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Table ESH1b ESH Difficult Challenges—Long-term
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TR MBI HIL AT 2T AUE, =X —DOEEEEZ LY S FTREMEDL 5D, MEIKE KR
ANFAL CEBENSDIEE T EHZ 1T, 7V — 0 — BB T D2 LT g7 A DB~
RITEEND,

B TARIZ IS U DIAERIRIIRIZLL FCh D, (M7, Uy ESH #2850 CMP 7'a2 A (2 i£A7Y
—UH AT NEITAT)—DfE Y CMP) | PFC OV Ua By F 7 POU (ZLAHTF ¥/ 3—2Y
— =T ADYP AT I NG B EIRO T T R T F L TR IR moN— Y5 CVD & ALD Ty
I N—DISFEHITRL

Ja bR atzR

7 bR B AT ESH BRHEOEZE/RFLFIL, 7 —NEEIR, BE, SLER TR0 OHFEM, K
SRR (EITK) O, 1EZEBRFED T OYERRI S0 I FfERIEO B, X UMb O &
EBEEEM DA E I DT O 7 A b ThD, 65 nm BIL OO HAO7- b2 S s 8
MENE, ESH OB D+ 5370 F 2o I BLETThH S,

(L E " B B DT Dt BRI, BREEICHRIL TR SO/ DI MU E 28R Tz e
Thd,

KM ZI51T25 ESH OFEEIL, FrifeaHi, (b a0, KBLOPT X —DIHEETHD, £
T BT LB BN e i D720 DFF 358 TS, (BRSO &M 7= 12133 B &
ORI B9 DB UGES LU RITAURR D720,
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PERB IO e A CO(LEWE O &% faii{ b T2 NG D, REGE 7 oA (2L 20F
TR b, SR EAIES . B LS T AT E, A KA B 13 D filt:, A
BHIEO7-OITE LSV TUODRITIULZZRB2 0, TiEmO R b, 8L O a7 ae AHE O
iz T/ F UL 5720, KA A (HF/HCL, 38X O ORBRWE) Off FHEOHENNN FIAFILTODAY,
Z DT B ADERRM OV THRRHF LR T UEZ 5720,

RIVEEE (IRIRD = — AR SR, B L OEIREBMAKIC R DY = — e ) IR D =L — 1 &
DIRBZDFNZ DN TR DN B D, LONRAZRBRIKDARE, KOTEE BB, ZhERI720 2 AD
I H75 B ot ATRE Tl b ST K DO I B9 B ERIE AN D S TUND, IEAINEHED RIS EE Bl
DB DD, TAN T 2 — O HDIRIZ LD ALFE, K, BLOZ X —HEELHIET 2280
TED, MAFREEE DR TIL, 51X IEBIMLER, AN T%. BLOaRy M LA S - 22 a3k e
DIMBLTR D,

T AT DM ENIBIAEEIZ Czochralski (CZ) ffnaAEEL 1= VL «Ux— IV ara ol
X — (Bpi) A& RS/ 726D TH S, SOI (silicon-on-insulator, TVl A2 A=l —F) fEfbIL, 7'vtk
ADEIN D72 TH I EOFEREL T ALFEWESR =RV — D HEN 27250 T ESH OB DIL
HELWATREMED D, 450mm D REZRY = —/~NTlE, ZOREZSDZUTTVEZLDIFWE, = F/LF—, K
DSNBZI2 B8, EROBENZ LT =— RS20 (per em?) TRC, TOMHEE DR THIENEE
Thb,

s e AR FEMAA B O R E O BRL Tl MBS LU AUCHE T 2HERE K oy T 7 7 e R
O FIZEAL COMEBRMEEZ O THHE T DM 5D, R UH AR (Co, Ni, Z D) DfEEA K
WA 572912, EfrE BB LONE /e EE B R LA T 22 LB ELL 725, (L E O fE I,
AT AT LB O T AL W B T2 (N F IR0/ N b, MEEREE O H7eL) 2o TRk 7528
INTED, PEREAZEE , B OO BB 27 I (BEXULER) O = L — i &2 RAL ., fdbd
DI D,

BR& T G REBCAT LA W03 S e R A B O RIBE AR L L TIR RS AL CD, ZILH DM EHIE DRIE W)
ERIERFEMED DWTIRBEH DO fEIRMED DD 2 ZOHEHIEE, Z ORI Z I THRIENEET
5D, =t T ORI OB LR fEIRIEERRTIL . € DfERMEE R T A2 ENMETHD, 7
b AEENEYE O SHTEREL, KFEE (SiH4, B2H6, PH3. SbH3, AsH3 72&) . &g 7 /L /L O HICH
HChDH, SESERN—E LWL QRIET A G AT L& BRFE T DM DD, (T =—V 7
fire LT 7L — P — O E N 25 Fb D,

