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Water Conservation and Pollution Prevention

in the Wafer Fabrication Industry



AR

o PP i
- ii
e T i
ﬂﬁﬁ, .......................................................................................... iv
P& viii
B P 4. X
F L B EH s 1
Lo L B e baa e 1
1-2 FFF B i 2 2 PRI s 4
¥ 2F 2 Ll EEAAARiA IR R 5
2-1 A B 5
2-2 ZHREE T E 2 TLIR e 6
2-3  BIFIELIE O & e 7
2-4 B FIEIZBAER s 8
2-4-1 B3V ik Az (Wet Cleaning Processes).........occvcvciiecineieiennnn, 9
2-4-2  F 14 GAR(OXIAAtION) wocvvieicicccce e 12
2-4-3 i & & 4p it (Chemical Vapor Deposition, CVD)...................... 13
2-4-4  $ 12 & 4p it (Physical Vapor Deposition, PVD) ..., 16
2-4-5  FeR2(Photolithography) ....ccooeiiiiiiii s 17
2-4-6 Gz VA% (Dry EtChing)...ooovoieeeecece 18
2-4-7 BN A 3] (Wt ELChing) oo 21
2-4-8  FEETHE » (DOPING) oovvviiiicreie s 23

F 3 I R 24
3-1 FMTELFIEE I RMZEEFER 25



3-2 S EZ R PRFBEE oo, 26
3-3  EFIEEE AL 7R 2 7 KIB o 26
3-4 SRS T KZ T oo 27
3-5 B FIE BB R T IT2 1572 28
3-6 AFIERHRE* 2 CPFELBITZ P e, 29
3-7 HRHABIMAIBEFTAFDET (i, 30
3-7-1 3 % 7 # i3 4 4 (Hazardous Air Pollutants, HAPS) ..................... 30
3-7-2 >4 it & F= (Perfluorocompounds, PFCS) ......ccccccevvvevviiieiiciieann, 31
3-7-3 7 & Bk (Fluoride Waste Water )......cccooevvivieeieiieiese e 32
3-7-4 7 Bk 2 B3 $ (Arsenic Waste Water and Waste) ................ 32
375 FARE B (PH) oo 33
3-7-6  RETFHEAL (SS) i 33
3-8 I I B2 R JEIZ oo 33
3-8-1 ¢ * BhxdEx § o2k 3i(Point-of-Use System, POU System).....33
3-8-2 ¥ R A F A2z i 5(End of Pipe System, EOP System)....... 39
3-9 IRFFERE > & 1 & 47 (Perfluorocarbons, PFCS)# 2x gk jis ............ 40
3-0-1 PFC £ HAE T E % 38 oo 40
3-9-2  BPEIR BB i e 41
3-9-3  FFFEE D PRC £ 0% e 41
3-9-4 PFCREZHITIT TEHE D . e 44
3-10 S P 1 A K E AR T ATAIZ e 44
3-11 & FIH B BB KRR 44
3-12 & Rl @ Buc -k (Drains) A 35 2 g2 R B s 44
3-13 & Rl BB K W TR BT & Sl 47
B4 B BIET oo 49
3-14-1 7 B2 B2 R FERFI* 57 s 49

iv



3-14-2 & F 1L B2 5 B 1 00 D) oo 52

4-1 & Pl £2 KFRAI* 255282 BB .55
4-2 BMABCKTRTIT 2 5 BB 02 T 0.55

4-3 HPEABREA K2 KFTRANY 2 BFERFE...ovienn...56
D R EEER e 58

R o O - U PUPPRPPPPPPPRRNY -
5-2 S TR K T AR sttt e et et eeeeeee . D8

5-3 & AR B KFRAT 2 AP iad el £9% oo 59



F P &

P =
F 21 WA A FABET oottt 68
2228 B L H L AL ERIBTE Z BN ETr B, 69
2 2-3 %I & BEARIID G 70
e 2-4 B R R T A BT T R R R s 71
22-5 @ 32 RCATBFFEH ..o 71
F 26 ATFUIBSFIRAR R e, 72
Z23FVFEZERBEF-RBHPREZHREP 73
F B2 K B KB oot 74
£33 53 B RABET oot 75

Fe B-A B F R BUH CRFERE 75
3 35 B K AT K B % K ABET oo oe ettt 75

2 36BN R EARSTR Y 2 P EE R 76
2375 CHAER Y 2 SRR L E B ) 76
238 EFAmAEUARNTRY 2 FHICEELS 77
2395 Fpm A EUARR Y 2 BB oG M 78
Fo 3-10 BB B AR AT F il B B 79
£ 3L AT A EARR T 2 BB 80
% 3-12 JRIAZ® % 20 5 B e e 81
2 33BN AR Y 2 CE B R e 81
23U g 2 CRFEIoF Mo 82
F 315 1 B R AT B AR TR 2 1N B R 82
2316424 K2 HApw T B AR 2 VBB R e, 83
F0317RSESEER 2 VBB R e 83

Vi



% 3-18 Bk AE kSR Y 2 B E S
£319L ERHBEET N AL 2 HAPS....ooiiei e,
2320%FRBEANFHZ BT T LF RS e,

# 321 X ER AR & cheng BEE 2 TLV-TWA..

% 3-22PFC 2 HFC i § & f iS22 2302 8 47 4.

