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2. ES&H A—FTy 7 BN E
1) Process Technologies Development

Device Perfor mance

Reliability | mprovement

'J]gm
Cost Reduction nemicals & Materials

@ to Ensure ﬁ to Satisfy

to Solve
 Difficut Challenges  Technology Requirements

| ntr oduction of new
= Chemicals& Material
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2) ESH Difficult Challenges

(3) Climate Change Mitigation,

(4)Workplace Protection

(5) ESH Design and M easurement M ethods
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3) Chemicals and M aterials M anagement

Year of Production 2001 2002 2003 2004 2005 2006 2007 Driver
130nm 115nm 100nm 90nm 80nm 70nm 65nm
Interconnect
Lowk materials ? , Speed, signal
spin on and CVD Lowest ESH impact o loss
solvents/ CVD Emissions modeled ESH benign processes
precursors
Copper processes LOW?St ESH w_npgd Plating bath recycle ESH benign processes Sp.eeo.l,.
plating chemistries reliability
Advanced metallization Lowest ESH impact processes/ emissions ,
. ESH benign processes
characterization
Planarization Slurry minimization Slurry recycling Slurry-less planarization Planarity

Plasma processes

Etch abatement

Alternative etch chemistries

Characterization of plasma by-products

Front end Processes

Lowest ESH impact etch chemistries

High k materials

Characterization of
high k precursor

materials

Lowest ESH impact high k materials

Characterization of low-hazard
deposition methods

Low-hazard
deposition
methods

High k materials
without potentially
toxic/bioaccumul

ative metals (Pb , Ni)

ESH benign processes

Lowest hazard metal compounds
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Lowest ESH impact [N
etch chemistries

Transistor

ESH benign processe pllstolinklle:

Transistor
performance
and device

Device
development




4) ESH KEY WORDS

- ESH BENIGN

- LOWEST ESH IMPACT

- LOWEST HAZARD
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2. ESHHYORAYRTE)

1) ;5D B 1Y

PFCsHEH [C &AM EBRRIEIE D XS IZHF B LEF I
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2) 2001FEEFEARE

(1) MR ELGHIEEMEDEYITYT
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[ZEAEZ KGR

(2) LEIEEME DREIEEH DRTE LAEMKEE
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FEHREDORTFLYDER
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3) 20015 E RENFER
(1) #EETOCRTERASINATWSILEME VYWGHER

Process Films|Chemicals and Materials Byproduct (if any)
1. Coat Solvent
(1) BARC Novolac base polymei Acryl base polymer )
(2) Resist I-Line [Novolac base polymer PGMEA
PGME
EL
KrF PHS base polymer } EEP
MAK
MEK
ArF Acryl base polymer COMA Y —butylrolactone
J cyclohexanone
(3) TARC PVA base polymer PVP base polymer
H20
2. Adhesion Promotion
(1) AD Promotor HMDS NH3
3. Develop
(1) Developer TMAH Choline
(2) Rinse H20
4. Expose F2 F2 Gas HF Gas HR3ZHE(1[8]/ week) BEIZHF &£
(KrTl&. Ne, KrEDEEHR) 2L L—YEBERIHREL-RER|T BRI RIS ZDOREFIH
Light Source Gas (ArTld. Ne, ArtDEEHR) F2.HF &S BlERMELTHESONS,
KrF. ArF Metal Fluoride L—HFron\RHIZHKE

=L, FronEL—FA—hTIETHEER
03 |EEEHTOIOFRETHREDTEEM
ArFEYELVER TR EDBEEFDRLAR T DA EEN .