FIEBEET vo N =) == TR T T A< Ty T T PFC AT 57012, BRI e 20 i
LRI OHTAERZNRO M (7 0 A COERBGNER) MBI 5, BHIIZIX, PFC ZREIAERRDEL CHEH
L72V MBS PEC HARDOBAFE S EEL 70D, 7 — MR RN B DM B2 A2 L2 U, =y F 71
WAIEF I ES IRANZZEDY | ESH XS D5 B0 DUV T PR T D 28D M EEE 72 D,

7 bR AT ESH ICRUE T 272 DI BRI A > 7o 0 falb - 720§ 2R ELER, f1~7"=
A, PFC HEHL ATy F ARIRY 2 N—27)—=2 7 @RI A T RLF — RO W e Al
ERLTULKARETHD,

U777 4

V7 Z 742 HESHIZOWTE R D55, 3 D0 DGl 70 s, $70bb, DIV I T7 4B~ A
IEGEROACTFIE (7 4 MU AR, SORBAIEIE, %655 DAl =y o8 —XBREH, T — . BURIK, It
BHR AR N—) [ 2) T B REE (R v a—F— KEVAT L VI —var =TV 3) BdkE
(193n @ i ., EUV, A7 VR, EFE—L X HR AF B —25), R FlLnT e Tl T4
B OG- 2 25228, BRENZEAT Oo8IHOMNY, EO RN, (FEEE DR BMEROBBIZOWT, 28
EATORNCORD TR T DM ERH 5, BRI ES FARNRIRFELI A R4, S F— TR E
DNDB R XHREEIZ ETEET DEARRFIE DB D FREMD DD E Loh W & RED 2T T e bl
v,
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e

JM T4 BI O~ A7 REEAOLFEWEIIE OWEZ DL O LHEHIC L COESHFHMlALETHD, &
ZIX AT E DO, BRIV AT R AA N T —F | HERKIGRE (HAPs) | f#RMEAELAY
(VOCS) K OISR R EE (PBT) D352\ )y, AE L« A ([BHEEAE) o —F L 7 X
ZHUZHIERK =T ANy 7 EO T m A TOHIIET 26 DO EEND, ©)— DD EE/R BT
BUgR, —>F v b RKOHBH IR (Anti-reflective coating) , M UMEAAHEIERIL P ANZ & E15 PAG (Photo
Acid Generator) ® PFOS DREME DIEECTdhd,

IRV 777 4 HAOBRFIZEAL T, ESH CRIBEE/2D9DE DI H725 B 5L ChIFE IR RASFA BN
Do WRVY 7T 7 4HAME, Lo Ry = — EITEANT DHIRIRE LT, AR A2, 552 o2
T LTI, AIREDMERZ L, ZOT2OI =R PRSP VEITINZ T, BSH Ml B L7025, 2
3RO T EEITRD T )~ T U7 )V EAMD FEREMZINZ TR FFOME S L2 40b £72 ESH 2FlliA 4
Bl h,

VY757 47 e 2R E LU CESRS VA ARSI I LT A B EA~DOVEER ~DR
BOfRIA LN A/ NRICT 52 HAPs,VOCs,PBTs DHEHEHL, fERBEIEMI D i/ M., A& I FH DI
Y BANERILEDETOND, MATT TR~y F | Ty 7 OHEH, RIPEMORY, EHLLETH
Do

TAEE LU CREZR ARSI IR b E (T2 L 2 VTR Y O, dine, AF= L
F—~DOREBED REMEE R/ MU, EHT= LT —DiIMb., IANE# D D,

U757 4 DR BT S U QIR A E D ESH 71 A, £ ilRE/ LM E D . PFAS.
PFOA % & 2\ WIEOBFS AL P EREHOUGE, Bk, #rr e A3 R 154 (I, DFESH @
JFRIESFAZ ENRZET HID,

ADEZAEUV THEDIDY —AJRDO T /LF — 5 3L <720, ZOBGEIZHHER N EUV 2T /3 —
IZ HVM 777 O Cldfch =R/ ¥— %iﬁ%bfbi%@@@&ok&ofbiéo (Z772ED 25%LL F
DD, ) TR B —RJFDROHND, IEE OGBS Tl REY — VR 2R I T
AR TARARN 2% /ML SEMI @ S2, S8, S23 @w% FTANZET RETHD, BHL o TofiE
RFHHTE L QXEFR B O G NE DT DIBINT 1 A, i3 — = BRI E N T HD,
TR TVENR—T

Fo TR =N &T VT« F T =PI, GERDY —R 7L —LEE— VRO T TV r—
A INAREEEIRDIND, TR T Ve R — VR IIT D, ESH /37—~ U A% (] ESHE L3 LI

TETERN S 2RNY72 ESH (252 DB S8 T0D— 5T, 3D 2o —IEH L MBS A0 T 7 e
A LD B2, VEAN—ADOEL 2D, i, TV DT T AR—/V)ESH IZBEL RSBV E T,

o, ANl LRe NIVT LR T TFERR, RBERIRHAN 2 E DRI F LT v TVEIR—V D
MPEFCES Z 1%, N9 D ERRIRHEDE NI EHIRIZSHSNTWET, =X —HEEEHO T DIX
BIRCRERLS E R S HEBRIBRR L DT DI T,