% 3-23 18 * BLap (POU)AS f Ad® 4 ML WARAF P i

# 3-24 ¥ % (End of Pipe) A f #:73c k Sipd® > 5% ...

7 325 PFC E A E £ e T8 > Koo

%326 ATH 2 BORABATE HEM
%0327 WK B2 BORABEEE BB
% 3-28 QAR A K w T ARk iz PR AT H 4R
£ 3-20 5 F RNEIRROKAEEZ BB
% 3-30 4 AR EERCRBEEE B

23-31 7 &R * KA F KEEF A

P

3-32 9 &L T AR TR B E T A e,

.88

............................ 89

.90

............................ 91

............................ 92

............................ 92

............................ 93

............................ 93

............................ 94

94

%3-33 7 & A2 B K KR~ KEE T A e 94

vii



B
i I e U 95
Bl 2-1 2 AR I AR A Bt e e e e 96
BI3-1 S I AL BT Bl 97

BB 3-2 & [F] i B AT K 5 S dB AR T B BBl 28

B13-3 5 FIELE ALY AKAEAE T Bl 99
B 3-4 % FIEB R * RIBAEET DI 100

Bl 3-5 H FIE@ Az * K2 BRY TR BT LB 101

B 3-6 & [F1 83 Bk (Drains) A F877 B BBleeeoee e 102
Bl 377 SRz * KTHB(HE = CMD) oo eee e e ennn.... 103
B 3-89 LAY KAEEE* KRBT A BBl 104
B13-97 & AT JCKABEE T AR T A GIBcoeeee e, 105
B13-107 & P2 * K KRABEEE KBET A GIBeeiiee e 106

B3-11c & A2 F AR F AR AT R Bl 107

@31255517‘]@1. f{lbgw‘i(%,f e -] 108
B 3-132 F FIR 2 B K ® 4T 2 Jeld@ i A% B Bl 109
BI5-1a23R 2 o TR 2 KT 0 R BBl e e e 110

B 5-2 3 3k 20 fo FIR A K Rd@ i A2 Bl el 11

viii



# &

LEMASEIHAZF L EMAMTE (IC) X3P~ SR Y
TSR W FRFWUIE ST HER
SENS RERINNE L TR RN R R PO T S
A ARAEXER - FHITRLFIWARS F* 5 1 (Oxidation) ~ 1
g % tpit# (Chemical Vapor Deposition) {32 4 4p4 4 (Physical
Vapor Deposition) % ® 42 > & HFl+ & D8 AH 5 A 7 B afi i
(Thin Films) » 41 * #c# %42 (Photolithography ) #-3k § 1+ ] % &
#FILEREWE > gd % %4 (Etching) & 24 #7& 2 SE. B2 > 1
* g+ 42 ~ (lon Implantation ) 3% %< %@ 42 ( Diffusion) & » s &
(Dopants) **# A4 p 2 H 4 T 1 o

FHMTRSFAZEDY RE IR R B Rz
KRB B FRIEEEER S AWl EY R J RN ERETAAFIT
RHBERESPEZ MW AMARY o3 B3R 24
L g~ & L2 PR o d N LEKTR CRELEEB RS
T2 P ARBCK o drie 3 2 R E R 2 L L dT A2 275 %
o2 LR FIHREI F4978 6 fRinfd 48 o

A2 FHEHPTHHIELFAEE FHORT RN 2 H5
Pisa @ Ay Rk EARRCKT R KR L 85
B ~AAFTAPAE > FAPISEE o B (D R SRS

FELEF T g PEE RS ST EH % I ]



Abstract

Manufacturing of semiconductor devices involves the following
works: product and process designing, crystal ingot production, wafer
manufacturing, chip cutting, inspection, and package. Among these, the
wafer manufacturing has the most sophisticated processes and the
environmental concerns. The processes of wafer manufacturing involve
the followings: oxidation, chemical vapor deposition, physical vapor
deposition, growing thin films on the wafer, photolithography, etching,
transferring the designed patterns to the thin films, ion implantation or
diffusion of dopants to increase the electrical conductivity of the
silicone-based wafer.

Large quantities of water are required in wafer manufacturing Fab.
Most portions are used in ultrapure water for the wafer processes, cooling
tower, and scrubbers. Varieties of chemicals have been used in the wafer
manufacturing processes and produced many kinds of wastes (such as:
volatile organic compounds, perfluorocompounds, acids, bases, fluorides,
and arsenics) which may affect adversely on our environmental quality.
Since water resources in Taiwan are limited, and the promulgated
regulations become more restricted, the wafer manufacturing industries
are challenged by considering how to conserve the water and how to treat
the pollutants properly.

A study on water conservation, chemicals used, pollutants produced,
and the treatment for pollutants in wafer manufacturing industries is
preliminary investigated and discussed in this thesis. Case studies about
water conservation and pollution prevention from two wafer
manufacturing Fabs at Hsin-Chu Science-Based Industrial Park were
illustrated.



AC : Activated Carbon

AEE : Amino-ethoxyl-ethanol.

AP : Atmospheric Pressure.

ASIC : Application Specific ICs.

BPSG : Borophosphosilicate Glass.

CAA : Clean Air Act.

CDA : Clean Dried Compressed Air.

CFC : Chlorofluorocarbons.

CMP : Chemical Mechanical Polish or Chemical Mechanical
Planarization.

CVD : Chemical Vapor Deposition.

DIW : Deionized Water.

DMSO : Di-methyl-sulfoxide.

DSP : Digital Signl Processor.

DRAM : Dynamic Random Access Memory.

DUV : Deep Ultra Violet.

ECA : Ethoxy cellusolve acetate.

EDTA : Ethylene-di-amine-tetra-acetate.

EEPROM : Electrically Erasable Programmable Read-Only Memory.

EL : Ethyl lactate.

EPROM : Erasable Programmable Read-Only Memory.

EPI : Epitaxy.

EOP : End of Pipe.

FF : Floc Filter.

GWP : Global Warming Potential.

HAPs : Hazardous Air Pollutants.

HE-VDG : High-Efficiency Vacuum Degasifer.

HFCs : Hydrofluorocarbons.

HMDS : Hexa-methyl-di-silazane.

HVAC : Heating and Ventilation Air Conditioning.

IC : Integrated Circuit.

IDM : Integrated Device Manufacture.

IPA : Iso propyl alcohol.

LAN : Local Area Network.

LP : Low Pressure.

MB : Mixed Bed lon Exchanger.



MCP : Micro Control Processor.

MCU : Micro Control Unit.

MEK : Methyl-ethyl-ketone.

