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FIVE DIFFICULT CHALLENGES SUMMARY OF ISSUES
= 10 nm /" BEFORE 2005
Chemicals, Materials and Equipment Chemical Data Collection
Management MNeed to document and make available environment, safety, and health

characteristics of chemicals.
New Chemical Assessment
MNeed for quality rapid assessment methodologies to ensure that new chemicals

can be utilized in manufacturing, while protecting human health, safety,
and the environment without delaying process implementation.

Enviranment Managemernt
Need to develop effective management systems to address issues related to

disposal of equipment, and hazardous and non-hazardous residue from the
manufacturing process.

Climate Change Mitigation Reduee Energy Use OF Process Equipment

MNeed to design energy efficient larger wafer size processing equipment.

Reduce Energy Use Of The Manufacruring Facility

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

Reduece High Global Warming FPotential ({GWE] Chemicals Emission

MNeed ongoing improvement in methods that will result in emissions reduction
from GWP chemicals.

Workplace Protection Equipment Safety
MNeed to design ergonomically correct and safe equipment.
Chemical Exposure Profection

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

Resource Conservation Reduce Warer, Chemicals And Materials Use

Requirements for large amounts of water, chemicals, and materials limit
sustainable growth.

Waste Recyele

Increase in resource use as the result of increasing process complexity will
require that efficient waste recycling methods be developed.

ESH Design and Measurement Methods | Evaluate and Quantify ESH fmpact

MNeed integrated way to evaluate and quantify ESH impact of process, chemicals,

and process equipment, and to make ESH a design parameter in
development procedures for new equipment and processes.

# 68 ESH 2P+ 58k
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Frve DIFFICULT CHALLENCES SUMMARY OF ISSUES
< MO0 i S BEYOND 2005

Chemicals, Materials and Equipment Chemical Use Information

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

Climate Change Mitigation Reduce Energy Use
The importance of reducing energy use for climate change will grow.
Reduce High GWF Chemicals Emissions

Mo known alternatives and international regulatory pressure to reduce
emissions of GWP chemicals.

Workplace Protection Equipment Safety

Need ergonomic principles integrated into the processing and wafer moving
equipment for both operation and maintenance aspects, and into the overall
manufacturing facility,

Resource Conservation Redurce Water, Energy, Chemicals And Materials Use

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

ESH Design and Measurement Methods | Evaluate and Quantify ESH Impact

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

Equipment standards

System design

Identify gaps in
existing standards

Implement
comprehensive
foundation of

Operation

ESH impact of spares and
consumahles

international standards

YEAR 1893 2000 2001 2002 2003 2004 2005 DRIVER
TECHNOLOGY NODE 180 nm 130 nm 100 nm
ESH
Chemical risk assessment Algorithm Applica- | New
tion DIOCESSES
Data accumulation
Existing chemicals Design of data base 50% 100%
Mew chemicals Design of data base New
Vil Drocesses
Assessment of new chemicals: Evaluation terms and method Ewvaluation system Data
safety data and environmental accumula-
load/impact tion
Reduction of environmental
load/impact materials
Existing materials Lead-free process and structure
Bromine-, Antimony-free fire-
resistant plastics, Beryllium-free
Assessment of other materials b on pro d dispo
By-product materials Process evaluation h 0
Material LCA Algorithm Operation
Environmental management
Material balance Algorithm Pollutant release, and transfer | Automatic
disclosure (PRTR) PRTR data
acquisition
system

Solutions Exist [____|

Analysis of impact

Solutions Being Pursued [

Do testing and generate

specifications

No Known Solutions
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Year 1999 2000 2004 2002 2003 2004 2005 DRIVER
TECHNOLOCY NODE 180 nm 130 nm 100 rim
Interconnect
Low xk materials - spin on and Lowest ESH impact solvents/ Emissions models/ESH benign  [flel

CVD

CVD precursors processes

Copper processes

Extend plating bath life| Lowest ESH impact
plating chemistries

Plating bath recycle/ESH benign
CVD processes

Advanced metallization

Improved chemical

Lowest ESH impact processes/
utilization

emissions characterization

signal loss

Ferform,
cost, SoC

Planarization Reduce slurry required Slurry recycling/ESH benign chemistries Flanarity
Plasma processes Lowest ESH impact etch Etch/clean
chemistries
Front end Processes
High x ESH evaluation for OWE pa benign pro
high « 0
Low-hazard precursor i ard depa ¥ benign pro
materials ethod
High & materials OWE azard
without potentially pmpound
toxic/bioaccumulative
metals (Pb, Ni)
Doping processes Subatmos- Subatmospheric delivery for OWe
pheric additional dopants azard
hvdrld& dopa
and halo- 3
genated
gas
delivery
systems
Surface preparation Fundamental research | Ongoing research and Op d
on surface/interface integration of preparation proce
science solutions
Alternate wafer rinse |Incorporation into new
methods rinse/clean tools
Alternate clean In situ chemical i al op atio
methods (0,, super- generation sl
critical etc., research)
Elimination of sulfuric acid
Front end etch Characterize plasma
by-products for by-product destruction
Lithagraphy
Introduction and integration of Reduced
new equipment into feature size
manufacturing
Optical Hazardous chemicals, material compatibility
e-Beam lonizing radiation, ergonomics, chemical consumption, disposal
ELV Non-ionizing radiation, ergonomics, chemical consumption, disposal
Specification and integration of Mew chemicals, purification requirements, wastes, emissions FKeduced
new chemicals and materials feature size
introduced into manufacturing:
Optical, e-Beam, and EUV

Solutions Exist [ ]

Solutions Being Pursued [ | No Known Solutions
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YeEar 2008 2011 2014 DRIVER
TECHNOLOGY NoDE 70 nm S e 35 nm
ESH
Data accumulation
New chemicals After 1 year of New processes
market intro
Material LCA Revision
Interconnect
Low x materials Zero waste deposition/soluble Speed. signal loss
precursors
Copper/advanced metallization Zero waste deposition Speed
Planarization Non-chemical consuming Flanarity
processes
Optical interconnect Lowest ESH impact materials & Speed
processes
Fromt End Processes
High x dielectrics henig
Doping i opa
Surface preparation Amb emp
pro e
Front end etch pro ding
g O-CIONO
Lithagraphy
Introduction and integration of new equipment Reduced feature
into manufacturing size
Optical azardo
L) fd L]
e-Beam and EUV 0 qra 0 Ono
Innovative options 0 ginon-io diation, ergono
0 ) ’ U U
Specification and integration of new chemicals and Reduced feature
materials introduced into manufacturing size
Optical 0
eq e e O

e-Beam, EUV, and innovative options

Solutions Exist [_____]