FHERBRE AR O B E BT, 7' T VL o —V ORISR, RS D ATREMED
OO EEFER L& ThD; £ LT, nollow-curing plastics 77 AF v/ &85, 3D #:5D7-H D
B CHZHREED BV L —RFB NS | ZEOHAERIH I REZ2 S r — UM R Z & Th D,

AR
HEEURBRITE | T SO BT /A XD REIRI 725 & ESH IZHIT D, BrLWE AL, 2okt

! SEMI. S2—Environment, Health and Safety Guidelines for Semiconductor Manufacturing Equipment
SEMI S8—Safety Guidelines for Ergonomics Engineering of Semiconductor Equipment
SEMI S23 - Guide for Conservation of Energy, Utilities and Materials Used by Semiconductor Manufacturing Equipment
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LIXUIE T 7 A XORERS, 2@ bulk OFFEIZIEART, 2=— 7 TERMEOHDFHEEZFFOZ LT R HR
HENTWET, ZHHOiEWE, ESH BLRLEREL 2T IUTRE T o= — 72 Bl B 22 50 b L L
RN,

DI, ZO/NSNTFAZDFTLN MAEHZ I 5§97 ESH 22> he— V(iR E 7R & D) D 7
THE TR Db LN EE Ay TORER, FEROBABIRE TIZLLT O ESH EEEZE T <& THD:

® {EEET. BEEMOFRIEREE . B L OYMBEREEIZI51 5, nanomaterials 24 HH T&5, AR E=4—

Y—VEBATETDTL,

®  JIBE ORI RIS DT DY T T L O R, BT,

®  nanomaterials %7 {0 FEHEMIRREE CH NI ZFE FE A TH T8O DI YRR LR O R BE S,

® Bulk DFFELE/R D AIREMED &5, FHTL\ Y nanomaterials D E#ED BRAF,

nano- and biological materials ® ESH UAZ 7 EAA MO FNA, BiFEE A% 5T emerging research materials
DRI LfFER AL, Emerging Research Materials FA 2L TES0,

77T A

HEEYRPESENA D NE BSH O/ 37—~ AL TIGOFHE, T AL @i bifiEsd, 7 —7/VESHSIZ
Mgk T A A R —ar O — )V d, THORGFETY, #iEEFEEMOA AT 2— AL DPE
S BSH /87 4 —~ 2 AT 8% [ 9,

8 ATREZR 2 A BREE AT A, FIA, BLOF RO LI, 2R CE xR BNy 7 e —F
IR DTEA,

IO A H A2 AT HZ LY, start-up schedules DHIIHANTE, ZOFER, HEE 7 7 VT 11282
T DRI 7 TA Y DL RENH IR 55,

JRRITER 2 BRFIHA T - LT, B2 BRI E BB LT VA 2 B<SHER 22 i3, BREEE ORI
X ., start-up schedules ZHIJHL . TANDENDLHERLE TN TIHEZREFTHAITESTRAIRTHD,
300mm X° 450mm OV AKAPEIZIEWTE, KOVREWT mERIEE LD KRED(LFERY Y — A%
LT D EDDRHCEETHD,

AEMRRE, T far— L BEas br—L | SREEEEIZ OV TE, MRV E D EE L
TKRREIND,

BLEEEIC T B 7 VT ANEEZINZ T, JORESIAEMELEIT) RS THH D, TEEORRE, G HR
AlE, ESH 1@#A b, KGRAATOZEIZED | ESH /X7 4 —< U AN B start-up, AN CHESNLH THA
Vo BIT, HEERA, B, BEEE, B3I 281D ESH FEEROEME I T EE S THO 2T A7 2 A LB T
Feoy TR A BT 5T Th A,

EVDEEY AT LT a RAEE DA BT 2 — ADFEHEI T A AN—L DA I RIS R A
ARELTAT2AD,  ZORERENIL, KSR LSS AT DDT =L A BT 2 — ARG T, T AR
VAT A BRI RS BREIENT AT AR ART T— AhE DL DI D TH A,

o, FavREZOu— RNy T DMO I 2 NIKIET DA T A E A GRS D Z S OPE
EHRIEEA R gl AT U AN T A LN TEDIEAD,

PO TG CIE, THAR—F AT AT 2L SRR B LT U760, YRZ T E AR
U INHEAYGE LRGBS C— B L CHIH T 52 LIV BWM AT bS5 Th A9,

BB LEEE B DI R Z Y AV IR B L €, NSO R 27 I BRI A (RAE T 2 I YE I
S TP, ZIHDIEEE HART AL, BB AT A AL X T 2 — A THHGS N IEE, A AT 2—A
HIRE—R(LESNDRENR DD, B, THFHEEL AT NI, BRI 450mm 7=/ O R 7020, AL
SRR BB LT 7B,