MMTCE : Million Metric Tons of Carbon Equivalents.
MOU : Memoranda of Understanding.

NMP : N-methyl-2-pyrolidone.

PAC : Photoactive Compound or Poly Aluminum Chloride.
PE : Plasma Enhanced.

PFCs : Perfluorocarbons or Perfluorocompounds
PGMEA : Propylene glycol mono-methyl ether acetate.
PM : Preventive Maintenance.

POU : Point of Use.

PVD : Physical Vapor deposition.

PSG : Phosphosilicate Glass.

RIE : Reactive lon Etching,

RO : Reverse Osmosis.

ROM : Read-Only Memory.

SA : Strong Base Anion Exchanger.

SC : Strong Acid Cation Exchanger or Scrubber.
SONET : Synchronous Optical Network.

SS @ Suspended Solid.

SRAM : Static Random Access Memory.

TCA : Trichloroethane.

TEB : Tri-ethyl-borate.

TEOS : Tetra-ethyl-ortho-silicate.

TMAH : Tri-methyl-ammonium-hydroxide.

TMPO : Tri-methyl-phosphate.

tsmc : Taiwan Semiconductor Manufacturing Company.
UF : Ultra Filtration.

UPW : Ultra Pure Water.

VOC : \Volatile Organic Compounds.

WAN : Wide Area Network.

WA : Weak Base Anion Exchanger.
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PoE R R8T BL & f1 2 Wi (Wafer Fabrication) 5 2 T 58l
gk (Die) *» ] » 3t% (Packaging) % Bz (Testing) % » #
B 4ek ¥ (Mask) 22 ®iv> 2 ez Wi L il ¥
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AT OREED L FIR (D)@Y 52 fhaE
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Gap)f /| » $TARMG S EARAS FT A g TEWs
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FRILFAS TRRA T ERF -SRI L -ITEHF -
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1. B3\ % (Wet Cleaning)

2. % i+ (Oxidation)

3. i*F 5 4pitfH (Chemical Vapor Deposition)

4. =12 % 4picf (Physical Vapor Deposition)

5. %> (Photolithography)

6. sz3V 4% (Dry Etching)

7. B3 4% (Wet Etching)

8. # 3 4& »~ (lon Implantation)

9. it B E (Chemical Mechanical Polishing)
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2-4-1 R3S Bl 42(Wet Cleaning Processes) *°
1.1 sk gl

BEFkeap s Bl TP & & & m ok (Particle) -
Ba+ (Metal) ~ 3 #4 (Organic Compounds) - p 8% it &
(Native Oxide) %3¢ » izt f ¥ 2 6 5 4P &7 i KR 4rd
2-4 #15) o BHARCAZ jk (d 2 FERT 20 978 B2 ek
W) A& ¢ 7T w fAF%k S 54 0 RCA Standard Clean | (SC-1,
APM) ~ RCA Standard Clean Il (SC-2, HPM) ~ Piranha Clean (SPM)
% Dilute HF Clean (DHF) - & $%tRCAZ i A2 4 & 2-5 #77]
Ho o A& L0 o Ry~ F 4]0 @ idaeT
(1). RCA Standard Clean | (SC-1, APM)

a. = 4 NH;OH/H,0,/H,0=1:1:53% 1:2:7 (by volume) -

b. e p i 2 fﬁﬁtL Wi & B o

C. F st 1% NH,OH 2 s3dg - Rz v & dfu 7 £ & > &
ET Log 2 fiok 2 % om NH, OH =% &1 & ¥ & & 2.
W E U FRBLB LS AET A g

d. * &g R :70-80C -

e. K RFEFER 15 o4 o

(2). RCA Standard Clean 11 (SC-2, HPM)



a. ‘;\;ln\ . HCI/HZOZ/HZO: 1 : 1 : 6 ;1:]: l . 2 . 8(byv0|ume) .
b. ik p 4 1 4k £ BaET -

C. FIsts#l i HCl # % g3 &2 &£ a3 2537

o

45 & 37 (Complex) -

d. &g A& :70-80C -

e. & BPFRF 1 5-10 A48 -

(3). Piranha Clean (SPM)

a. =4 ! H,SO,/H,0,=2-4:1 (by volume) -

b. e p i 2 K,értjé W o

C. & M4 :41% HySOs 2 HyO i frite 2 % § 1 1 pL3% §
Wi 2 B a sl -

d. * &:& & :120-150C -

e. F BPFRE 1 10-15 & 45 -

(4). Dilute HF Clean (DHF)

a. =4  HF/NH4F/H,O = 0.5- 49% HF : 40% NH4F -

b. i B b AP RGP RF 2 oF PR -
c. F &+ SiO, + 6HF— H,SiFs + 2H,0 (eq.2-1)

d FREER 38R -

e. F PR :15-30 £ -

2. At FielAe

10



RPTL BN R B RTSVRSN R S AT R TR
T BT RS MEREAZM R E 0 2 ARERE R ITH A
grminArenpE o gl FORC B R B2 K3 0 T R el ok
% o T Az fEraen 200 p AOhmiz ~ 222 3SC-1 %
fric 2. 3)SC-2 % o
(1).p » Ohmi ;2
Fik 2 2 HBAcd 2-6 477] o F B4l FUV-LF ik
(Ultraviolet-Ozone Clean) =4 ,%”’ v i e
a. M2 2 B4 (Impurity) +hy ( A=300 nm) —45 %! &
AT KT R iz B (Excited impurity)(eq.2-2)
b. O,+hy ( A=1849nm) — 20 (eq.2-3)
c. Os+hy (A=253.7nm) — O+ 0, (eq.2-4)
d. B2 255 + (0°0;) — ELF M &4 (volatile
compound) (eq.2-5)
(2).:x 23| SC-1 2
%98 SC-2 5% Zr > 12t SC-1 NH4OH ¥ 4c » 4 & & g+
A5 = A & 4 (Chelate) z. # & & (Chelating Agent)
Ethylenediaminetetraacetate (EDTA) » 2B~ SC-2 2 f LR