Solutions Being Pursued 1

No Known Soelutions
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YEAR
TECHNOLOCY NoDE

1999 2000 2001 2002 2003 2004 2005 DRIVER
150 nm 130 nm 100 nm

ESH

Energy consumption:
overall fab equipment
kWhicm® (kWh/in%)

0.5 (3.2)-0.7 (4.5) 0.4 (2.6)-0.5 (3.2)

Energy consumption: fab
facility kWh/cm®(KWh/in’)

0.5 (3.2)-0.7 (4.5) 0.4 (2.6)-0.5 (3.2)

300 mm production fab x* Productivity
equipment energy
CDJ'[SLU'I'II‘JT‘IDI'[
Reduce PFC emissions [Note 1]
Fromt End Processes
Reduce PFC emissions Develop optimized etch processes, alternate chemistries,
{etch) and cost effective abatement
| Continued research in alternate etch chemistries
Lithagraphy

Equipment energy and
material consumption

Reduced
feature size

e-Beam

| Emission of climate change gases, energy consumption

Specification and
integration of new
chemicals and materials
introduced into
manufacturing

Reduced
fearure size

e-Beam

| Use of climate change gases, air emissions, wastes

Assembly & Packaging

Reduce energy use

X | 0.8X

* X is based on 200 mim tool energy per wafer requirement.

[Note £f  10% or greater

Solutions Exist [

- absolute reduction from 1895 baseline by 2010 is agreed to by the World Semiconductor Council.

Solutions Being Pursued [ ] Neo Known Solutions ]
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YEAR 2008 2011 2004 DRIVER

TECHNOLOGY NODE 70 i 50 nm 34 nm
ESH
Energy consumption: overall fab equipment 0.4 (2.6)-0.5 (3.2) 0.3 (1.9)-0.4 (2.6)
kWh/cm’ (kWh/in’)
Enerpgy consumption: fab facility R el 0.4 (2.6)-0.5(3.2) 0.2 (1.9)-0.4 (2.6)
300 mm production fab equipment energy 0.4% FProductivity
consumption

Reduce PFC emissions

Lithography

Reduced feature
size

Equipment energy and material consumption

e-Beam Emission of climate change gases,
energy consumption

Emission of climate change gases, energy
consumption

Innovative options

Specification and integration of new chemicals and

Reduced feature
materials introduced into manufacturing }

slze

e-Beam Use of climate change gases, air
emissions, wastes

Use of climate change gases, air emissions, wastes

Innovative options

Assembly & Packaging

* X is hased on 200 mm tool energy per wafer requirement.

[Nete ] 10% or greater absolute reduction from 1995 baseline by 2010 is agreed to by the World Semiconductor Council.

Solutions Exist [ ] Solutions Being Pursued 1 No Known Solutions ]
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YeaR
TECHNOLOGY NODE

2002
130 nm

1599 2003

180 rim

2006 2001

2005
1% nm

DRIVER

ESH

Equipment safety, gases and
chemicals leak, and equipment
stability during an earthquake

Implement 52 Safety Guidelines and S8 Ergonomic/
Human Factor Guidelines ~ "'

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

Standardized control
features and
procedures

Comprehensive exposure data

For operations and maintenance

Comprehensive industrial hygiene (IH) exposure data

MSDS data sheets

Use format

Industry standardized
format

Personal protection equipment

(PPE)

Test and rate PPE
against chemicals used

PFPE trade-off versus hazard
elimination or engineering
control

Cost of PPE
per employee per shift

Protocol for selecting risk
management solutions

Industry acceptance

Full imple-
mentation

Reduced chemical exposure

Isolate workers from chemicals and
by-products during operation and
maintenance

Ergonomic improvement

Minimize/eliminate
physiological stresses

Understand
physiological stresses

New chemical qualification

Collaboration of government/academialindustry/company resources

X-ray exposure

Fundamental research required

Endocrine disrupters in mold
resin

Develop new materials

N-methyl-2-pyrrolidone (NMFP)
eXposure

Interconnect

Copper plating processes

Tools wireduced employee
exposure

Fronit End FProcesses

Less flammahble wet deck
materials

Develop new materials

Work environment

Continued reduction of physical stressors in clean room
environment — noise, non-ionizing radiation, thermal stress

Low hazard dopants

Inert material cleans

High & Lowest hazard materials and precursors
Doping Low Reduced potential for exposure
pressure during maintenance
dopants
Surface preparation Robotics safety Reduced chemical use
in clean processes

(supercritical, cryogenic)

Front end etch

Minimize potential
exposure to plasma
etch by-products

Optimize processes to minimize production of potentially
hazardous by-products

Solutions Exist [_____]

Sofutions Being Pursued /1

’n SEMI. S2-93A - Safety Guidelines for Semiconductor Manufacturing Equiprment.
' SEMI. $8-95 — Safety Guidelines for Ergonomics / Human Factors Engineering of Semiconductor Equipment.
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Year 1999 2000 2001 2002 2003 2004 2005 DRIVER
TECHNOLOCY NODE 180 rim 130 nm {00 nm
Lithagraphy
Health and safety Redured

feature size

Optical Ergonomics issues, potential exposure to hazardous chemicals

e-Beam Ergonomics issues, hazardous chemicals, potential exposure to
ionizing radiation

EUV

Ergonomics issues, potential exposure to hazardous chemicals,
potential exposure to non-ionizing radiation

Specification and integration of
new chemicals and materials
introduced into manufacturing