PESE UKL CEPEE0HIR, HEHHIBEA B 2o TUNVA, A7 D T B3 HESCBEAE T30 ok B3 i 3
MARSCBUHERIAE T EEHE L2 23D @O T E o A BRI LT Z i H B IE A N2 £ L T 1<
RETHD, ZNSHDT I aNT7 a—r U TOIZRT UL D720, YRS TR ESH (k%
TED, HEADFEIRAZ S TR TOEBES T NE# T ~<EXHT & ThHD,
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THRRGHT, 7o REE A S LRIEY & B E NS Ao b — LDV AT LETEFRTHHD
ThHD, FEEO THHIEEI, Bk, EELONTU A% LSRR b7en, ZSR#E S N 17T A,
FRONTKRET RN —EIROWMI T DHETEYL, BRONVCEIROIEEIZL > TE)SNDE D THD,

EE L T % ESH O LEGRFIIRIT, FEEDT-DIZHERI > T LSz e —=2 7 7 a
T LB TRV T AT ENTED, HMIIZIE, Z0tE7 v a TRz HR e e T AHEIC
%t~ 7% computer-based training (CBT) 7 12277 ADOVERKIL FIHE T D,

72O KR AP0 TREEL O BT ASA LFEIE O B L RIRRIS, TN 1 MOS0 OEJROK, =%
NV — ALEWE) E EA IS5, ZOBTEREIIT T 2B AR RO mh= b0, B AL E
KDV AT T rv ZALUSD AR CTOFHMHAZMA SR Cllind 22 L8N TED, B HEOEIR
FIANHRIIRNIUGET HTENTED,

B RBGE A HE D KO R TEMAK (UPW) T, UPW DAEFEIZI IR ED L FIE D L EE 2T
B, UPW OfEHEHIN, @i B I Z I 2L DNFWE A HE 5 (EFEANEENINT5) . UPW 1HE S
I IBREER L EFEAND N 2 P2 Th A, @ EARKDV A7 N7 e ZLSND Fig~DIRSHE
KOFHHANEECTHD, KOBEREZATIE, PRI A7 VTR HEREL) A7V aANTRIRTES
THA),

T RLF RO IR T ERN B F TS OYRROHT T a2 fillR T 5, Y-8 ARA— T — RN F —
hRUGER IGEL T2 E 10 oM, ITEEIROHIFRITEE U Oz R Uk T 72, bolb RE
FORITFNRUGETHY , BZ2R 7 POU F7—, BHEE/ T — AT L RT — 5B E (213 RF =3
L—ZREEZ) ITRDHND, TRILF—=ZhRIY — )L ~DEERITHNZ T, 7V —2 ) — L TOWREBEDOENE
Tar/ AR T D2 U IR B A T AR VB — R D2 B T A LM TH D,

FROAVT- EPROFE B2 KA e/ NRIZ T 5T EE Y 7' T4 v — L 7 e AF i 285 — 7T,
T AT DD R ERE R~ R— U A N7 07T AOERIIRE R L 5.2 5 Th D, ZIbARK T 1
T LD =)L, EIREE i/ INS, Va—A VA7)V BRSO AR R RICUHEH B o T84 /E)
9 Z2EThD, ESH 707 750D EHELEE, 7 e 207 me 2SO FliE TOHROKOBEFI. &
IHERT RN — ik, LRSI AT L% aT, KO i BRI 23 ER S D,

THARA DR R T8 AR 5A O LEED JREFOEELERIRICH D, U, TR T—RHkE
DTG AT LA~DEAL UPWIH ATV 7 FDOBFEDY T VA A I, T4 OB THh D,

o AN 1 el A N Sl Y - o= g

7 ESH6 13, 8RR ETHE 7 v ABARIC R 22 TOTITIZ KA TRY, Figirlerts i, 7 vk
A, B, K OT7 7 VT 4 — OB TR T AL DA OV THERL TD, KUEZ kT 21 ki
KOMERERZ O CTHY | EARLE I fE SIS PFCs 728 OHERIEA LA ADHEHTZ 1Tl BBI1H
AL I bR FRDOPEH A D S5 2 MR BEH AN LB T D, 17— 7y b7V s (07
b ADHIERBRBE~D BB AREY) 13, LA DN—2 L DTA 7 A7)V THEHE S CO2 Lo Hukk
TR ADR B ERSNTEY, ZNERDSELEFN TERORH rTRElECid CTRECTHD, o
T, S E BT 82—« 7y NV NI A B T AN E R DD, NI, LSOV AT
DDI—Re Ty NT VN T BT AR T S A 2% T2 2 SRR A K T,

DFESH I3, $ifiakEHc ESH OEE A AR, N CUOKFHI WS HRETH D, UL, EER
HeptiBias B L 7= ESH MdA P FHM3 22 &2 ATREIC L, fESEIZ ESH (ZBHEL 7= A < 92823 C
&%, DFESH I, BUEEELMBIOBZE, Tk BEIMEEIROE L, £ TEN5HAY ESH 1J 8%
FAFE IR DOV T O R B A BR L TS, X, DFESH 1%, ELV Mliks,HhE. fuE AR L=
FFC, B ORE TRCHREEHFEIZIBW T, ESH H COUWEL KD IATrZ L2 AIREIZ L TLiLD,

