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QHEF/ B2 4 (R COMBEA R EL . TIDT7 7T 511,
@V, FEP. B, A&P. FI. ERM & ESH & DA~ 75479,
()7 AIZKEY 7T Ao TS ERE SIS (7 A 19 H—20 H)
2004 HEDOT T T = NEOREEATO, L FO/INGGTZATOZEIC LT, 4 AIRDTZHARIZHALT 7
a7 T MEL1E 2005 (2T T Az Lo T,
(DESH AN Z77 4 AL LT TIL I 2 L TQOHIE HIEERS (Table102a Z2H8)
@DESH (Design for ESH) Dk
AVEE DY A7 FAM KL OV LCA I[ZEAL T, BEH ) 2—ar s
THYE O BN A SR AR T
A DBRBE~ XA N AT A IS TELO T, IR FETE TN EL,
BT RILX— & KD
« TRLF— R ESREIODO A 50:50 —  40:60 (225 (Table102 ZHR)
<K B REL (Table102&105 ZHR)
DS F (Table103)
BT — LRSIV TCWNAD T, R— U N —T7 7 —F U U 27 AR A BRI
HEL, F— XU MOECREIHD EFA T T,
-High-k ¥/ L L CTERD_EIF TS Ni & Pb DB (&I 12 H D3 THVE)

Table 102a ESH Intrinsic Requirements—Near-term

Year of Production 2003 | 2004 2005 2006 | 2007 | 2008 | 2009 DRIVER
Technology Node hp90 hp65
WAS |Dram ' Pitch (nm) 100 90 80 70 65 57 50
IS |Leaveasis
Chemicals, Materials, and Equipment Management Technology Requirements
Assessment of Chemical and By-product Properties
Data accumulation Data Matrix Agreed New restrictions
WAS upon data
matrix
Chemical Global
IS |Chemical Data Tool Properties | Chem. Data
Form Form
. I
New chemicals 50% of data per 00% of data pe New processes
(include by-product materials) chemical two years o 3 0
WAS after market
introduction od 0
New processes
IS |New chemical data availability 100% of data two years after market introduction

Resource Conservation Technology Requirements

Energy Consumption Sustainable growth
and cost
WAS 0.5-0.7 0.4-0.5
IS |Total Fab tools (KWh/cm2) [3] 0.4-0.55 0.3-0.4
WAS 0.5-0.7 0.4-0.5
IS | Total Fab support systems (kWh/cm2) [3] 0.6-0.85 0.5-0.6
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Table 102a  ESH Intrinsic Requirements—Near-term  (Ftx)
Water Consumption Sustainable growth
Tabl
and cost
e
WAS | _Net feed water use (liters/cm2) 8-10 8-10
105a
IS Net feed water use (liters/cm2) [3] 8-10 8-10
Reso
WAS | _Fab UPW use (liters/cm2 57 4-6 urce
IS Fab UPW use (liters/cm2) [3] 57 4-6 Cons
WAS Wet bench UPW use (liters/300 mm—wafer pass) 53 42 ervat
- ion
IS Wet bench UPW use (liters/300 mm—wafer pass) 53 42
Tech

nology Requirements—Near-term

Factory Integration

2
llNAS Net feed water use (liters/cm )

Deletd i 2

WAS |Fab UPW use (liters/cm )

- T
Eeletﬁi_l:ab-U{lW—use-(-l-i%ers#em )

Wet bench UPW use (liters/300 mm

WAS wafer pass) 53 g2 |
IDeIete \le by h 1 T'D"X it 300 53 42 | I
N e e Oy U A ]
Table 103a Chemicals, Materials and Equipment Management Technology Requirements—Near-term

Front end Processes

High- materials Minimum
emission/waste

processes

Lowest ESH impact high-
materials

ESH benign
processes

ESH
characterization of
deposition, etch,

WAS

Low-hazard deposition,

etch, and cleans
processes

ESH benign processes

Lowest hazard metal
compounds

Transistor performance
and device development

ESH benign
processes

characterization of
deposition, etch,
and cleans
processes

and cleans High- materials without
processes potentially
toxic/bioaccumulative
metals (Pb, Ni)
High- materials P
.er.umum Lowest ESH impact high-
emission/waste .
materials
processes
Low-hazard deposition,
etch, and cleans
IS ESH

processes

ESH benign processes

High- materials without

potentially

toxic/bioaccumulative

metals

Transistor performance
and device development
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Table 103a Chemicals, Materials and Equipment Management Technology Requirements—Near-term  (F5¢X)
Doping Reduced usage of

high pressure dopant Safe delivery of dopants (zero ESH impact)

delivery systems

ESH
WAS
characterization of

new doping Lowest hazard dopant materials and processes

materials and

processes

Doping (Implantation & Diffusion) Reduced-usageof
IS high pressure dopant

ESH
characterization of
new doping Lowest hazard dopant materials and processes

materials and

processes

() FRIZHAR U ChfESh - ERRESIC 211 A30 H—12 H 1 H)

