /
ESH
100 nm
ESH
ESH
300 450mm
ESH CoO cost-of-ownership
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ESH
— ESH
2005
/ BEOL
HF/HCI
/
— Czochralski CZ
Epi SOI silicon-on-insulator
ESH 300 450mm
/ _
Co Ni
/
N2 FNO2 02 NH3 H2/N2
Ta Ti Nb Al Mo Zr
V CoW Ru Rh Ni Re Ir Pt CvD

SiH4 B2H6 PH3 SbhH3
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AsH3
— PFC
PFC
ESH
Si
Cl
ESH 3
2
EUV X
TSCA
HAPs VOCs
Anti-reflective coating PAG Photo Acid Generator
PFOS
2
ESH
TSCA
VOCs CoO
PFC
point-of-use
S2 S8

17

PFC
1
3
ESH
HAPs
HAPs  VOCs
CoO
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CoO
ESH
ESH
ESH ESH ESH
ESH ESH
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ESH

ESH

CBT computer-based training

ESH

ESH

2006 7 1
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2007 2010 2013 2016 2019

2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm

ESH
Risk assessment methodology
development

Risk assessment methodology
implementation and use

INTERCONNECT

Rapid ESH assessment of
new materials

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

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

Identification of ESH issues
associated with proprietary
chemical ingredients

Alternative chemicals/
materials to minimize
environmental impact

ASSEMBLY AND PACKAGING

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

Elimination of hazardous flame
retardants

Lead-free bump technology

Il Research Required [ Development Underway [ ] Qualification/Pre-Production SN Continuous Improvement

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

Figure98  Potential Solutions for ESH: Chemiicals and Materials Management
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2007 2010 2013 2016 2019

2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm

INTERCONNECT
Lowest ESH impact solvents
for spin-on low-« dielectric
materials

ESH issues with CVD
precursors for low-x and
advanced metallization
identified and emissions
characterized

|

|

Improved chemical utilization
CVDI/ALD processes

Use of low-ESH impact CVD/ : : : : : :
ALD chemistries

CMP slurry and chemical use
reduction through process
optimization, recycle, and/or
re-use

Alternatives to slurry-based
CMP (e.g., slurry-less CMP)

Lowest ESH impact post-CMP
cleans chemistries

ESH issues of new etch
chemistries identified and
emissions characterized

ESH issues with optical
interconnect materials
identified and emissions
characterized

Lowest ESH impact optical
interconnect processes
developed

Etch and chamber clean

processes that do not emit LAY

PFCs

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

Predictive plasma emissions
models

Minimized rinse water flows
from copper plating processes

Reduced water consumption in

CMP and post-CMP cleans MIOaaaES

processes

Continued

Il Research Required [ Development Underway [ | Qualification/Pre-Production S Continuous Improvement

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

Figwre99  Potential Solutions for ESH: Process and Equipment Management
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2005

2006

2007

| 2008 2009

2010 2013
| 2011 2012 |

2014 2015 |

2016 2019

2017 2018 | 2020 2021

DRAM 1/2 Pitch

65nm

45nm 32nm

22nm 16nm

INTERCONNECT

Water recycle for CMP and
post CMP

Slurry recycling for CMP

Reuse of post-CMP rinse
water

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

Design of wet decks with
improved fire safety and
protection

Implementation of wet deck
fire protection systems

ESH benign wafer cleaning
technologies

Etch processes that do not
emit PFCs

Lowest CoO PFC abatement
and recycle

High-efficiency chemical rinse/
etch processes

High-efficiency chemical baths
High-efficiency rinses

New energy-efficient thermal
processes

New water and chemical
heating technologies

Low-temperature wafer
cleaning

Continued

Il Research Required

I Development Underway [__] Qualification/Pre-Production

Y continuous Improvement

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

Figwe99  Potential Solutions for ESH: Process and Equipment Management (continued)
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2007 2010 2013 2016 2019
2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021

DRAM 1/2 Pitch

65nm 45nm 32nm 22nm 16nm

LITHOGRAPHY

Radiation shielding (EUV and
X-ray)

Design of equipment to avoid
ergonomic stressors

Sustainable chemistries,
processes, and equipment
design

Reduced chemical
consumption and improved
utilization for resist, EBR, cup
rinse and developer

More sensitive monitors for
chemical odor control in fab

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)

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

Energy-efficient designs for
environmental control

ASSEMBLY AND PACKAGING

Increased use of recyclable
packaging materials

Reduced plating bath
chemical usage

Optimized plating water use
and recycle technology

Improved transfer molding
process

Low/no curing plastic

[ OO

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

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

Figure99  Potential Solutions for ESH: Process and Equipment Management (continued)
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2007 2010 2013 2016 2019

2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm

ESH

Established program for
spares and consumables
consistent with ESH design

INTERCONNECT
Treatment method for Cu CMP
wastes

FRONT END PROCESSING
POU UPW recycling system

]

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

FACTORY INTEGRATION
Development of water reclaim,
reuse, and recycle

Optimization of facilities | |

equipment for reduced energy

consumption ‘

|
|
|
Lowered fire risk for wafer |
carriers, stockers and

carousels (450mm)

Low CoO abatement and
recycle

Reduced equipment heat
discharge to clean room

Reduced and/or recycled
equipment exhaust

Reduced process area size/
tool footprints through support
equipment integration

air-cooled equipment

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

Development of water-versus _

Decreased air conditioning
load (e.g., through
implementation of mini-
environments, mini-pod
systems, and clean dry air
tunnels)

H
|

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

I Rescarch Required [ Development Underway [ Qualification/Pre-Production SN Continuous Improvement

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

Figure 100 Potential Solutions for ESH: Facilities Energy and Water Optimization
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