BRI, TR R R B D e BRI RN CE A LD, ik, 3¢, L OO GHI R Z Bl D72
FAUT7en7euy,

2 | FFD-Leadershipin Energy and Environmental Efficient Desion
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Frge T HEMEL B TR A OHER ) — a2l IROBEARICh-» T, Bl sk 7 atx,
K OT 7T 4 —DEE S EDOUEZRIET 540 KEPIs DB & £ T 5,
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Table ESH2a

ESH Intrinsic Requirements—Near-term Years

Year of Prodction | o007 | 2008 | 2009 | 2010 | 2omt | o012 | o3 | oom4 | 201

I.  Chemicals and Materials Management Technology Requirements

Chemical risk assessments (environmental, health
and safety) defined and completed

100% 100%

ESH sk assesssment techniques for nano-materials
and nano-particles

Develop assessment
methodology.

Implement risk assessment methodology.

II.  Prooessand Equipment Technology Recuirements

Energy Consumption

Totalfabtooks (Whiam2) [2]

035030

Toolerergyusage  (%00f2005baseline)

Tool total equivalentenergy™ (%6 of 2007 baseline)

Water Consumption (civen by susiaineble growth and ocs)

Surface preparation UPW use (%6 of 2006 baseling)

Tool  UPWusage (%of 2005 baseling)

D

Chemical Consumption and Waste Reduction (diriven by ervironmental stiewardiship and ost)

Improvement in process chemical utilization (Yo of
2005 beseline)

Q0

&0

88| |38

Reduce PFC emission

10%absolue recucion from 1996 besgline by
2010asagreed by the World Semiconductor
Coundil (WSC)

Maintain 10%o absolute reduction from 1995 baseline

Liguidandsolicweste recction (%0 2007
besdline)

100 D0

a0

Worker andWorkplaoe Protection

Safety screening methodologies for new
technologies (eg., 450mm, EUV lithagraphy, ERM)

Developmethodologies

Implement methodologies.

lll._ Failties Technology Recirements

Energy Consumption

Total fabenergy usage (WWhom2)

1513

1311

E’;}lalfdaspportsystermenergywage(k\MVan)

0806

06-05

Reduce total fab energy usage (Yo of 2007 baseling)

Water Corsumption

Netieedwater e (iersom?) [2]

1210

Fab UPW e (lersam?) [7]

o

87

76

Chemical Consumptionand Waste Reduction

Reduce hazardous liouid waste by recyclefreuse™*
(%0f2007 beseline)

100 D0

Recuce solicweste by recyclelreuse™™ (% of 2007
besline)

100 D0

IV.  Sustainahility and Product Siewardship Requirements

Define ervironmental footprint metrics for process,
equipment facilities, and products; reduce from
baselineyear.

Define metricsand baseline.

D% ofbeseline

Integrate ESH priorities into the design process for
NEw Prooesses, equipment, fadilities, and products.

Define metricsand baseline.

Facilitate enc-otie disposalireclaim

Define metrics and baseline.
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Table ESH2b ESH Intrinsic Requirements—Long-term Years

Year of Production 016 | 20017 | 2018 | 2019 | 220 | 2021 | 202

I Chemicalsand Materials Management Technology Requirements

Chemical risk assessments (environmental, health and safety) defined and completed 100%

II.  Processand Equipment Technology Requiirements

Energy Consumption

Total fabtooks (KWhien’) [2] 0.25

Tool energy usage (KWh per wafer pass) Functional Area Goals TBD
Tool total equivalentencrgy™* (% ofbaseling) 50

Water Consumption (iven by susiaineble growth and ocs)

Surface preparation UPW use (liters per wafer pass)

Tool UPW usage (%o 0f2005 bascline)

Chemical Consumption and Waste Reduiction (driven by environmental stewardship and oost)

Improvement in process chemical utilization (%o 0f 2005 baseline) 50

ReducePFCerision
Reduce liquid and solid waste (%o of 2007 bescline) 50

Ml Fadilities Technology Recirements

Energy Consumption

Total fab energy usage (kWhicm2)

Total fab support systerns energy usage (KWhvent) [2]

Reducetotal fab energy usage (%o of 2007 baseline)

Water Consumption

Net foed wateruse (itersiont) [2]

Fab UPW use (fiters/en’) [2]

Chemical Consumptionand Waste Reduction

Reduce hazardous liquid waste by recycle/reuse™* (% 0f 2007 baseline)

Reduce solid waste by recycleteuse™ (% 0f 2007 bascline)

IV.  Sustainability and Product Siewardship Recuirements

Defineervironmental foofprintmetrics forprocess, equipment, flities, and products; reduce fombeseline year: 50% of baseline

Notesfor TableESH2aandb:

[1] CPIF=Chemical Properties Information Form

[Z] o perwater out

*asdefined by SEMI quickline S23
*Reryde=Re-keafiertreaiment
**Reuse=Useinsecondary application (ithout treatment)
**Reclaim=EBxtracing a useful comporentfromweste