TS AL

11



(3).:x 23| SC-2 ;%

g g SC-1 69 3 » iz % SC-2 HCI ¥ 4e » HF » 173 &% 5
m % itk > 1B~k SC-1 2 YRR it o
2-4-2  § 1 42 (Oxidation)”

Fitempens ARERP H T 20 & I(Grow) = ¥ L K
(SIOy) » # F Rt #lff itide
1. §z3% % i ;2 (Dry Oxidation)

FRARRAF ST F o g BT E R (EA

ey
i
o
"
9o
Iy
ey

% 900°C) &t hoew RIEF AL F
FR oo F G

Si(g) + Oz — SiOys (eq.2-6)
2. B3N F itz (Wet Oxidation)

G or e E (GER 9 600°C) 0 #F

S

Sy,

)
=

ARk o RAED 90T o Y A e R R Bk
FEAAF R R ALEN S F R E o F B 5

Ha@ +1/2054 — HOq (eq.2-7)

Sig + 2H,0(g — SiOg + 2Hyq  (e0.2-8)

WL s pEY 2 kY s BRT(LE
e EBALF)RERT PR OT I Fl > B VEARE A

12



ﬁim% 'L‘k (HCI) 1ﬁrﬁgmlbt#’ﬂa ]F?%$%$+7VABK
| (Getter) » T * F 33 ¥4k & BT ¢ 11 (Neutralized) o p =

hfl4r? & * = & ¢ x(Trichloroethane, TCA)x % % it & » F| 4

AW

Frapdeidpsgitg s oz452

\H

b3t § g
TS S
4C2H3C|3(g) + 1102(9) — 6H20(g) + 6C|2(g) + 8C02(g) (eq2-9)

6H20(g) + 6C|2(g) — 12HC|(g) + 302(9) (eq2-10)

2-4-3 1 & § 4p i (Chemical Vapor Deposition, CVD)*
tEFApHE o A FF o A W

(Chamber) » #-F B4 4 * B ik hd 24 >

=1
P
=1
3

A g B

- B o J1 CVD WiFs @G 4 T

N

(Dielectrics) 4t = % i # (SiOy) > #4# 333 (Phosphosilicate Glass,
PSG) - #giz 373 ( Borophosphosilicate Glass, BPSG) - # it
F (SigNg) 5 M H > 4ot & 45 (WSip) > 45 (W) > 2 5 /i #
(Polysilicon) ; X ##% > 4o : # (Si) o CVD A 4 0™ 344 & 5 MR
CVD (Low Pressure CVD, LPCVD) - ¥ & CVD(Atmospheric
Pressure, APCVD): %2 :ff’: CVD(Plasma-Enhanced CVD, PECVD)
FoR o FHAMT LR AIHFF BY AT

1. - § i ® (SiOy)

13



LPCVD

SiH4(g) + OZ(g) — SiOz(S) + 2H2(g) (eq2-11)

Si(OC2H5)4(g) — SiOz(s) + 4C2H4(g) + 2H20(g) (eq2-12)
PECVD

SiH4(g) + ZNZO(g) — SiOg(s)'l‘ 2N2(g)+ 2H2(g) (eq2-13)

2. #&ar 333 (PSG)
APCVD

SiH4(g) + 4PH3(g) + 602(9) — SiOg(s) + 2P205(S) + 8H2(g)

(eq.2-14)
PECVD

SiHag + TN2O(g) + 2PHsq) — SiOq) + P2Os(s) + 7TNa(g) + SHa)

(eq.2-15)

3. mghs 335 (BPSG)
APCVD

B2Hg(g) + 3/205q) — B2Os(s) + 3Hyg (€9.2-16)
PO(OCH3)3q) — 1/2 P,Os + 3/2 CH;0CH3  (€q.2-17)

B(OC2H5)3(9) — 1/28203(5) + 3/2 C2H5OC2H5(9) (6(,]2-18)

4. % i # (SizNy)

14



LPCVD
3SiH,Clyg + TNHgg — SizNae + 3NH,Clis) + 3HClg) + 6Hy(q
(eq.2-19)
PECVD

SiH4(g) + NH3(g) — SiNgH Ol 3H2(g) (eq2-20)

5. SiO,N,
PECVD

SiH4(g) + NzO(g) +N2(g) — SIOXNy ) (eq2-21)

6. % & # (Polysilicon)
LPCVD

SiH4(g) — Si(s) + 2H2(g) (eq2-22)

7. # it 45 (WSiy)
LPCVD

ZWFG(g) + 7SiH4(g) — ZWSiz(S) + 38”:4(9) + 14H2(g) (eq2-23)

8. 4 (W)

LPCVD
2WFg) + 3Si) — 2W(g + 3SiFyq (eq.2-24)
WFg) + 3Haqg — W + 6HFg) (eq.2-25)

15



¥l T - RPER S TR A S T € E o flaer
(Chamber) 2 % & - g = ficie (Particle) 275 % > & "% i 2 5
(Yleld) ’ 'r':t'% 1 )_':ﬁ é: it é’ #('&F’ C2F61 CF41 C3F81 CHF31 NF31

SFe %) ke WAz ez (Chamber) - # & &gzt 4% 4p 0 -

2-4-4 32§ 4pin % (Physical Vapor Deposition, PVD)*
PRFATH > AN ER G N B TR -

o B i@ % ende 3L Ap iU AF BT R4 2 (Sputtering) B L o

REATFEH TS T F A DRALF D LA AURR T

A EESE > f1 TPk 0 # D A L (Bombard) 4 &

.7.