5. Strip
H202/H2S04 EKC
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1) #ETOERATHEASINTLSIEEYME

FEP WGYERK

Process Film Type Chemicals and Materials Byproduct
3.CVD
(1) Gate Electrode Poly Si SiH4
WSi WF6 SiH4 SiH2CI2
W WF6 SiH4
(2) Side Wall TEOS Si(OC2H5)4
SiN SiH4 NH3
BPSG TEOS B2H6
NSG
(3) Capacitor Film (DRAM) Ta205 Ta(OC2H5)5
SiN SiH4 SiH2CIl2 NH3
(4) Capacitor Electrode (DRAM) |Poly Si SiH4
(*) Chamber Cleaning PFCs PFCs etc.
4. Chemical Solution Deposition
(1) Capacitor Film (FeRAM) PZT : Pb(Zr, Ti)O3 |Pb(CH3C00)2-3H20, Zr(n—-OC4H9)4, Ti(i—-OC3H7)4
5. PVD
(1) Gate Electrode WNx W N2
(2) Capacitor Film (FeRAM) PZT
(3) Capacitor Electrode (FeRAM)]Pt
8. Etching
(1) Gate Electrode Poly Si Cl2 HBr SiClx SiBrx
W SF6 CF4 WFx
WSi Cl2 CF4 WClIx WFx
(2) Side Wall TEOS PFCs CFx
BPSG
(3) Capacitor Film (DRAM) Ta205 Cl2 TaClx
SiN Cl2 SiClx
(4) Capacitor Electrode (DRAM) |Poly Si Cl2 HBr SiClx SiBrx
(5) Capacitor Film (FeRAM) PZT Cl2 Ar PZT (Sputtering)
(6) Capacitor Electrode (FeERAM)Pt Cl2 Ar PtClIx Pt (Sputtering)
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Process Films Chemicals and Materials Byproduct
1. CVD
(1) Interlayer Si02 TEOS (Tetraethylorthosilicate) 02

Chamber Cleaning PFCs ( C2F6, C3F8, NF3 )

FSG SiF4 SiH4 02

Chamber Cleaning |PFCs CFA(JEPFCHARATHERMINDZENH D)
2)w W CVD Film WF6 SiF4

Chamber Cleaning |SF6 WFG etc.
(3) TiN TiN CVD Film TiCl4 NH3 H2

(Ti[N(CH3)2]4)

Chamber Cleaning |PFCs TiF4 etc.
2. PVD
(1) Metal Al Cu, Ti, TiN, TaN [Targets

Liner Cleanig Sand Blast + Solution
(2) Others
3. Spin—On etc.
(1) Low—k
(2) Others
2. Electroplating
(1) Cu Cu Film Cu(Si04)2 Additives H2
(2) Barrier/Passivation
3. Etching
(1) Interlayer Si02/FSG PFCs CF4(3EPFCHATHLEMINSZENH D)
(2) Al Al/TiN/Ti Cl2 BCI3, HBr AICI3 etc.
4. CMP
(1) Dielectrics SiO2/FSG Slurry (SiO2, KOH)

Postcleaning
(2) W W/TiN Slurry (AI203, Si02, H202)

Postcleaning
(3) Cu Cu/TaN Slurry (AI203, Si02, H202)

Postcleaning
5. Precleaning Wet Cleaning EKC etc.(Organic Amine+ Addives)

Dry Cleaning
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(1) #ETOEATERASNATLSIEEME