Menucurablesolutionsexs, ardare being optimized

Manufadurable solutions areknoan
Interimsolutionsareknoan L 2
MarucreblesoluiorsareNOT knoan [
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Table ESH3a

Chemicals and Materials Management Technology Requirements—Near-term Years

The Environment, Safety, and Health OFHLF W EREY—/V  ((EFEHIRI AN 134 T4 TIZ7EN TS

HPEE 2007 \2008\2009\2010|2011\2012|2013\2014|2015
BoHRE T
B2 R (2 T "
Lows MB—AELA, CVD %%@JEEJZ%@%L‘E% %&% 315%0 ZiffE 11%02 ﬁ”ﬁg‘;@; @
SRR e Gk ;g% D FE B an0n o e - AR 90% SR - TR
(T | B SOl | (LA B
Y2 I I 5 LR e HRxZ 10% 1 H =2 1 o F %) 2R
WA ORI | S el | B IRS T | 100l HEL S T L
& BEIERON | BAESIOTN G RV ME.
VAR
T P R ONE > D 15%DH I 547 26T BEBHI
ESH WEZ I e ——
esh W cas | SEAEE | B EE S TR
: : ok (et gy | £ CEBIER | o e e ft
TR ST SRS A, T | e LO%IE | oy peps st 0961 E!%HM*** 1001
reavkmoniiel | PEETCHECES | v ae Trar: [EESUEIC SRR
s DR IME YR ME.
ESH WEEEE y R
3 i be | ESH Ltk Tcx5 W= - Yaie:
EsH pararess | SERISEME | e esn i RINEZIIRESY
OB GWP Dk, | £ BT | o ek (. I I L
HRARRc ) TR | g oo L0l RS L0%I Pﬁﬁﬁxb;f) 100 HEFF
CVD 9:'\77/%‘7”‘_‘:«‘/7(7%3;(\'\7) ﬁ‘iﬁk%o)aﬂﬁﬁ'ﬂﬁ g%ﬁgﬁfﬂz%@ ﬁgg%g?f{mh,I*Iﬁuﬁi (])}%/af{b ; TAE EE”EEEEEF@
/N N
A SR, . | ESH )X?@iﬂgﬁﬂ%ﬁ:b ESH U/<7(/)fm7] 2k
ESH U7 DN BRI L5 \ A W
) - fﬁz-ﬁﬁﬁ@;@m&za@) -
A e 10061 HERE T ggff%ﬂfﬁ i 1000
jl?SH{UX;@iE
I E YA AY:ii] -
ESH VA7 DEINE D
B 2T DI e (GWP e WP ;
P ik Ve e BraBOBRIEL. K ”?i%ﬁ’?/?/ SR Cn W o
13Dy it (AR RV SR SIEEROE SOV o) (L
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Chemicals and Materials Management Technology Requirements—Near-term Years
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Table ESH3b Chemicals and Materials Management Technology Requirements—Long-term Years
*The Environment, Saféty, and Health new chermical screening tool (Chemical Restrictions Table) i finked online
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Table ESH4a Process and Equipment Management Technology Requirements—Near-term Years
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Table ESH4a Process and Equipment Management Technology Requirements—Near-term Years
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Table ESH4b Process and Equipment Management Technology Requirements—Long-term Years
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Table ESH5a Facilities Energy and Water Optimization Technology Requirements—Near-term Years
YearofProckoion a7 | ae | aw [ aw | oam 2 o3 | oaou | s
Fadilites Design
Eoo-fiiendly facility Desilgn faciliies to minimize Meet a recognized standard for designing and rating a reduced
. environmental footprint and . . A
design impact environmental impact facility; e.g., LEED, Green Globes, etc.
Design forendofife Compre_hend and 'mp'e”.“em Meet a recognized standard for reduced environmental impact through
reuse potdent_lal re-use scenarios building re-use; e.g., LEED, etc.
uring facility design
Water
Total fab* water
consumption (fersnt) 14 125 1
(1]
Reduce total
Total stewater Establish consumption Reduce total consumption Reduce total consumption additional
consumptionreducion baseline 10% from additional 10% 10%
baseline levels
Tol UPW
consummption (ltersicr?) 8 7 6
(1]
UPW
recycledfeciaimed™* 70 75 80
(%oofuse)
Energy (electriciy, natral ges etc)
Total fab™* energy
consumption (KWhper 1.9 16 1.35
an)[1]
Reduce total
Total siteenergy Establish consumption Reduce total consumption Reduce total consumption additional
consumptionreduction baseline 10% from additional 10% 10%
baseline levels
el (2! r_ejection f_rom Reduce heat rejection from process
Cleanroomthermal E . . process and ancillary equipment . .
stablish baseline o cleanroom air by 15% from and ancﬂlary equr_nent to
baseline cleanroom air by additional 15%
Waste
Nonhezardous solid
wase(eperand)[1] 50 45 40
Hazardous waste (gper
ad)1] 6 5 4
AirEmissiors
. -_ M.a).(imi.ze DRE while Maximize DRE while minimizing
Exhaustand abaterment Baseline DRE and utilities minimizing resource . "
optimization (exhaust, natural gas, etc.). consumption by 10% from resource consumption b.y additional
’ ’ baseline. 10% from baseline.
Voltie Organic
Compounds(VOCs)(g 0.1 0.08 0.075
peran?)[1]
10% absolute reduction from 1995
P&ﬂclgmm baseline by 2010 as agreed to by the Maintain 10% absolute reduction from 1995 baseline
World Semiconductor Council (WSC)