LE~DOEBEBNNT JEITA A 73—4 N2 THHT, 2 AD SIA A X—)NERETHIL, fhod WG ED
IaAI)y Miggga A To70,  BARIITIE 2005 OUGTICANT TF 7 /ey — 7 —RICRHIG LT & Hfr 3 Cojive
& ESH DORFEA T (450mm XA 31e) 21To7-, 4% Thrust Tech. Matrix (R-S—DFR) DFLAZ R ITWG
(HHET D LIRS, VAT N To72 ITTWG MK A CTh D,

EWNIEENEL T T QWD FI(TZ 77N — AT 7 L —ay) D raAhy NI BWTEEET A TO B2 0%
BRAHEEL Q< BT ESH O LERHfHTZLL FORIZEED T,

ESHIEH HIFEXTR BERER AR
HhERERR LISk | PFCH R (77858 BHHE. T IHIWMEER O VTEHE 0 L IREEE
PFC/HAPSIE H- #reS. TR, BIEROHEE
co2 BEXMETRIL— BIFHEREL T, BRI bR A
Hii -3
RIEEMhIER | BENME KEATKRADEEE PRTROEIBIFYELEHLETHT
O - SEEMEY | KROKBADHHE WEE
=1
HFCEE/KANEE) HoKkE
Nox. Sox
BRRE 2B OESFIA | [EMEL LR, fiVKE | <T)7ILI0—DIEELCA
3R RS Y)WV FADIVERT )T IV )AL
~NEGHL
RENTIREERET | EAMTTTANTRT | KR, S1ENTNTH (BT EEFEROFERENEES
{fi(Life Cycle R ® FECHAIER D
Assessment:LCA)
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Template for Cross-Thrust Mapping

Technology Thrust
Year 2004 2007 2010 2013
Categories Technology Driver* Issues Potential Solutions hp90 hp65 hp45 hp32 |

a) Chemical, Materials & Equipment Management
- New Chemical Assessment

- need for quality rapid assessment methodologies
- Chemical Data Collection
- Chemical Reduction
- replacement of hazardous materials
- reducing chemical quantity requirements
- Environemnt Management
- systems to address disposal of equipment & process residues

b) Resource Conservation

- Natrual Resource Conservation (Energy, Water)
- implement known energy and water use reduction solutions
- design energy/water efficient tools

- Chemical and Material Use
- more efficient chemicals utilization

- Resource Recycling

- Sustainable Growth

c) Workplace Protection
- Equipment Safety
-ergonomic and safe design
-minimize ergonomc stressors during maintenance
- Chemical Exposure Protection
- increase ESH knowledge of chemicals, materials, byproducts
- design out potential for exposure and need for PPE

d) Climate Change Mitigation
- Reduce Energy Use of Process Equipment
- Reduce Energy Use of Facility Systems
- Reduce High Global Warming Potential Chemical Emissions

e) Design for Environment, Safety and Health (DFESH)
- Evaluate and Quantify ESH Impact
- need integrated methodology
- need to make ESH a design parameter

11-3 ENTEE

11-1 FOIEBEV I ZFELT- I, TN BT T- TV D LCA {HENE 2004 2>5HBH4EL 72 FIWG EDZ7 A%k
TREhD —ONT/REREICHDN, Z70AD y NEEIORFIZ OV TIE, FIWG 2355 FED THRIESNDZ ST~ T
WBDT, EFEL T, 22 TlE LCA FEEIDAERE STRI 74 —F LDOREEEE WV CRIF2Z 81295,

1) LCA IEFBIDO#GE (0 — R~ o 7NN~ TGRS TR Eh 8

EIPTEEE L CHEERREE C 36T DB AT ORI BN 2001 FEZA TV, ZD7eHDr—R~y 7 % ERkL
7o AL ZOEEENT Y — U T NETHS THOIZ LA IR TRe— R~y 7 B ERRL 72203, BIfE,
[FC JEITA NOBRBELAZRE RO T2 LCA WG TAEEIE kL T 1o T D,