A& P WGYER

Process Chemicals and Materials Byproduct
1.Back Grind Masking Tape wBIEEZ)L. RYAL D12
iy FATEUR. 7x/— LR
2.Sawing Dicing Tape wBIEE=Z)L. RYAL D12
iy FATEUR. 7x/— LR
3.Die Attach Alloys Pb-Sn, Au-Si
Low melt glasses Glass (Based Oxides of Pb, B, Bi)
Fillers Zirconia, Silica
Adhesives Epoxy Resin
Cyanate ester Resin
Acrylics Resin Acrylate
Polyimide Resin
Nophthol Resin
Polyolefin Resin
Polyethylene
Boride
Flakes Ag Flake
4 Interconnect Wire Gold, Aluminum, Copper
Under Bump Metallugy [Ti,TiW,Cr,Cu
Arfi R, 02H R
Bump Au,Pb-Sn
Photo JARSYIRIE. TRIAFILTUEZ DL DAFILAKRF IR
N-AFJL-2-EQYKRY
Etching. WBEEIEKFEK,. TOEZT
5.Encapslation Molding Biphenyl
Under‘ﬁlling
6.External lead finishing |Plating H,S0,4, HNO,, Na;PO,, CH;CH(OH)CH,SO,H, [CH;CH(OH)CH,S0;],Pb,
[CH5CH(OH)CH2S03]2Sn
Pb, Sn, Bi, Ag Cu
7 Marking Ink I'I'\:F/?’J')l/ FAUS R, LY —IL— ATz RUTZRTFILTHY
—h. TRFIEAE. POVIBITATILE/ R DVA TR TILEZD
.A*ﬁs n-dFILTET—b h—Rr, 240 7=, 3)7J'jF"j‘°/°“J~ TIL=Z
VL MLIV ZBIEFEL . IRTIVRIER TV 3RTSY
8.Substrate PWB IRF I Tﬁas EXRLASFR) T Tﬂa RYAS R THE\ Cu,Ni, Au
Pd, 0’0" U EE SR BRESSR. SnPbiE 1L — 8. 151L5E — £k, BEREAE .
BERIEKR. BREE. BTV E=D L,
LTCC AlI203, AIN, Cu, Ni, Au
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0 O [ ecosystem

Ecological balance

Phasell :0 0000000000
Phasel :0 00000 000000100
Phasel 1000000000 OOOODOO
oo oo Indicator Factor Phasel Phasel Phasel oo
o000 oood GWP (PFCs, SF6, C02) ° [EA], [SE] Global Warming
Environmental 0DS (HECs) ° ° ° 0 0zon Depletion
Burden Acid Rain (Sox, Nox) ° O acidified substance
Photo toxicity ) O photochemical
goono Heavy Metal ° ° O OoOogoon
Organic Metal ° °
Endocline ° °
BOD ° O O0O0oO0o
COoD ° O 0000][mg/L]
N-Total ° O 00000 [m3/day]
SS °
ogoono Heavy Metal ° ° O 000000
Organic Metal ° .
Endocline °
oooooot O Energy Burden [EC],[SR] Energy comsumption
Renewable Energy (R) DJOOODO
00od Water Comsumption ° O
Natural Resorce Comsumption ° 0
0 OO bpisposal |Radioactive Waste ° O
Metal Waste ° a
Reuse, Recycle,Reducrtion (R) bOODOO

[EG],[SG] (Ecocide)
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R BEITALRADKRELINICE DV EEENFERENDRELY

EATO+RELT0.18um DRAMT7OEREEFEL. chlzHEI={EHER
ILEYVEDFEREXHE
240V 574—DEFPIZELLITFIZRT .

Z=HTFE 21TF I-Line 9 IFE
=] 373 r
DUV 12 T8 RAKIER
2 EET 2 PRTR
= = 3 == 'E
I3E 7 == TR = (B | 18 st =4 RRHHE w5
Resist Novolak base polymerZs 880 (D[i&kiA [ xigst  [#|BL | (BRI TBABRE
_line photolithoeranh Developer | TMAH 17510 (D|7&IA[xi5R5+  |LD50: 50mg/kg L [[ERLCBARRE
P &Y THMDS ___ [(CHB3)3SINHSI(CH3)3 52 ()| 3#fA [xt55+ | LD50: 2460mg/ke || BN TENAS
Thinner __ |PGMEA, PGME 4040 (0| ;&IR | x5St |LD50: 8532mg/kg FEL | BRI TEAE
BRIt e BIERD | = st pe PRTR ‘
(=] = 3 == 'ﬁ
T5% 5 e TS = (B | 8 st =% FRHHE 5=
Resist PHS base polymerZ 216 ()| /&R [ x5 | E|L | [EURL TEhAE
DUV photolithoeraph Developer |TMAH 28980 () ;& fA& [ x4t |LD50: 50mg/kg ;L [EURL TBABRE
P &raPY TARC Acryl base polymer, P-FOSZs 216 (D[;&tA x5k |[P—FOS,LD50: 251me/ke [#EL _ |[EURL CBIAE]
Thinner cyclohexanone 3180 (D[J&{A [xiFRs+  |LD50: 1620mg/kg L ERL TENAEI
BRILEE BIERD | = e PRTR
=] = 3 == 'E
TiE 5 xS TS = (B | 48 st =4 FFIHE =
Polyimede T2 Polyimede |Polyimede 70 DR e, |EL £ [E)URL TEhAR |
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EENFEREDRIFELY (Dry Etching® i)