Meruiourebesoliorseds andarebeing optimized
Manécirebesobionsaeknoan
neimsolforsarekoan
MarnuécurebesolionsaeNOTKoan
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Table ESH5b Facilities Energy and Water Optimization Technology Requirements—Long-term Years
Year of Procuction 2016 2017 2018 2019 220 221 02
Fadilities Desig
. . Meet a recognized standard for designing and rating a reduced environmental impact facility; e.g.,
Foo friendly ity design LEED, Green Globes, etc.
Desion frendoflibouse Meet a recognized standard for reduced environer;ental impact through building re-use; e.g., LEED,
Weter
Total fab™ waterconsumption 10 9
(lesen)[1]
Tdal] Stewater X Reduce total consumption by additional 10% Reduce total consumption by additional 10%
Total UPW consumption 5 55
(liersnt) 1] '
[ ]P“Im ded’redalrmd ek
o 85 90
ofuse)
Enery (electricty, nefural ges etc)
Total fab™ energy consumption 12 11
(kWhperant)[1] ) '
Tdal] Sleengy ' Reduce total consumption by additional 5% Reduce total consumption by additional 5%
al thermel NEER e G EE N T [IEE2Es G Reduce heat rejection from process and ancillary
fenagemert ancilary e BEEETM 1] equipment to cleanroom air by additional 15%
additional 15%
Wease
Nonhazardous solid waste (g per
30 25
an)[1]
Hazadous waste (gperant)[1] 35 3
AirEmissiors
Exhaustand abaterment Maximize DRE while minimizing resource Maximize DRE while minimizing resource
optimization consumption by additional 10% from baseline consumption by additional 10% from baseline
Volatile Organic Compounds
0.07 0.065
(VOCy)(gperen)[1]
Perfluorocompounds (PRCs) Maintain 10% absolute reduction from 1995 baseline

Notes for Table ESH5a and b:

*Fab = manufacturing space + support systems

**Recycle = Re-use after treatment

**Reuse = Use in secondary application (without treatment)

**Reclaim = Extracting a useful component from waste

[1] cm2 per wafer out
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Table ESH6 Sustainability and Product Stewardship Technology Requirements
APET 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
TaF A D
BH%E. BREE~DT7 b
FEearEes | ) R ig@@i/l\7)/l\ B IR~ D RE F/MET 572D DJFH), 7 a2 LU
fbshi-fstms B2 i
DS
BB 7y 7Y | RO SO T,
o i | PRI VDB
EERBREIMEREIE | R—ATA L i 100 . _
=71 | (KEPIs) *DB%EE S | 235 KEPIS*% 10% gﬁb%ﬁklmé ﬁ?%d@fﬁl‘ KEPIs* %32 10%i
—ATAL DT Wb - ”
EHS 755G+
FHRBRBEMEREEE | N—AT AL L . PR -
- (KEPE) *TEE | 75 KEPISE 10% | K0S 107 G S I e
—ATAL DS 2 el s
TFFEBHRE DIEF IR NBEE T ESH ORI DU TO FHIDFE (B LS USRS LD R
N—=RF AL . o PO -
LEA B | 2 KEPIsE 10% | KE0S 107 N O Y
. (KEPIs) *D B~ | b - O
— AT AL DR A L EHERSICBE 95 ESH S22 DRV MY o e s
B2 FHINE72 7 aE ASD /NG H AL TR
HFEBHBE DFER T HANBE T ESH ORIV TO RHIOFHIE (7 2 A i SHLEIRE D R A
THRAREH
7% ESH US| & B IO THORE, BIZIE LEED™ZHT 2 ESH s FHOTART A2 FFikinis JOEHEDF A
gV ey
JSBDRRIRIFE | BN BT i -~
(SRR | e | SUPEOISRET SRORSEIRD | o wicgratamoms sows
YRR | VA OFMREFE -
LEEORF AL
(SRR LTS | iR A DT D7 e AR L OHEEE D% F
BRI

*KEPIs = Key Environmental Performance Indicators such as energy and water consumption, product content, human toxicity, ozone depletion,

global warming potential, photochemical oxidation potential, resource depletion potential, etc.