Reduced
feature size

Optical

Potential exposure to toxic chemicals

e-Beam and EUV

Hazardous chemical use

Solutions Exist [ |

Selutions Being Pursued [

No Known Solutions I
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YEAR 2008 2001 2014 DRIVER
TECHNOLOCY NODE 70 nm S0 nm 35 nm
ESH
Comprehensive exposure data Industry database of IH exposure data
New chemical qualification Apply new methods
X-ray exposure Collaboration of Apply new
government/ methods
academia/
company
resources
Endocrine disrupters in mold resin Use new materials
MNMPF exposure Complete
elimination
Interconnect
Optical interconnect Tools with no
employee
exposure
Front End Processes
Less flammahle wet deck materials Use new materials
High « ESH-benign
dielectrics,
electrode
materials and
deposition
processes
Doping Low hazard
dopants
Surface preparation Novel rinse/clean methods that
reduce water and chemical usage
Starting materials Ergonomic design of tools and
wafer handling for =300 mm
wafers
Front end etch In situ equipment clean
processes
Lithagraphy
Health and safety Reduced feature
size
Optical and e-beam Potential exposure to hazardous
chemicals
EUV Potential exposure to non-
ienizing radiation
Innovative options Potential exposure to ionizing/non-ionizing
radiation
Specification and integration of new chemicals and Reduced feature
materials introduced into manufacturing size
Optical, e-beam, and EUV Potential exposure to toxic
chemicals
Innovative options Potential exposure to toxic chemicals
Solutions Exist [ | Solutions Being Pursued [ No Known Solutions I
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YEAR 1999 2000 2001 2002 2003 2004 2005 DRIVER
TECHNOLOCY NODE 180 nm 130 rmm 100 nm
ESH
Zero emissions Thorough recyclefreuse system Develop
recycling
technology
Recycle rate: % 60% T0%
Interconmect
Copper processes Minimize rinsewater
Planarization Reduce water consumption Water recycle
Plasma processing Measure/ optimize Reduce tool/system energy requirements
energy use
Front End Processes
High x Energy-efficient deposition Precise uniform thermal
processes processes with minimal
energy consumption
Doping Energy-use evaluation for future Energy efficient
doping technologies processes
ch as PGILD
Surface preparation Energy use Energy efficient clean process with
quantification for heated chemistries and UPW
surface preparation
methodologies
Water conservation Incorporation of novel rinse Novel water reduction
through rinse methodologies in wet tools techniques derived from
optimization; idle flow surfacefinterface science
reduction
Front end etch Measure/ More energy efficient plasma
optimize processes
energy use
Starting Materials Quantitation of energy/water reduction from simplified SOl-based process
flows
Lithagraphy
Optimization of resource Equipment energy consumption, equipment related chemicals/ Reduced
consumption by equipment: gases/materials feature
optical, e-beam, and ELIV size
Optimization of resource Water/waste recyclelreusefreduction Redured
usage: optical, e-beam. and faature
EUV size
Factory Integration
Decrease net feed water use | 7.6 (13) 7.6(13) 5.9 (10} 5.9 (10) 3.5 (6) 3.5(6) 2.9(5)
Liters/em’ (pal/ in’)
Decrease UPW use 6 (10.2)-8 (13.6) 5 (8.5)-7 (11.9) 4 (6.8)-6 (10.2)
Liters/em’ (gal/ in)
Assembly & Packaging
Eliminate waste from Develop/use new molding technologies
maolding process
Reduce water use X 0.8X
Reduce chemical use and X 0.8X
consumption
Solutions Exist [ Solutions Being Pursued [ ] Na Known Solutions I
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2iid
A5 nm

2K
A0 rm

2011
50 nm

YEAR
TECHNOLOCY NopE

DRivER

ESH

Zero emissions (recycle rate: %)

——

Front End Processes

Ambient temp. Virtual closed

Surface preparation
loop water
systems

processes

Lithagraply

Equipment energy
consumption, equipment
related
chemicals/gases/materials

Optimization of resource consumption by
equipment: optical, e-beam, and EUV

Equipment energy consumption, equipment
related chemicals/gases/materials
Wateriwaste recyclefreuse/
reduction

Innovative options

Optimization of resource usage: optical, e-beam,
and EUV

Innovative options

Waterfwaste recycle/reuse/reduction

Factory Integration

Decrease net feed water use
Liters/em’ (gaL‘iuz}
Decrease UUPW use

Liters/ em {mal/ inij
Assembly & Packaging

Developl/use alternative molding materials
0.5X
0.5X

Reduce/eliminate waste from molding process

Reduce water usage

Reduce chemical use and consumption

Solutions Exist [ | Solutions Being Pursued [ |

F* 120 B O KNI T D EAN B SR — K W]

No Known Solutions

Reduced
feature size

Reduced
feature size
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YEAR 1693 2000 2001 2002 2003 2004 2005 DRIVER
TECHNOLOGY NODE 180 nm 130 nm 100 nim
ESH
Methodology for determining Develop basic approach Beta test the approach Integrate
lowest ESH impact of materials approach into
and processes industry
Material balance Basic study System performance check by Implement

existing data

Risk assessment

Standardized methodology to
identify, access, and accept risk

Case study for cost and
relative risk model

Case study

Relative risk model with cost
performance

Modeling

Default values for risk and cost
model

Interim version

Design tool integration

Basic study of integration for Study for
different values integration

Check and
improvement
Improve
accuracy

Resource cycle system model Basic approach Modeling Check and
improvement
Process simulation model Establish basic methodology Develop
advanced
process methods
Evaluation of major process Use of simulation modelona  |Use on advanced
major process processes
Data base for chemicals and Software development
materials
Data hase for regulatory Survey on requirements,
requirements guidelines, NGO trends, and others
Lithagraphy
Equipment design tools Risk assessment/performance/ Reduced
optical, e-beam, and EUV cost of ownership feature
size
Chemical usage design tools Risk assessment/performance/ Reduced
optical, e-beam, and EUV cost of ownership feature
size
Factory Integration
Improved factory design and Training for factory designers Implement
equipment integration for ESH Industry strategy to develop and write codes
Consensus designs for chemical Implement
delivery and by-product
management
Consensus design for equipment
factory interface
Solutions Exist [ Sojutions Being Pursued [ No Known Solutions [
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YEAR 2008 2011 EE DRIVER
TECHNOLOCY NODE 70 i S0 nm 35 nm
ESH
Design tool integration Integration
Evaluation methodology for resource cycle Performance and predictability
system model check
Process simulation model Develop advanced process
methods
Evaluation of major process Use on advanced processes
Lithaography
Equipment design tools Reduced feature
size
Innovative options Risk assessment/performance/cost of ownership
Chemical usage design tools Reduced feature
Size
Innovative options Risk assessment/performance/cost of ownership
Solutions Exist ] Solutions Being Pursued [ No Knowr Sofutions I
#% 73b BESH @ Et B L OWIE T B 2B 32 Bl 1 2ok — = 4]
13—3—6 B