1 —R o T AR LT AL 2 R —D— )03 > TEEIL T2, BITETIEHTLO AL S —| 25 [ & TIE
BOREF S IL > TETCND,  FFEBEEO FIZERER., (EFE. PFC HEHHTE WG 23&0, £ Dk
SR IDFHILTCNDEV) ST LCA IEENEA 7O _ETOAL 7 TH3 ST,

HEERBIED TR SN Tl BHECH D720, TN E T A MROBRBE AT DR D
LCA il RS > T3 B 7 o e A HEEL T, ZHUTHEAD - EFYEHED LCA a2 R 5241
Fo T, MZERDBLRIEZ HEIIT, B2 DEZETOARVEER TR IRBERL 52 8% FIRE LT,
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BESFEROO—FTYF2001FE/OR Y MNEEIEHIIIE)

YEAR OF PRODUCTION

2001 2002 2003

2004 2005 2006 2007

DRAM 1/2 PITCH (nm)

130 115 100

90 80 10 65

1.

SBHAREO—FTYTDER

HORPY
LES)

2. REEDERERE

RITHBOFHIEY LT DB JEITAREZEEL WG =AY SN
PEETOER AT Sy | D0 FEP INTERCONNECT | orum  mommer iy —sun s in s
W D)7 —BA— R e 2O EEE
EEMETNLRo0—DER BiEARARTVIOYILERLEE=-0H0
DRAM LOGIC SoC EFIINTaERT7A—DIER
e O ST 7a— LTRICEAD | w77 Lo0—BOHER
AL /2 hORFE- Sk FRBRETO LR
S R brs YN L
= o=+ s = VIO (BEMATAERES 12— LR ME
RERFARTY L LOHA s DEBEFART S )L O
B S AT S L DIER ﬁg‘g‘;’g’f“ B AR 0 L DER DR

JEITA LCA WGSEEhEHHE

Step 1 Step 2 Step 3
2002471 20034E7 A 2004471
gﬁ Fﬂﬁ ~ ~ ~
200346 A 200446 A 20054E6 A
- hERDLCASRE - AY'y4LSI(180nm)D
BEE LCAERT _
LC/:: waon | (BBIEEEH) AT o . HEALCADIES
MYEH | - LoAyIMII7EE - (EEMET -4A-R
HEE
« LCAN1MIM1VETE
I - EAHT . L?Af Ah 54’1(:—%
iy DF - #i&81E(LCIA) HKEREERIEE
[ P=Frii- (5
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JEITA
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2) LCA BNz T R E2E (R B IR S T2 7 RDIBIEEL T —Z N —ZADAERL)

BT R AT LD > TA XU N —F =2 D A2 U TUTE ZhofAs biF e U CREEAROFE %
T 5720, HHDY 7Ny =7 L2 ORART 07T LSZAET | Felidrey 7 N7 = T ORENNA] R ET2 T, F
T ARG E TRECHE T A EMED LI T AD T —H X — 2 (R ECHEHE DREE TRIZBITS
BB A AT D7 DL/ DT —2) DSV TR LT, MBIER T 20BN T b7z, LLED
WA N T A B R TEAMEEL T, GaBid (BEELT MR GaBi3, BifElE GaBis (27> 7 7L —REi
TWD) YT T VTN T 0l T IMERICEEA L Tea s VAR, T — S _— AR ] (Bt PE 238
AV D Stuttgart KF-EHHEL THLLT —F_X—2%AFRl T& D) 242U TED PE-Asia (R) R E LT,

RS T 0 2D TR 0—4 50l 5D LI-Y 7 =7 LT, GaBi3 281 3 DDV 7 =TT
BOIATR, ZD 3 D% R TR FECOMOZERE BFEL T GaBi (ZIRELTZDN, ZDPDFL, 6 D
DOPEECHREE TRA TGN C& . AJIDBHEDREWZT TR AT — 2 OBGREDESSIZHD,

g8 == _
LCAY D I‘@ITO)JEIE ) EEREDversion TRoEL
Umberto (IUE) Gabi3 ver.2.4 (Pe-ASIA) LCA Support ver.3 (NEC)
- & EEE A L ST - S DLCA
LCAREEE | -BHDLCA -8 SR ERM DIRE R T
«IAN'IVAR,IATI(YIVY, HBHOHB~NDFE ST