=2k ﬁvi (LLL & %Xm ) ’Jﬁ—/ﬁﬁﬁmﬂbﬁa 173k l)’ m jz‘/%éf}i( SpUttIﬂg)
NRePE BRI > EWHRPE O BEFERNHF BT

g ARICAE S AT ENG D4R S (A~ § 1 4R(TIN) ~ 4545
EETW)~fesx(MNEEBHFT ol HBT R Y 241 &4
(Perfluorocompounds, PFCs) %2 = & it & (CIF3) k= @lix

% (Chamber)

2-4-5 18 (Photolithography)®
e v e 5 ke % F (Resist Coating ) ~ 92 & ( Exposure) ~
k¢ 3. (Developing) ~ ke K,ért (Resister Stripping) # ¥ 2% - fit

16



Pl Azenp o F K-k § (Mask) ] % 4 45 (Pattern Transfer) I &5
B ey A o flAe2 i (7 o kIR Ed 7 (Resin)
B & | (Sensitizer) ~ % 3 & (Solvent) % = &7 b * (2R & A & >
# o9 gty 5 Ak 4 A (Binder) o B Ok A L ok E M FT

(Photoactivity) » ¢ & § 3273 3073 &7 > Az & % o F ke

Y

kof8 TR N R ORI R o Lt kR 5 & sk 2 (Positive

bUES
>

Photoresist) - & z_ » & & [ & 15 4 % (Cross Linking) 2 2 2% >
e IESHEH S 0om A BRI RR > JL kLS f kR
(Negative Photoresist) -
YLD RPE L B0 B Sk frE R E R 40T L SRR RS Sk
B LG KB & $ (Photoactive Compound, PAC) » & £ g3 »¢
P E R R K 0 B B E ATE 5] (Rearrange) ¢ & 5 2
At 57 (Ketene) » 1 5 fip 48 7 $£ 2> &7 -k f& 2 Carboxylic Acid -
d *+ Carboxylic Acid 3 -OH 28 » &7 A3t de 30k > p- 2 %
PAC B % % ~ & Hdk 325 f2 & 2 £ B (Differential
Solubility) » i& {7 & ¥ ¢ % 4 4 (Pattern Transfer) o
%%ﬂﬁﬁiﬁ%ﬂﬁﬁﬁiﬁﬁ’%Eﬁﬁﬁ?%%i°
AR T A L Grs R A R o §25 % 1 F T (Oxygen

Plasma)£z sk fe (2 & S ptd * E47)A 2 F R4 %] » #kfer

17



s CO»CO%2 H,O» £d Z 2 58t Bs42 74L&
WA REZ R 5 3 ke o M8 R R A 2 B K K
Jpesgok o F v CO,% H,O» 113 %%rf_o I EREI ]
R AR I AR 0 T R KRR A 0 ] g

feenp o F * e &G P Ak (Acetone) 2 7 fis & (Phenol Base )

2-4-6 3% 34 %|(Dry Etching)™

JE(Plasma) i 7 & Wie 4 eh— fAFLG - F17 & % 3% o

*7‘@5

R R FCT Y] e - AR T A LR F 4 %] (Sputtering Etching)
o 4 4 % (Plasma Etching)# 48 - i 4% L1 * T T2 2

A

B ORFHLF AR 0 EFEESY LA EES

(Momentum Transfer)en= ;4:e(7 > 2 2 V&8 F B o @ 7 j]{‘éé
2 A A1 J\%F ek WA RRELSFEEHTLE S F RS

1 (Reactive)dt=+ - fgd 4=+ & BRSO EE o BREND
iﬁ{tf FE N K SR Ha(Volatile) 2 24 > Bisd B %
St K,f enp e kR M3+ 4 %) £ (Reactive lon Etching, RIE) 5 #7
#FE Nt A Lo BARFLLETREUL T DG
B HE PRI Agci ey a2 - RIEfZA 442 1 &
% - F L5 (Si0y)~ F L7 (SisNg) ~ 2 37 # 1 £/ Silicide %

18



% & # Polysilicon & (Polycide) ~ 4z(Al) 2 4 (W) % &y %) >
i it 4o
1 = § 1% (Si0y) et 3]
(1) FRs#%: 773 & tmchg W(CF,» CHF; > CoFg 0 CsFy)
(2) 245 SiF
() & s
CFag — 2Fg + CFyq (R 5 7) (eq.2-26)
SiOgi) + 4Fq) — SiFyg + 20 (e0.2-27)
SiOy) + 2CFy — SiFyq +2C0Oy (eq.2-28)
CFyg + O — COFyq +2Fg (eq.2-29)

Hgt Fe — HFg (eq.2-30)

2. F 14 # (SigNy) e %]
(1) FRF®#: 5+ 4 -mif M (CF, > CHF; > CoFg > CsFg)
% NF;
(2) A2 54 SiF,

(3) & Rt 22 SiO &g 02 > % NF3§ fid ek o

3. #1# i £ Silicide 2 % & Polysilicon % (Polycide) 4

~
bod

19



Silicide(4 & % WSiy)
(1) FlEf¥: 773 &2 % 5 $(CF,> SFs > Cl, > HCI)
(2) AZ2ELFH 51 1 WF, > WCly
(B) FREH " 425 hITEEHEEPAL LTI
& o ingE it o

Polysilicon

(1) 5 &7i: 7 & chf #(SICl, > Cly > HCI)

(2) A 43Tz 5 48 SiCly

4. 4E(Al)eb %]

(1) 7 fuf % :SiCly» BCly» BBry» CCly % f & & 72 &

|

(2) A% 4% 5 4 ¢ AICl; » AlBr,

(3) FORHs ) - A|(5)+3C|(g) — AlClg(g) (eq2-31)

5. 4 (W)w 4 (Tungsten Etch Back)
(1) % fs# % : CFy > NF; > SFe
(2) AZ2ELF Iz W WK

(3) & B W+ 6F ) — WFg() (eq.2-32)