NI (3

o v FRILZEWME Bl & Bt TiEH = g
T#2 =8 2.3 reat 2.3 bt & (4D

N—2)LAOssORV 4R |C5FE8 — — 7 33 (Kg)

|— SR == Cco — — 1 9 (Kg)

7T Ar — — 7 25 (Kg)

PE 02 — — 7 100 (Kg)
[ movikiEE SiF4 7
IvikhILIR=JL |COF2 7
— kiR E CcoO 7
2 | Ay CcOo2 7
vk A CF4 7

pg7wik A2~ (PEC-14) CF4 — — 4 16 (Kg)

=ik A2/ (PEC-23) CHF3 — — 4 25 (Kg)

ZILIY Ar — — 4 21 (Kg)

FEE 02 — — 4 2 (Kg)

e pg 7wk A2 CF4 4 13 (Kg)

=Jwik AR, CHF3 4 8 (Kg)
movikESE SiF4 4
— kRS (e16) 4
Dry Etching IvitHhILR=)L |COF2 4
2vikkE HE 4

=ik AR (PFC-23) CHF3 — - 2 1 (Kg)

Bl CL2 — — 2 13 (Kg)

= iE{kikE BCL3 — — 2 10 (Kg)

AL (AN | 2T Ar — — 2 7 (Kg)
IvikkE HF 2
=te{k7NI=Y9.  |ALCL3 2

=ik ARy CHF3 2 04 (Kg)

pg7wik A2~ (PEC-14) CF4 — — 7 55 (Kg)

YAG: V| o i) SF6 — — 1 91 (Kg)

BEE ClL2 — — 7 44 (Kg)
v)ar  |InUHL-EEE He—-02 — — 7
movwikESE SiF4 7

pg 7wk A2 CF4 7 44 (Kg)

SIvibkAA™  |SF6 7 46 (Kg)

. [PE 02 — — 22 314 (Kg)
Ashing — s CQ2 22

VT KSINTTF TG TESS IO L T ISTITN
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ah < = E_—b 1 N H J_j?'
EEMNEAHRHEDRFELY (CVDDAI) S HEKE
o . FHIEEYME B E Y TEH = (e
LT =i 23 EEx 23| B2 & (B
ooy sy SiH2CL2 — — 5 11 (Kg)
Si3N4 FOEZT NH3 — — 5 18 (Kg)
B KFE HCI 5
KF H2 5
. oY SiH4 — — 1 1.3 Kg)
PolySi K& H2 1 03 (Kg)
ANYg L He — — 1 0.1 (Kg)
HSG TS5y SiH4 — — 1 0.3 (Kg)
LP CVD K= H2 1
Sy SiH4 — — 5 31 (Kg)
P—doped Po|,’_"7<74/ PH3 — — _ — g 0.02 (Kg)
KR H2 5
TEOS TESIFILAILLUSZAR(TEOS) (C2H50)4Si — — 4 54 (Kg)
Ta205 RUBILFDAVANL Ta(OC2H5)5 1 0.6 (Kg)
[ 02 1 1 (Kg)
TESIFILA IS AR(TEOS) (C2H50)4Si — — 2 236 (Kg)
R)AFIILHKRRTT—F(TMOP) (CH30)3PO — — 2 23 Kg)
RO I FIL(TEB) B(OC2H5)3 — — 2
APCVD 03-TEOS TR 09 — — 5 1479 K
ZFEieixFE |CO2 2
C2H4 2
Sy SiH4 — — 1 13 (Kg)
SiN TUOEZT NH3 — — 1 63 (Kg)
KF H2 1
TEOS TESIFILAILLUSAR(TEOS) TEOS — — 1 1012 Kg)
[ ES 02 — — 1 703 (Kg)
, BRIEESR N20 — — 2 57 (Kg)
PE CVD  [SiOx 25 SiH4 — — 2 1.7 (Ke)
NIviETAY C2F6 — — 315 (Kg)
M7 vit A2/ CF4
Cleaning vk A ILRICOF2
—#{L=ZE%F |CO
/a7 vt I % |SiF4
=P Ar — — 2 27 (Kg)
SiOx [ 02 — — 2 16 (Kg)
HDP CVD TS5y SiH4 — — 2 6.3 (Kg)|
. ZJVitEZF NF3 — — 108 (Kg)
Cleaning movitiEE [SiF4
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(4) BEARRTUOYIILOFFMIEIEERE