** LEED = Leadership in Energy and Environmental Design (a U.S. "Green Building" rating system)

FRIR SRR

MR FEMIZ ESHL, 2, BEL O3 12, {EFEWE LREL T ate X LEEE, BXOFEEIC DWW TENE

TR S Cub, #ITIE ESH,

Bk, 7ur b R7avR, UV TI77 0 ThRUT U ERyr

— V7 B LU, FEEL 77 7 R Y — A VTS Ly 2 A TR SR S h

T2, LInLRid b, TN ENOSEHII T 2 EA OMERFBAN T ERL o O

SHAAN BT

W5, IR 7 v A3 T ORI THELE X D 5EIIC S L S RRRERT CTH Y . FOREER, (LW
H L EIROMEE DO %18 L C ESH OFRE & 72 D,
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 | 2023
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm

ESH
Key Environmental
Performance Indicators
(KEPI) development

Nanomaterial risk
assessment methodology
and tools development

Conventional material risk
assessment
implementation and use

Nanomaterial risk
assessment
implementation and use

Biochip development for
rapid toxicity testing

Biological materials ESH
risk assessment and tools

INTERCONNECT

Integrate key environmental
performance indicators into
materials selection

Alternative low-ESH impact

processes for planarization _

and deposition

Additive processing

Alternative 3-D deep silicon
etching processes with
reduced global warming
impact

Point-of-use chamber clean
gas recycle

Low cost, high efficiency
plasma etch emission
abatement

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

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

Figure ESH1 Potential Solutions for ESH: Chemicals and Materials Management
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 | 2023
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm

Front End Processes
Integrate key
environmental
performance indicators
into materials selection

Additive processing

Alternative surface
preparation methods
with dilute chemistries
and increased chemical
utilization

Low cost, high
performance plasma f
etch emission

abatement

Lithography
Integrate key
environmental
performance indicators
into process development

Additive processing

Low energy EUV source
development

Non-PFOS / PFAS /
PFOA PAGs and ARCs

Imprint patterning for
advanced technology
nodes

Assembly & Packaging
Integrate key
environmental
performance indicators
into materials selection

Elimination of potentially
restricted materials

Emerging Research Materials
Integrate key
environmental
performance indicators
into materials selection

Establish rapid ESH risk
assessment techniques for _

nano-materials

Il Rescarch 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.

Figure ESH1 Potential Solutions for ESH: Chemicals and Materials Management (continued)
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 | 2023
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm

INTERCONNECT
Implement key
environmental performance
indicators development

Additive processing

Slurry-less CMP

Reduced volume process
chambers for CVD and ALD

Predictive plasma emission
models

Water reclaim/recycle for
CMP and post-CMP
cleaning

Slurry recycle for CMP

Alternative low-energy
plasma systems

Low-temperature wafer
cleaning

Fine feature laser driling for
3-D interconnect

Etch processes that do not
emit PFCs

FRONT END PROCESSES
Implement key
environmental performance
indicators

Additive Processing

Low temperature wafer
cleaning

New energy-efficient thermal
processes

Etch processes that do not
emit PFCs

High efficiency rinses

I Resecarch Required [ Development Underway [ Qualification/Pre-Production

RS continuous Improvement

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

Figure ESH2 Potential Solutions for ESH: Processes and Equipment Management
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 | 2023
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm

LITHOGRAPHY i |
Implement key environmental 1 1
performance indicators
development

Additive processing

Energy efficient EUV source

Novel patterning equipment
and processes for efficient
material use (e.g. ink print
dispense, imprint)

Recycle, re-use, reclaim
waste streams (resist, EBR,
ARC, and developer)

Energy efficient design for
environmental control

ASSEMBLY & PACKAGING

Implement key
environmental performance
indicators

Improved transfer molding
process

Low/No-curing plastic

Fine feature laser drilling for
3-D Interconnect

Recyclable packaging
materials

EMERGING RESEARCH
MATERIALS
Implement key
environmental performance
indicators

NEW EQUIPMENT

Implement key
environmental performance
indicators

Design for end-of-life

Remove process heat with
cooling water

I Research Required [ 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.

Figure ESH2 Potential Solutions for ESH: Processes and Equipment Management (continued)
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 | 2023
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11lnm

ENVIRONMENT, SAFETY &
HEALTH
Establish program to
integrate end-of-life
requirements (re-use,
reclaim, recycle) for spares
and consumables

INTERCONNECT
Alternative technology for
flouride removal from waste
water

Cu recovery from dilute
waste streams

Centralized PFC destruction
technology

FRONT END PROCESSES
POU recycle/reuse/reclaim
of liquid wastes

LITHOGRAPHY
Efficient zeolyte for rotor/
concentrator abatement
devices

TMAH re-use/reclaim

FACTORY INTEGRATION

Develop and implement key
environmental performance
indicators

Development of novel water
reclaim, reuse, recycle

Real-time, on-line, speciating
sensors for UPW recycle

Optimization of facilities
equipment for reduced
energy consumption

Integrate idle mode into
facilities systems

Development and
implementation of
semiconductor specific
LEED or equipment
standard

Increase cleanroom
operating temperature/
dewpoint

Il Research Required

[ Development Underway [ Qualification/Pre-Production

RS cContinuous Improvement

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

Figure ESH3

Potential Solutions for ESH: Facilities
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