Bl AR D53 BF Cix, ESH ICB 420 B O BE R S5, BB &I 2R 723 72l 2727 'm
TAORBENREDON TVDEED ., ERTIEHLOERM B, K . & « . CMP(chemical
mechanical polishing: b “FHE AT BE) . 38 L OVEEL R D 43 B TH L WA B O FEAl 21T > TV 5,
ESH @z —PFICTIERKRE T 2720121, ZROOFHLWEE R T rEA BLOENIZELD
RO E I D BERD AL BEL(TENRIERESHDINE T T ITAYICLDHF I DB <) ]
OPNCT oM ENDHD, O IUL, BB OF SR PE, B ESH (2§55 2 (SO £ R D
L EERCERICE TR RIEBSIOM o P EEOw G, FTB M RGYE) Z/MaT L
7o E Tl 27 B AM B 2RI THZENAREICR D, EHIZ, ENICLS T rEAD I % R
EFER IS ODE VU RANOER B2 RE/NRICIMXDZENFRE LD, IR 7L - | M
B, BROGE & BB 2 H MR (£ 69a) O 1 2L T, BB TR OT R TONBFICE VT

HEDO/NIWH BT e RAZ[ R T52ENFETOND, ZHIZIT, A - F - T AD D)
DY FH| LAY ~—, CVD(chemical vapor deposition:{t B9 <UAH B ) O J B E | - AL F AL 7
WE ., o F SR EME NG END, £, 2RO O S FICBW KL ERMLEME 20 72<T+5
TEREEMEWOT IELE NI, ZROORM B IX CVD e RIZB 1T AW E O H %h %
DL E, AT DAY DFMOIERE VA7V, CMP DAZY & OEIHHVIEATY OV H A
INENST T B TRIRTHZENTED, RICR 2% 6 OBk E (£ _69b) LLTIE,
HEEEEGRBOM T2 G ELTEBEEMEZLELNWT R var7TatA BIOMEEWEEFEHL
IRV HAL T R ZAO B R RN E T HiD,

RAEZAD 1 SO EMEEL T, HHEROER M ERHSNTWD, MERBRILHED 1 >THD
PFC (perfluorocompounds) {d, B TREICE W TUIIEM I H S Cn0d, MBI OE
I RT3 6 o i BRIR MR L 1T B 328 I 3R B (32_70) 13, PFC DB &% 1995 DAL~
G 10%HIR T 5ZETHY, ZR N8R ERDEEMICRELZAEELRoTND, ZOREL
WHIEZERL, CNOOME A5 i EEE B M THEH TERICL TPz, ¥R BT
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rE 2D REMEOEN VA7V BRELWSIZTTEZE LT PFC O & OHIIC
BOLVENGHD, HT LM B ZB R 5281, HrLnoy FE A OE NS035, £ 2K
D WEI AR 23 AT ESH I T8 A R/NRICMAOND L)y F - T e A% B3
L i 7es2n, ZoZ e, CVD Fxo R 7)) —= 712 db TITES,

CMP (K T2 BN E FLZ LI AR F W E LK OW T OxFHb 2 <M H 325 8 L72
HIEEBEWRTH, MM A TG AEOEROFICE 28 M iR (£ _72a) TRLEZLIIC, &
R 722K OffE ] B 2B 3 2 LR B IZ, ESH 2 7258 B Ak /NRICIH 250597 CMP £ il
BELO CMP B O HE N 2B 5 T 2L EDRHLH, FOE K AT, BELD CMP D% OWFiFIZE N
T, BE¥E K O A &2 /N RICH 2 200 id7e b7, CMP B8EXOY CMP O # O A 2K &2
AINVBLOHAETLIZEL, KOFEHEZROT OO0 1 SDORKEM THDH, =X —DH
KISV R BIE, TIAV L CMP & | BRI OZIHHE S50 7Tk THEM 325
THEE /RIS 222NN E L2, RF(radio frequency) Y =k —# (L, TR F—Z KRB ITH
B AL EME ORI AR (F A4 D 30~T70%53 Bf) Ll G bE & 77X O %
NX—h R E L2, EKWIETARAVEH LI T ¥ o NI == T Dl DR B I/ RARA
YheBUHIZBWTE, RELEWS OO ARELEZE=FL BXOHE BNV RIRDLEOIZ
ML THIENTED, TR VAT LAPLRHINLEBUL, FU L CTHF A CX5/REELH
Do TR DR DOIERE TIL, XNV F—HBEBODRNWT T~ « AT KON ZE B % A3 4 F TR
HIEHLEZEZDND, Ty T ¥ —X CVD EEIL, EERICVx— T v U N\ORE AR 3570
IZ POU (point-of-use, KAV h AT+ 2 —X) F 7 =B bl &5 35, K022/
HAT LR THIE, (VX —OEE B2 ROELIAREELHD, B RICB TG X%
WETDEDDB T2 N M ETH S,

MRS A OEXREORZ2MICHE THEMMAE (£ Tla) LTI, X B 0N 350
MWD THEODEBEORBENDD, ZOZEIE, HAYFOLODOH LN — LK 1 AT
B3 T REEE R OO DR ICLH TULES,

13—3—7 ZurshxzrF-FatX

TE R T AT ESH I B LTI £ % D1 4 — N T U <00 B 0030 00 87 3 b B %
AR (LU A) OB F | 3 FLIR 8 00 72 00 9y S B 1A 25 10 £ W D I G L 5 K VA
T O RCBEEY OE R EIE T 50T e AD K #E L THD, 100 nm BILOZLL
W D 7 D720 1 B S BB B (35 KOV L2 BB B L W 3417, =+ /%) 1, ESH
DB E PO T4 R F =y I B Thb,