LI OSEEDY MO TEHBAZE LV =EBRN Tl
UMBERTO,GaBIAABBIIZEL TNVSEEZTLNVS

BARER

25 4 & 8042 (AR) &Y st
LCA (1) DSimaPro(LCI) Pre O 4 ILAY ()
@Ecolndicator99(LCIA)
AT LER(boundary) DR EMNEE
Ia/NSVUR TEETHLHE BREGIS sinum (RAR)
HETOERZHNRBY FIFSA L St.Gallen
<T)7I)Loa— TIHEARTO+LX70— |@UMBERTO ifu (&)
Yk —4 TOeRAHE, v T)T7IL70—aRMEEHC
WL, LFEETEEZES
= ®GaBi PE Europe Gmbh and
LCA & LCIA %Eniuﬁntx BAZERUVBARBELIE-T—2A—ZADIRHE  |IKP University of Stuttgart

LCI: Life Cycle Inventry,

LCIA: Life Cycle Impact Assessment,

LCE: Life Cycle Engineering
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<Example : Lithography Process>

W%W Materiall balance
PFOS (a) Kg *EEE'«EH‘X_.

A
A
"

i
i
i

A

! ! !

[Scrubber] [Scrubber] [Scrubber]

A A
A0% 0% <0.1%

Resist/ (A) Kg Develo/(C) Kg Wet (D) Kg
ARC/ (B)Kg -per ehem.
Dry
resist ?e%ist ’

99.9 % 0.1% 100 %|<0.1% 100 %| Wet
resist resist developer| resist  wet chem|
Waste Waste Waste

[Developer Recovery] [ Neutralization]

Voo

[Resist Recovery]

Industrial Waste Industrial Waste _ e
Recycling ‘dtainage;
_ l PFOS (b ) Kg
[Incmerator] ..
Purifier
0 % residue 0.1 % FF5F <0.1% residue
D iti citanmad« | l
ecomposition
99.9 % p PFOS ( C ) Kg Recycle
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oo I~y QO — y NE= > 1\
EEARRTUVUYILEROO—KT YT
YEAR OF PRODUCTION 2001 2002 2003 2004 2005 2006 2007
DRAM 1/2 PITCH (nm) 130 115 100 90 80 70 65
1. REHREO—RTYTDIERK 7?;%“/

2. REXDEREEN

ETHEBOEGIEY DR

JEITAREE S -WG

a ) —oF7 L

LITH FEP INTERCONNECT

FBEIOLRATHEATHIEE HREEMEOT—INEREXE
MEDT—EIN—RERK THOEEEHR
A&P
AN ETOERT70—DER BIEARRTUIYILRELS-OD
DRAM LOGIC SoC ETIILTAOER7O—DER
tEHmEDO<ITI7IL70— FEIOERAD e — = _
Digsf SO—EER BEIT)7ILIO—EDOER

VI OFF - R E

BBAHHRT IO FEARET O LRI RER
AR IR R E B2 R B el S AT LDEAFE
- o= s = YIh0 | BAMLGTOERED1—IILOIEENE
RERFRT >~ vV O RE | OBBAEKTLvLOHE
BEAFHT L DER RELEAFAL mgamtry s oL OERORNE

VOTRTINTETEOTESS ST RIS TN

RS | ATEALI IV IGTICS I ESET P =T X