2-4-7 ;B3 4 %] (Wet Etching)™”
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B\ %0 &t 3t - 5 V£ (SIOp) ~ & i # K (SigNy)
R (AN~ 2 5 575 & (Si)k » % hBl % (Pattern) & %] &
Fp o HARESR o F i fiutdeT
1. = § 4% k& (SiO)2 4. %]
(1) 520 d 49% HF 4 40% NH.F 2 £ #8638 &
M oA o
(2) & Btpil: 3t ARI e HREFF B HF,
2 kR G RFRN L E S HRER T 4E S B NHF
2 HF 20t ] k24 o
NH,F — NH,"+F (eq.2-33)
HF — H +F (eq.2-34)
HF + F — HF, (eq.2-35)
SiO; + 3HF, + H" — SiFs™ +2H,0 (eq.2-36)
NH," + SiF¢” — (NH,),SiFs (eq.2-37)

() FRER : ETEI 40T -

2. § 1 K (SisNg)z 4 %]
(1) 8 2> 1 pife -

(2) 5 Fetp#l
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Si3N4 + H3PO4 + Hzo — NO + N03_+ H2P04_ + H28|03
(eq.2-38)

(3)F Jif & 160 Cre b o

3. 4E(ADK 2 4%
(1) - & & > : HPO,(80%) : HNO3(5%) : CH;COOH(5%) :
H,0(10%) (by Volume)
(QF st i pperg 5 ALOs > F * BEFE ¥
AlOs 7% 2 o
2Al + 6 HNO; — Al,O3 + 3 H,0 + 6NO, (eq.2-39)

R)F iR 145°C -

4. % & (Si)k 2 4%
(1)t 8 % & : HF ~ HNO3 ~ CH;COOH fr H,0 & & @ & o
(2) F Fetsd] @& * A a5 1 5 SIO, 0 £ % HF #-SiO,
2% > CH,COOH 5 ' g ik » &= H'
(3)Si +4 HNO; — SiO, + 2H,0 + 4NO, (eq.2-40)
(4)Si0, +6 HF — H,SiF¢ + 2H,0 (eq.2-41)

(B)F B R © 2E 3 40C o
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2-4-8 s % & » (Doping)”
3§74 ~ (Doping) » £ @ e 4 » LEM? > BR
A >t & f(Intrinsic) s fe B L HAg o % 5 2 A g(Extrinsic)

FRTOLEM ER P haR R AL EHY T OET

Mo 1 & S H e ~ et FEc2 (Diffusion) > fod+ 45 » 2 (lon
Implantation) o % 283 45 » 2 4E » 22 H > LR pE B R Y
X (Annealing) » #-55 * & G 0§ AR » B ARTEUR SR R
AEEERE T PRAES R o RS R R A THAS
A R 45~ chje F(Dopant) g - £ A AT H5 B e AT @
B Rt AFBIIRPIEFHR S o ;‘%‘E} q:j]z: T B

B o Ripdle i g 2E st o
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%33 Fitse

-nn\.

kit

R TSNN LR Pt

So M Bl R & 305 4T R B 0 4o 3-1 97 o
1~ %% 3% 738 %% (Heating Ventilation and Air Conditioning

System)

f [flen? 2 % & %2 % (Clean Room) &7 » %% 3 ens
el & Agrdl2 AR ER (2321C) ~ iR (AEER
BA43+5% 2 BF) ~ 2 (TESr R ER (R I E S E
Wz F P =012umz ek kA R B LB mBE I E 2 ER S
F ¢ =0.30umz Hck #c? 4246 1000 B ) - FEEF F 2 S F 0 o

2~ F HWER &% (Gas Supply System)

g

A — 4 x4 (BulkGas) (2fs~7f8) ~#FRF
%4 (Special Gas) ~ & Biz% 7 # (Clean Dry Compressed Air) -~

rie 7 & (Breathing Air) & o - g B 325 3 F ~ 3 4
EFELFE o HARF U I (oMt E (AsHy) o
Fxivd (PHy) ) ~dz:%4 % ( 40 % (Cly) ~ % & (HCD) -

§ i (BCly) ~ihits (BBry) 2 24 it &4 (PFCs) ) ~ it

5 Ap A (dem ® % (SiHy) BT & (PHy) <A1 & (BpHo) »
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ZF (NHy) ~= & i 4 (WFg) ) & #l4z® * 2 3+ (Toxic) -
4+ (Corrosive) ~ p %+ (Pyrophoric) 2 ¥ %t ( Flammable )

2§48 o #Ris% 7 4 (Clean Dry Compressed Air) 7 & 2k #

3~ B Rk« st (Chemical Supply System)

B EERR? BRIBRS A S R B ke
",f iR E S 2R E 2 (Quartz) 2 7 2 (Parts) Fie®
WARK A TE 2 BN FER -
4~ oK ER k% (Ultrapure Water Supply System )

Bk ke RS S RWARFE AT 2 ARk oA k2
Bt nfe T X B4oB 3-2 w17 o
5~ B # 2k % (Exhaust Treatment System )

BEF RR k Se7 BB AR A TR 2 B i (do- SR
FoREBFCFERF I BEEF P RRF)
6~ B8 Zyck k% (Waste Chemical Collection System)

PRS2 T BCR S RNGAE RSB Rl T A 2

ZRGWAM BPEm RBRECEER
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7~ Bk w g 3 B & % ( Waste Water Reclamation and
Treatment System )
e JE AR OR w T ARIE kSR B OK RJIE k SL o B AR 4
R T AEST A 7w AR 1 2 AR K o AR AR %
52 AR 2 Bk (4e- 4ipsdé (Acid/Base) - 7 4 (Fluoride) -

tEPREE (CMP) 2 A-K) -

3-2 5 PR RY KN

SR EE I R kAL BT A4 L WA ok (et g
k) o~ sk kAR R (kR 2 P+ 24 (Regeneration) %
FiimiE % AR EE 2t ik (Back Wash) * -k )~ B F ikiis
FIL koK (RIREEZ TR R ) ~ 2Rk (A 4 ErokE
2 HRE FHFZORE) R BOKARIZK S R (GRs kiR *
k) 2R e okE e - s MRS kY EERY KEL
50-75% 5 /4 r-K¥5 % shiisss -k 8 9 B K $ 2 25-50%7 ¢
oo P11 e * PKAEAE > 4o B 3-3 9771 o LI K2 fARE -