Zra—s3L7p EHS OFBEIZ, 7ur b R 7 atv20H b 5H ISR L TWD, (LW E 2%
HA L7700 EERIRIK T, 7 A2 K E L TE W E O 2 L2k KIRICETF52E
THY, NI T EME A & FEEDOAERK., BRY ORI, & O H R no7c g H (T
DWTHRF T2 E ENd, B BEIL LB COMTFWE DAL, 2 FE OB FIZORND,
B UWE AT LB 28 8 AL B i 3% IS B D) O =3 X — i | OFEi 2 T 50 ERhH5, ¥ B
DRERHMR T DO AL FE O D HIebT | LI AR DAL T T AL TO Y B Y
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TREN (B FEAA AL L — P BRUOmAR Y M IS ER) ’Fa”ébfwﬂixu‘oc TS,
T Zatl 4501, Vo= OHRF W (£<IZ 300~450 mm DT =—rN) LHOLATTh
O TAMLPRICESNWERFTREEZRETLOILENHD, EHS @mz—ﬁ:% COO (cost-of-
ownership. Fr 8 2 ARN) . VAT T BAAV N —VEFE AL e AR ZEZFEML., i OGE
Bk 2B S Ui iuiE e s an,

F/o IO ESH O EERBEIZ, 7o b R 0RO 2« D3 ¥ 12bH CTlEED,

FKmEAH — KELHIZIRITSH ESH ORI IT, Bt i L2 EOE MR, KBID
TRLX—OHE & ThD, RAEALEE NI, 2005 FLURFEIE AR T EINTHNDIH T —MNEE
R0 — NE AR OF A BHI IS T 272D ITIR AR B 2R DRSS N 5, 16 E /K O & K i
HIlER D7z 60 (23 1 38 KOV #H A S B 3B M S B Th D,

ROV T ABLOR B G o2 T E O N B2 & ELTILERDD,
FEP 2MER 700 0o IZid, 2y FR DALV —FR— VK DER & BEE — EHEFFT K
W 4 8 o % (CMP f&mﬁ‘a@%a te) — A L AW EM ANy T ORY~— /7%
EORAM Ty F R OEHFICLDRE;, &R BIORY O3 8) - H ik Sh iz b 28 E; R K
EHOWIAL L BIOF L — I OE A B 5, RBREE et xo 2, (LEHE o
ERIEICHIE CEZAR M OH L OLH D IR IR K A B SRR, A E R 8 O
A Ve, L ST L 2 B AR A U U BEOL Heir, B X O LWMK « BA OB i
F) . G EOK#EL, BBV E268 H L7 2w A6 # Ol 217 bbb e b, 7
2EADEBRMEIZ DN THE KT A (HF/HCL, BLXOREWE) O &0 MIZ W THRF Lk
(PR AN FECANEYI AN

HE K DA R BN 2R D UE | THAE G ORI, 2 B Y RY AT K DK O & E B BRI 231k i
THEDHNTND, Ll REBEEEE RIEY=— /S, BLOEIRBEM KLY =—
NPV T2 &) o AR R B el K B 3 A GEL e B R A A AR L e E) 1T KD =L X —H B & O
RICOVWTHRHFTOULERDD, WAL EEORBRESFIELZHE T ILERND D, BHAKDY
PFAINCE LT o AR B 22T DT AR LNV O R 2R H T 2E EEOE WESTO
BRI BB LD, TAN T z— O H ORBIZEY AL FZWE ., K, B X —HE &%
HIJR 322 T&5, B AL B AL 8 O G Cid, Sl Sk X IEB A BE . AR L5 BL O rAR v
IZH DWW KRB B E LD,

ME — ot ATAHIMBHIERLE F 12 Czochralski (CZ) fEda 2P L= Vo« = —o
WZvVarzze 27— (Eph) KR LEHDOTHD, 130 nm /—RTOEH RTINS SOI
(silicon-on-insulator, ¥ Uar F AT ab—2) L, 7ot 20NV THEL, 3720
Ho ORIV L M H T2 E R X =R 72 0O T ESH OB S S IT 4 FL VAl GEME
R>D, 300~450 mm DK ERY=— "TIZIVZLS DL FEWME, =RV F— KPMLBEITRDHTEE
EBEZONDN, EROENITE-oTHEHEPHEWICIAONLEIITRo7,

A/ — SR BEMEOFMICEL UL MEEBLXOZNICH 28 7ot 20
FHIZEHLTOT e ADfGERMEEZED THDICHETILELRHD, REETIVY AR (Co, Ni, D
ftl) DfE R A K T 57201, N ERBIOE Y 2 EEEHERELE R TN LE LR
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L. A FWE O R RIZ, MBS AT LAREEOT VAL EZL B T2 (N T O/NRAL | M EE
NEBOMHRE) L TREILTHIENTED, IEH/IEANEE ., BIOZFOHEALE 2T A
(FEEALHE) oo x X —fHEZHEL. KELIT220LENHD,

SESERAILEY O E2E ) 0NE k DA B ELTIREZSNTWS, TOMBEELD
CRAEBILEMIL. EELLINIIRBEICEI2E AL LESEH D, BST(FHX AV LA T
7 ., BaSrTiO3) X PbLaTiO3 LWo7cfb &MIZE T2 RS Tnd, KOEHERFEMRLL
TIE, ZrSnTiO, SrBiTaO <°, PbZrTiO o7 b &¥ ., ZOM ORFE EIR, =L EM BB D,
N2, FNO2, 02, NH3, H2(7 4=V 7 TR ICLHBM I B2 LM LR D,

F—rEMELTUL SESERSBRXZNEE T 2R B G A BR) B S Tn
b F—ra B L TIR—7 RV Uar b4 )& (Ta, Tio Nb, Al, Mo, Zr, V. Co W, Ru, Rh, Ni,
Re, Ir, Pt) EHICHE A RV ARREALM BB Z BN TWD, 1ZFEAED CVD H I EHIA # 4R
T, REA . WEMEREEBITHMICEN L IRIERELTEEICEASND,