AR -BALITFARX

ABARX | a4 HAHRHLI=TEI0— (A
YMT =3 TTIZ/-hH A

-fEHEFHR
- EHENRAD

DB FEERTES
(F—4A'=2) | -9007°0FR | F—4A"—RigEE 15358 LTy
BEADEL
SFMEIEE | - #&HIBR (CO,Nox, Sox, GWP, - FEHIR
JAME)
1-%12k3b | -HIRE - Al §E
DB3E N
Y7bo7fltE | 1505 M 8075 M (DBA)
AR5E=4E | - 8415007 (Infinion) EsEL
-E N6 (B H A -h11t) - ElN200%t (B#EF+—D)
64MDRAM | -54{LZEME R, 14 EDDBHY S HRESHILITOWEL
7°'0kA hyb47

*0S:Windows 98,2000, XP,NT
NYaVIRE | -CPU:Pentium 133MHzELE
= }£1)>128MB,HD >300MB

=0S:Windows 98,2000,XP,NT
=CPU: Pentium 200MHzEL E
= #%1>64MB,HD > 15MB
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ILEEME T —IR—XBE

- B (B JRe) 2018

D - h'A 267E%H

- £F 45888

5 3

- G (A ) 127858

D - 'R 10F&5E

e AL EE TR L

AY'yHLSI (180nm) MiE TR T
ERTHIEFMEDIRLEL

TN -2IBE
l
AYNNEFIR (EFHER)

3)LCA %7\0)7‘:&)@#é%{zl:%ﬁ““ﬁj’utx@i%ﬁa’waw — T —2DNSIIE

BT WG DUARTPHEAREGELLE D ROET A TR T 5301 — CEEARARIZT T 2550, HEX
HUK, RIA=T — flok, B2EOREEAMNS B Te) Z7Hl T 2BRICH 2 0.18um 7 rEADR //&J%)i(éI-Z
DA%, DRAM Hﬁ?ﬁ%ﬁﬁﬁéﬂh) AT AL L, ZOTaRAITRS TN —F — &% AT
DERT, A IR TSN D ROEEE CEEES SO T2 2= L — O M Bl ARG L
ZOHEER T O TR FSAE A S EL Tl A28 d s TR TR T =L —<°
MBI B LB RS CHARTAZENTED, YIMIAN LT =43, 7o—KIZE DI s
DO T8 | REDVERAHEEDFIE , ZDYiHEE LT 2 TRA G 7 m e AT Y 2 —/L GEARIZY
VDO—TRZ Gt e—EEV DT B R ANEHET T ADEE 22 DFY 2— LIRS TND) D7 —[X,
BIIAREY 22— NV E GO TY 2 — V)OS VARG AT LFA(FEOL) D7 21— /3 TR,

B, ZOBRRRT TRRD BT 2 — VAR [RIGETT AR OIR ZE AT AD PRI BT D5 R A BB TR
7
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O<ow4LSINLCA

(MAFETAER 0. 18um-OYv%-FO+X (JEITAIZ#E O+ X)
FETRY: 208
ERiRies : o
H$EWRE® - 2BF%/A

(2) xtEREnH YT \WIITSURHEHT)EBIZ220FED 1—)LIC
RAL. FIIZEENAHETREICIRILE—OERD
BALTEYOHHENERTES,

EEXpIC, $BEAROHESAVATUESh TS EEIE
TARTRYRADH, FEHFTOMBEETHR S
AOEEFIHRBEANETZECEH>TEDHEDKY
AAHEED,

(B)ERAYVIH GaBi4 (PE—Asiaf)
20—Fr—rDERRUINIZRI-ANBRBEZTHY.
FEFEEDLCAICRBEEHIBLT-,

(4) ERRAU BEHTOERATOREL—BOTOEREE(IHIELT
BHENABSBICHERLSIZT R, FBETEILSIC
HARSA1ELT %,

0.18um Logic Process

ETERF)VIRICH>T22ED2—VIZHE. EED1—/LIIOBEO IR THEEEINS,
LCAEIX. HE 21— E. O IEEICEMTE. ChoZRELT2HRENRTLND,

1. Active
2. N-well TRV (L) . Zei%-HBk(C) . 42T (1) SLE(T)
3. P-well CVD(D) . R/8y4—(8S) . FSA4ITvF 45 (E).
4. Gate CMP(P). 7yl 4 (A) DA EDHE
FEOL 5 N-LDD
6. P-LDD
7 N+S/D TRIEE 8
8. P+S/D
9. Contact
1?: :,";t".‘l' 1 - FEOLEFHEIZOTIEDHASHE
1:2' Metal 2 FR4RE1 (TR9. 10) L4, B2 (TH11. 12)
BEOL 19 Via5 ] MHERER6(19, 20)FTRER—IRDEYRL
20. Metal 6
21. Pad
22. BG TR 128 (VSwFA1#0
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IRILF—PEROEEIE~DEVIRYAECGEEIEDIES)
IRLF—&ER 27)T4 HEEE JOo+x
HI—/\

o M T } :