®EKEE T BWMP > dodk 313 4 35975 o

3- 3351——]@112}& * 2 J‘/}f'
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So VBT * KR ABHT 0 £ 380 Kok 2w fork o Ao 3-4 %
oo TR B & FEEARBCR T T s R kS w ok s 2L sk

% Fﬁfj\ o
3-4 HFHBRE T ko (F2

SRR AP E 0 k2 bk AR B o iland

TH it 3 vl U o P 4T o

ROk WAR KA E K o Aol RGN F

ROBRF A S R AT e Bl f2 5 N @ % RCA # ok H] A7 o 4R

(1) &7 BEUEL SFT > G & g lEd kL Fkt 2B

(2 2 BEHREREF2ERT > GRUELHRL2ZPFRF > 2

@) AFH KRR A Z G ERAEZFFEILE > GFERS
PokpFEEL @Y DV EIRAL L2 Him onk o
(4) # % 4 #r-ksg Blow Down -k 2 k%5 #ic > 4ot — = #ok

(Primary Deionized Water) = RO jk5-k ¥ 5 2 fr-k g2 4
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“uok > T4 % Blow Down #:-RpFz EFRR TE 0 0
Blow Down z_#t-K & o

(5) -k kA3 2 B 3 o & $8 (High Efficiency Vacuum
Degasifier, HE-VDG ) z_ & % & (Vacuum Pumps ) $ih3+-k ( Seal
Water) - 12— =t % -k (Primary Deionized Water ) & RO k4 4
KT R AE Tu R MRS 2 MR o

(6) F >z * ok (AArk3gE) 2Eim S RB2IFA -

(7N ASpeFlp P FE KRR G2 /TR T R pREREE 2

2. R EBY KR KL KR PR KTk R T
I S A i

3. R AWK AP RARTRLL » SHRTR < 2@
Ko RERERTEHR I KT RFFAPEIORT AT
Wl R B R o dogt e R R R W w2 KR 1

BRCORZ R A 2w oo
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4. TrEX AR WARS SRk R WA - g (Hook
up: T SRkt 31 Rk PR FREZRIAR) 245 -

5. @k RO~ UF 2 iksik 2 %% E 2 (4ofbasg) 2 F ik
(4oF)ip¥E % SR ) 2 S ERBRKGEE YT o

6. 7 %3 BlowDown z B-kwicis » 7 2 F @ r o

SEroREEZ A TLoK i H o

Y

7. hFRRHELA Rk E T T
8. WE BF RIFAKZ W ATRIEE N 0 T w jTiiFRck 0 T
w B EEZ PETR T K o

0. WEA-kfchFH T

\\‘%

5w T K

%

G EE T RN AL S

3-6 LR 2V FFELHIEE P b
A E TR 2RI v e s WlppRr 2t §E
& ( Process Chemicals ) fr3% % & * 2. i* & & & ( Facility
Chemicals) - @Az & &% ~Rp* ko> * 740 5 Qi f He
HRRA L EEL LR 2 CEERE FRIR Y 2P
dod 3-6 & 4 315975 o X IV BB ET L L ERB K LR

FUIRREE ~ BRI E 2 5 ek 3-16 3 £ 3-18 #75 o
3-7THMUS IR EFRInED
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o P13 1 Rtk R pToEGy ool 33
# 5 #% ¥ (Hazardous Air Pollutants, HAPs) ~ > & it & %=
(Perfluorocompounds, PFC) ~ %z 4 (Fluoride ) -k ~ % # (Arsenic)
Bk B B 4~ Bk & (pH) ~ & FHc (Suspended Solid ) & >

A iAo T

3-7-1 3 ¥ 32 # i3 % ¥ (Hazardous Air Pollutants, HAPSs)
FTELEFALP AR E P ARREXERRINE LR
2 F 4l £ 8 o % HIk % F (USEPA) t 1990 & om0 i % 2
(Clean Air Act, CAA)¥ =% 189 #aHAPs™ - }3 3} % Mk % % 123
b LEMEUB LT AL 2 HAPS e 3-19 #15] o A A FIE

WE c FNZLEREAANT AT T F LS dodk 320 41

SFEEFET R RNG S - B F ETREI NS L

w2 e 2 oop s
S S IR

B

(4SO, » NOx» CO > O3> PMyg) > e § 2 4 =
01~ 7 B i 5 % + (Volatile Organic
Compounds,VOCs) ; (2) ~ &84 1 oM it & ~ & % ~ 4 i3 ~Fi
TEaEFFF MR BR - RERRRTAL DR 2 & F
CERK R o3 TR F BRI PR T il

1. 5 &4 w %3 4 (Volatile Organic Compounds,VOCs)
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e VOCs HAME F RFpHGHrF ~w i ibp ~ -5 ¢ ’7’7:
E) RWGE-RRPHE - Z VT RESRAR ~IFR T2 ¢
A G E BT 2 M pT o VOCs ki ? 55 p LRoT ¢ 2§ &
it # (NOy)i& {7 sk it £ £ & (Photochemical Reaction) - & 24 & it
#% (Photocemical Smog) - #x 5 & i* F % Sg4~ F (Precursor) -
@ VOCs ® i & s 4 (CFCs)> 2 111-= % ¢ 22 & (g »
Bk F Tink (Stratosphere) ® eng pd g2 L F o=
5% & #F (Ozone Depletion )

2. &1+ & $(Inorganic Compounds)
APt e &g it (Hydride) 4 > B d i
o L EMEAY > A RR* DPF LT E I IEAN P
T 3av HF oL dk B LE (TLV-TWA) %42 3-21 #451) « # v
horl e s BRI A L iRy o PRI A F P RgE

fefd s (Acid Precipitation) ; % # Bl ¢ A2 2 & % (Odor)