F—btr7 — RBEN (SESERFHEMPMETTINTND) OWBRE | b F 8 70 fE R E % 1R
UL ERIEEEM TN ME THD, T A G R VE S B2k & 1x, Kk FE L (SiH4, B2H6,
PH3, SbH3, AsH3 72E) | & B T A¥ /L L —FHAOEBICE R ThD, SEIERR—E L7 WE
B L CRE W ABEIG AT LEBR R TOLERDH D,

TJu b RS TR 2y F — Bl EREE PFC 2 T 5720121, A IcE e 20k
WAL B X OT2AE MR oM L (7 oA TOEH L)) B EIZRD, K WAIZIE, PFC Z/I £
R EL TR Lan R PRC S OB B3 B L7250, 7V — Ml BRI R 2 E 2§52
iR, =y F U WAL FEE LM ARIIZE DY, ESH 123t 728 2 IZ o0 TH M 7
THIENMBELRD, &k ZFMTIELF—7F SIS L TRIRWARR oo F R0 ELRS, 2hb
Dy F LTI EDIRIE N ZE T HNTELRESNTUIN WA, Cl (b &R INST
HA9,

13—3—8 VY7574

VYT T THESHIZOWTE 25 B 4200 B R R LD, bbb VI I7748X
O~ 27 /E R O FME (T VDA, o —  BUBRIK ek . ANy —) ok R4E @&
AEF = BE VAT L VI —var A —72) @ EEE (DUM, B2 —A X #4428
—h) BXOEBEERGF THL, INOO0 T BEXOHLWIY T I7 08 i 0&E NI 588
MO 1 22, va—AbyX—D WO BE NG H, E<IT, F LWL Y E OFFEAMN | B8 55 125
TORM OB EEOR M AFXEBOL MR OMBEIZHOWNWT, ZHE AT RO T MR
FITLIULERDD,

TANIITIZTABINAIEDTO O FHE — O TETHELINDIOZ, 74
VI 7 I74BIO~AZBEE THEH S8 Ly 8 OFF M 3 KOUE A 7T g2 P12 B 35 1% #t
Thod, ZNICIE ALFEME DTN VAT AR DT =4 TSCA O F TOIRKE, E¥ Bkt
TORBAREEDOE=SF—FE, 2o F ANy T EOT oA TOAEME O H (HAPs BXITD
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VOCS)IZB 27 — 4N & END, WICHKLELINLIOIE, M B O EE B CThd, 2T, #rL
WM B D RF == T DA AT T U AD R T =< U AB LR, U A7)0 A & 4
WL LW E N E D,

INOOE ERRE MR EBEAELTIZ, TSCALDHE A MHIZHE SWTIRE LIV I F7 128
%T%éfh%#@’%f@)xl\@ﬁﬁk FLOHEZEMR T 000 7aha Lo % L FEWE
BINEE VRIOEE RV EREOR A RENF TS, Tz, REDE SR HIN., B
LW BEREIRDOTA7 A7 NVD50 0 IR B O AFEEOLRnWE O H v
eZlb RRRBEMELTE 2ABND,

TatREE — TrREEICHAL UL ELRDOZ, EEOHLYE O LR S R RE %
HAPs % VOCs O HEH . ﬁi@%%%@@@ COO, BIUPZ R LF—HEIZD Ix\ffiﬁqﬁfé_tf‘
bb, Floo NI TR SN B ORE . PECOHEH R T IX~EIE R Y OF L E L5,
SO A F - T rEAR R Ve A TRATIREYORLZMO T IEE ML E LR
%o

iR T 5% fige Al 2 A & LT, AR A > b (point—of-use) 0% 2R A 41 8. 7% I Bk 4 D i d AL L 75 Y
By 1k R MECER B R A R E O . B A— DD S2 BIOSS B Ol I BN T b5, TDIED,
P I RIETEENED)DTavADE AN, KM ERERBILDRE2E T20E 0%
TR OPERR, LR E T2 M O GFHICE L CORBERHBEEY — L OIEH EWo 2 EH iR Ik
KEM LD,

B E — HLOELEEICEHL YL EERL01E, A T2 E OB M. R oG
OB IE, VAT EAA K, COO, fGRAT RN =L — 2D ICHOWTHMREITHLTH
60

R REM M E L CE VAT BARAC RO FENE, COO D43, & B Uiz &t B B 1k 7 a
T LD NE TS,

BV —=7 — WHRIOMHIZEE LTI, HAPs ®° VOCs O A ERTEYM O, BX
OMR i BB T 2Rk 2S00 B &7 D, FTo, VRV AIROVE T IE I oMb 0 B ERD,

fift e R AEAR BN L TUX L ARIR Ve A 2 L7220 B . R A - L AR, 8 357 ©
DOlrE HROB I, 3G ORELNZEToND, £o. RIE~OREZ R /NRICM D7D
WZIE, TR OR G AR E T ML E THD,

13—3—9 77N —AT 7V —av

LA R, REOREICEA T EEREROIEE I, T OEARR G (FATH i 5 L OGHHE
ME) LG ORGFBIORBEOBEBENOAZ— 2, BRLEREDILODT AT A B, FIHE.
FHEAVLBEICIS U CERE(LTEIER, AP DAANIROE W T IETHD, ZNHDOIEE 54
THIET, AX— DRV a— VEEHETHIENTE, FMOY 774 (M AES) LE#ER
%73&%—?%%0&? THTORMOHRAE (A FT72—R) BAL—RIATHTEN A RE LD, L
Bogd, WG, FEZEB O FT2—A T TEHAMEEBLEOMABEBRR, ER o0
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ESH IZBBERE R L LTI,

ESH O=—X%J7-L A —R NEDOA7 Y a— LV E2EHE L., IARODNHEIESRE F 20845
720t R OEE CLERCRE IR E LA R 7702 ER L., & OB H 23 5E D
%67&143%5 COWTHMETAZENRFTFIZESOTARARTHLD,