FSAT7— ; | _
i I ' |

%

v

N2 THE1

13

#K | s :
t

AKX iR

HkanE B

| E— l _

LCAYI7rGaBi4D TIEIJO—K GEFEBLAIL)
C001 - SC1 Megasonic  p s TIRDEBEEFPILELI-TTYUFILZO0—H

PARAMETER:

- data reference period [month] (This is NOT used in calcualtion, but the operator should enter it as .)

- number of wafers processed per reference period [peice/month]

- amount of cleaning solutions used for the reference period [L]

- process power consumption per wafer [kWh] for “one” process [kWh]

- ratio of purchased chemical supply to the supply returned to the supplier unused (e.g. left unused at the bottom of the supply tanks)
- yield factor for each segment of the process

- process flow control parameter (0: skip; 1: one time through; > 1: multiple)

icoo1 - sc1  p X g
H

H f L, o Lt
EMegasamc H JP:Power grid mix :éﬁ
0 kg
JP: Hydrogen ey 02 Pl = - —
peroxide (high purity, 30%) 0 kg supply/purchase 0 kg JEITA Conditioned
B N ¢ circulating air
0 kg
. ) t gt . e . .
Ammonia hydroxide ;3¢ I NH4OH L JEITA Conditioned outer
(30%) XXX 0 ke supply/purchase 0 kg o
PP R—
0 kg
. 3 “JEITA Cooling water S
JEITA DI Water p =Y R [ —— &3
Production on site e 0 kg
"JEITA Dried air ="
PP I—
0 kg
“JEITA Vacuum =
[P R—
0 kg
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FEOL1 Activation and isolation

G170 o b LCAY7hrGaBi4D IEE7O—K (FOEALAN)L)

FATCARDEHERT
10001 - SG1 pX o002 - Ui/ 10001 -SC1 pX| {0004 - P
hr—— ) H2SO4-H202/HF/SCI 1= Thermel | ’ [
/SC2 (Preclean) oM oxidation omJ
b e 40379 MJ 40001 MJ 3491 MJ 40785 MJ ! 10001 10

tE002 - pX|
—— Nitride etching
omJ

D001 -LP  pX| a2 =Y [

VD Si3N4 YT Y

{E001 ~ Oxide etching pX

£A001 - Ashing pX
omJ oM
14485 MJ 14847 M ' 40291 MJ

{
ic002 - pX[-]} $c003 - P
H2S04-H202/| I'F/SO;—, H2S04/H202

1/809 (Braclesn) {0 MJ _ (Pactelean)

i7001/2/3001 p
— Thermal oxidation

iD008001 -~ pX|
HDP CVD Si02 w
omJ chamber cleaning

T i P001 -CMP  pX| 1007 - Post  pX| 0004 - pXEY £C008 - Nitride p X
Densification (02/N2) ! Si02/W CMP Si02/W ov0? HEU51/SC1/SC2 gy strip(HaPO4)
]2 m 41255 w) 34833 MJ 40785 MJ 59019 MJ
147.93 MJ
"Power distribution &%'
GaBi 4 7O+RF52: Energy (net caorific value)
HEATOCROBHERT

LCAY7rGaBi4dD ITFE7A—X(FAERETS1—/LLA)L)

{FEOL1 Activation and X
fisolation

{FEOL2 N-Well {FEOL3 P-Well {FEOL4 Gate

—

143.66 MJ  frea2tmy

iFEOL6 P-LDD

335.87 MJ

!
{FEOL8 P+S/D

a

356.52 MJ

"Power distribution L
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IRIEA @G FEOLOR LIEM D LLES

2 GaBi disgramFEOL1 Activation and isolation = &Qutputs

[ @ i o /= ——] [ S| 8 2

GaBi diagram:FEOL1 Activation and isolation - &Qutputs
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