VAZEBICE L TSNS FIERBLORBROIEF 13, RO Pk Br . H il 79 % 2 (R Bt H 250 i
TVETIT - THAY) FHEHEBR (FRESICE I8 )  MFEEBORER THD,

AL HEHE TR DF v AT, BIESA LT BTV T AR ITH D, BAE O E ., B E
OFFE, BESH OFBFE, 58 T Pt SICB W CESH OB #E FIH A= #5252 81%, BSH O T4 —~
VAL AZ—RMFDOR R BIOAAND RIEREFICORD D, Elo. RIMDAVTF A BT B
ITMEBEEICBWTESHZREK 72280, 50 L35 O A 2 AR5 /72 ESH °axb
DINT p—< 2 AD KNG IR T LD,

B DOEEIATA, BIOEE O ZT7 2 —ADE AL, ZRMEDHRL TR E %) R &2 m
& AF— M OIEERFB OFLAMEIZ DR D, ZOIIBREEE/L DO R EL TiE, kK F A
TLR KV AT I, ZNEDV AT D ET=HTHAET2—A AR VAT L BT
FOMWBETE JEFER AT LA ERBRT 7 —LNBE 20NN, TNUHIZR BN TIER
WV, INHRETART BTV T ANRAGICAR A KRV AT LOMAZ, EVE B AT L 1T
ALK Yt N

IHIZ, Zon—R<y 7 OO rary TR LT o ARA T ATHEH 3565 E O
BRIEZBIICHONTE, R e B TR OV AT LADEIL R BL AT F U A ICE ¥ B 2% E
LML EE CEAIOIC L R ITDHIETENEM DRI NIT LR,

FFRDOTHIZHE T, LHOTatR R = AT AOLZ 2SI BEINRITNILRBR0,

TEEBREDANHEORBERLCE RIZRIETRENPALNIRDICON, L DOVAT LB ITHEE
BOREMRESHIZHKETDHIENLELERS>TWND, TN, VAZOFHE FikEdkEL, & F
BEECTC—HLCEZORM T EEE A LIVAZFMETHIENF N THD,

F—hA—a B ORI DN TH TR T22801%, ARICEoTHRMIZESTHE 2
IERBRRE L FEB T OHE ORI ORNDL, ZORBRBESTARIA NI, A — A A—Tar -
AT LR —hA—=2a VAT AN TAEE T TR MEFEOMERVEF DM 47 2 — R
xfG LD,

FEROL R EE, BRI B S OBALICE R L TS, RO LG ORE 770 HDHW
FEF THOEE T OERICEEL TX, Hsl o6l EHECE TR & I L CEES LY
DREEHEREZH LNHEG OB ETHEH TE2I0ICB DR ITNIE B, £o, 20X RIEE 2 H
BRAICHELE L COLSZENME TH D, SC EFIL, Il ] § 22 E L L5 DA 72 ESH I
LM N TDTeOIATE LRI IR B0,

THOBRFFICELTUL, Y= ~D7 a2 B O BIARY OB EXREAEHITD
TODUVATANERZRIND, RO LG OFRFHIZEBEL I, ERE2RE. HiH. BFHITILIZDD
NTUADENT-T T TR E ] T HIENNELRD, ZOIHE R 2 R#E i I5-200 70
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TILEHETIERERS>TNDEDIE, BRVHDHKE R XL —& IRk 55 G 0k, B8
Bi5RollE,. REDOHEHE THD,

ESH O, BLOLERRMOKRG OWE L, ERDPHEOOLDICAH EFtE 2/Ek 352
LTCREHMEEIND, 4 HOEINEZb->TTNIT, 2ok Iy a3 T Tﬁbﬁ_ux AR FINE O O
-2 HR)E L 72 CBT (computer—-based training, 2 Ea—42f A LI N —= 7)) T ul I L%
B & 45 Z &3 AT HE TiE R,

RVHLIEROEHELZHOL, BEDORELZR/NDNRICTHZDEVIRICEAL TR, ZOHEEDE
IBEBEBOY T IAYT v ALRK G T2 MEIZHLIN, LHDOVATAICEREH T 0r TN
EROANDIEL RERREZLTDLT, ZOIHRFROTr 7T L0 H WL, BILOHE E M/
FRICI X ONDI57 T E@EHR 7528, BXOBROBF A VA7 Bl A kY O F L ZiE
CCHREYHIFEAEHIRWTHEZ2ER TILCHD, THICE T2 EERESH 0T 4TI,
TavZABIOT BRSO & ~DKDOFFH =L F— 23 0O m O ER i B g L Bl gk DA
T LT A O E | H L % E R S S e D,

13—3—10 Ty TV Fr—U 7

TV T e F T ROF T e RITr— )L e Ry =D T ~DOBAITIX., TR TR — 0 7B
% ESH OMBEZREVICIIZRICEFIELZENTHEIND, THIEL, ZNHOHE T TR —K7
V—Ah WERKDODE—NT AT REBEM B T8 BNk D72DThHD,

—HVRECELRIETH, 7uIv A RVIT LA TrF Ry RBACERA RO EITHL
TE HEREGIOEAN DN ETETEEL>THD, I—y i\ ORGSOV T, 2004
FEETICINGOW B TORG 28 ShoZenTFRIND,

AT T ZHATOT m AT KBV, BSOS TS H L THLE F G ERITBY

T T T ORTE Bl 23k 2« 2R 25| SR S 2L TR SNDI2D, #h (Pb) 2SR & 7B
LR O TOD, FATA T ORE BN T FEEEROIIAZHTIREZ LTS8 ERHY, R o
o0 B O ISR 0720 AN R E 2 A TS TRENE N H D,

NI =T NRAATIE, Fy T2 =7 — AT T D720 O 8 & 4 O 23 B8 2 5 1248 M
(LT D,

i ER IR B AL T AD L H | OHIJH AR DO TNWDHZE, o, BIROREL VOB R NG, =L
F—HE& OB B HZ L7225,

TRy TV = I AR BT, FEERER OB E M ORMESHENICE 5L DT,
7 x—n83EO ) —RIZIEBEARIE RV, LML, =R~y 7 DORGEERXEZETFTH-OICFRLEZ
fFH LT,

E B R fff o —R~> 7 1999 4E kR



First Year of IC Production 1999 2002 2005 2008 2011 2014
ESH
Develop plan for implementation and | |
use of risk assessment algonthm
First Year of IC Production 1999 2002 2005 2008 2011 2014

FRONT END PROCESSING

Rapid ESH assessment of new
materials

dentify ESH issues with precursors
for CVD and other deposition
methods

LITHOGRAPHY
Radiation shiglding (e-beam)

Radiation shielding (X-ray)
Ergonomics
Sustainable eguipment design

Chemical selection criteria

!

Chemical information

Minirmize chemical exposure

Sustainable chemistries/processes

ASSEMELY AND PACKAGING

Eliminate hazardous flame
retardants

|

Lead-free bump technology

I R=cearch Required "1 pevelopment Underway

This legend indicates the time during which research, developrment, and qualification/pra-pros

planarization

[ qualification’Pre-Production

duction should be taking place for the sclhution

Lowest ESH impact CMP and post |
CMPF cleans chemistries

Identify ESH issues with new atch
chemistries | |

Identify ESH issues with opfica
interconnect materials

Lowest ESH impact optical
interconnect processes

N Feccarch Required

[ Development Underaay

[ Cualitication/Pre-Productien

Thig legend Indicates the tme during which research, developrment, and gualficationipre-production ghould be taking place for the solution
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First Year of IC Production 1999 2002 2005 2008 2011 2014

ESH

Reduce eqguipment heat discharge

Recycle equipment exhaust

Reduce process area size by
equipment integration

Develop water cooled equipment vs.
air cooled

INTERCONNECT

Lowest ESH impact eteh processes
that do not emit PFCs

Frocess optimization for etch and
chember clean fo reduce PFLC
2missions

Low Co0 PFC abatement and
recycle

Lowest ESH impact alternative clean
processes that do not emit PFCs

RRTT

Fredictive plasma emissions models

Measurefoptimize systems enengy
use

Reduce energy consumption of
plasma and sputiering systems
(tool, pump, for exampla)

Reduce RF plasma energy
consumption

Alternate low enargy plasma
systems

I Foccarch Required [ pevelopment Underway [ cualificationiPre-Production

Thig legend indicates the time duning which research, develapment, and gualificationdpre-production should be taking place for the solution.
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First Year of [ Praduction 1999 2002 2005 2008 2011 2014

FRONT END PROCESSING

Develop PFC-ree etch

Develop systems with in sifu
abatement

Mew energy-efficient thermal
|2,
DroCESsE8s

Mew water and chemical heat
technologies

9

Reduce exhaust requirements for | | |
tools

Ambient T" water deaning

LITHOGRAPHY

Sustainable equipment design

Alternate chemical design fo _
minimize emdronmental Impact

Abatement

Sustainable materials management

Design equipment for minimum
ENETJY use

Measure and balance energy

requirements for FOU T and
humidity controls

emiraomental conbel L [
environmental control

Mon-temperature and humidity
sensitive processing

I Fecearch Required [ Development Underway [ cualification/Pre-Production

Thi= legend indicates the ime during which research, development, and qualificationipre-producton should ba taking place for the solution.
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First Year of IC Production 1999 2002 2005 2008 2011 2014

FACTORY INTEGRATION

Optimize existing facilities equip. for
energy consumption

Develop ultra-efficient factory design
template

Recycle equipment exhaust

Recycle exhaust heat enargy

Implement high efficiency | | |
congenerationsystems

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

ASSEMBLY AND PACKAGING

Improved transfer molding process I:I:I
Lowino curing plasti e |

I Research Required ] Development Underway 1 Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification’pre-prodection should be taking place for the sclution.
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First Year of IC Production

1999 2002 2005 2008 2011 2014

ESH
Revise SEMI 52 and 58
INTERCONNECT

Copper plating tools that minimize
exposure to chemicals

FRONT END PROCESSING

Develop less flamable wet deck
materials

Implement wet deck fire protection
systemns

LITHOGRAPHY
Ergonomic design of equipment
Beam shielding
Fersonal protective equipment
Chemical monitors
Sustainable equipment, materials,

and processes that minimize impact
on worker health

I
___EN

%

I Foccarch Required

"1 pevelopment Underway [ cualification/Pre-Production

This legend indicates the time during which ressarch, development, and qualfication’pre-production should be taking placs for the salution
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First Year of IC Production

1999 2002 2005 2008 2011 2014

INTERCONNECT

Minimize quantity of rinsewater from

copper plating processes

Reduce water consumption in CMP
and post-CMP cleans processes
Water recycle for CMP and post
CMP

Develop CMP slurry recycling

Develop treatmeant method for Cu
CMP

Modeling to optimize CMP rinse
water use

Reuse post-CMP rinse water

FRONT END PROCESSING

Develop high efficiency chemica
rinsa/etch processes

Reduce H,O consumption by spin
cleaning

Develop high efficiency chemica
baths

Develop POU H,O recycling system

Develop high efficiency rinses

I Fioccarch Required

[ Development Underway [ cuslification/Pre-Producticn

Thiz legend indicates the time during which ressarch, developrment, and qualficationipre-production should be taking placs for the solution.
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First Year of IC Production

1999 2002 2005 2008 2011 2014

LITHOGRAPHY

Design efficient resist coat and
develop processes

Design novel patterning equipment
for efficient materials use

Recycle dilute waste streams
Design sustainable, high
performance patterning processes
Reduce resist and developer
consumption

Reclaim and reuse developer

FACTORY INTEGRATION

Develop water reclaim and recycle

ASSEMEBELY AND PACKAGING

Use of thermoplastics
Reduce plating bath chemical usage

Plating water optimization and
recycle technology

i

HH!

!

_ Reszearch Reqguired

Thiz legend indicates the time during which

52 ESH

: Development Undersay : Qualification/Pre-Preduction

ressarch, developrment, and qualification’pre-production should be taking place for the sclution.
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First Year of IC Production

1999 2002 2005 2008 2011 2014

LITHOGRAPHY

Design chemical for high
performance ESH

Radical alternatives

_ Resesarch Required

[/ Development Underway [ Qualification/Pre-Production

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