3-7-2 24 iv & # (Perfluorocompounds, PFCs)

PFC* »> 2 #3525 4% (Plasma Dry Etch) % i* & § 4 i f

—*

(Chemical Vapor Deposition ) z # & 2 7% % /7% ( Chamber
Cleaning) T mpFCS?f;@__ZLk"F"'ﬁ CoFs~ CF4~CsFg~ CHF3;~ NF3 -
foSFe & o s Ptz B F M EAE A F Y A EAF R G R
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en14 5 8P (Long Atmospheric Lifetime) » #f = ¢k & 50 & v Tt ag
(Strong Infrared Absorbers) » »* CO, % % S+ 2% » 38 3 2%
& # % (Act Like Greenhouse Gases)z. - » # ¥ 3 23k E & + 4
(Contribute to Global Warming) - PFC% HFCi& § &+ § chps i &2

2R B e £ 3-22 #77)

3-7-3 % & Ax-k(Fluoride Waste Water )

Z& Bk RRE ARSI 2 SIOEN 2 4 & AR & &
Fath Bx f sk o B G PRI P S 3 ﬂ,ért TEMEFZBRF
AURRCK o F oA Bk A & 3RS (Livestock) % fe 4 (Plants) €
A 2 # e (Toxic Effects) - £ R K 744 5 5 F= (USA National
Academy of Science) =k ¥ 7B 4k ¥Y & 33 ik B R
2mg/L ; $H3iEEY kP & T Ak B o o] 1mg/L® e 7
PELERT PR A RARIZRE & B Rpg 2182 87

£k g2 Rz i 15mg/l -

3-7-4  Z AR Z B3R $ (Arsenic Waste Water and Waste)
FRVBCKE RS ORR L ARSI 2 p o B

WA EEARY PR ETA 2 2 ok 2 BT~ 5 (lon

Implanter) 3gF* %% (Preventive Maintenance, PM ) pF#r & 4 2.

AR o M3 & 1 (Poisonous) % ik & (Carcinogenic)
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hp T FE P g2 72k BERE R
(Black-Foot-Disease) * = = & (As (1) ) chd <307 §a
(As (V) ) » k=t » 2 2305 0 « A PHE 1 EFFHFE

B R R IR T A Bk F IR 2 87 & okiRE L 05

mg/L -

PH % F & % (30 ¢ B is k7 ki § B2 4 4 R8s
o AR PEEIERFF LR Ak AR 2 RF

5.0-10.0 » 87 & *x kB2 R 5 6.0-9.0 -

3-7-6 R FHok (SS)
ROFMORLER < B g B ART ]\lE «'«’F! %@#E}‘
A TSR IHE TR A AR F 2 R D 600

mg/L > 87 & *zin k%2 2 5 30 mg/L -
3-8 BT Bz AAF L

3-8-1 & % =8 BLEXF 32 % 3t (Point-of-Use System, POU

System)*’

1. & * POU A 2 i ke %]
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#* POU Bt f AT ik 3ueni R R % WA A A RBET
T2 BB B L E RIS s B ARk 2
A TR R

() h FAAIEE > EREF £ 4] (Exhaust restrictions,

blocked ductwork)

§ AR 0 g A A F A

% (Condensation of Vapors) » 2 2 FH484 = F

%
34
et
=t
™
=

# ¢ (Solid Build-up) o #* fAIR % & & b § »e 1 i

P
=
=5

NI R B
(2) b g F L &R (Ductwork fires/explosions)

v % (Flammable) 5 % (4v Hp) > 2 p 2 |2
(Pyrophoric) # %8 (4 SiHg)» 2k ¢ ? 514 % L & RF > i@
*ARBREGTERAFL -

(3) ¢ B chf 4k (Duct corrosion)

B F R ek F Cl) 2 83&aAHF 4ok 4 > 5
ZF it BCl)f M2 i) Feshirzr 2
ot

(4) * B RBEhE % (Exposure to human)
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# M4 1 (Toxic gases) > (4-a it 4 Hydride ~ # #
Chlorine) J& g i /i » Mg > & (L5 WX d WE §a ik
S € o
(5) 4=A ch A 4 (Ammonium compounds formation)

FREpm (R HR)F B AL KRB (F
4% NH,Cl > # fade NHuNO3) » i = F B enfe k> 88 d T <)
oo g ¢ FHTE o
(6) Z F iR & $£ (Air regulatory requirements)

d ¢ & &g & (Centralized or End-of pipe) rd® 3%
o B R PR FHED ROV FRE > LT HE R

(POU)EJZ ik 5u > M4 2 BB » oy & (32 g foo

35



2.

1) i

(2)

(3)

% 2 (POU) A # A i SL 4 J5

BN ki % 3 (Wet scrubbing systems) @ & 3N e is o
£ 3 =487 3% 13 L (Packed bed tower) > 2 % 5%
¥ (Venturi tower) » fevf 3% % (Spray tower)  J5d
oAl R rp 2 SR REF R (Mass
transfer) m ;2 % (Dissolve)*™ %48 ¥ - -k 3 4 & a3
B BEFRIETREE 0 Pl - BT FER (o d §
L N ERER) M R AR H (4% § Chlorine &
% # Ammonia) 2 T
vz £ g4l * k3L (Recycle or reclaim systems) :
ek B F ARt 2 WAz (CVD chamber)
% 37 ;5 4% (Dry Etching) w iz 2> & & it 4 (PFC) >
2B v 2§ gk W42 (Epitaxy, EP1) &~ B %
v f o
F fv % %% (Oxidation systems) : P = §& § * 0% - %
EAIE I
(@) # i 45 (Oxidation boxes): ¢t & sei & ¥ & % i &

F P e P i (Silane) s T 7 Y=k R A 1.5% (by
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volume)ps » T € 38 4 p ¥k o F| PR T iy K
A2 -F PR komnigp?rEgigT o
(b) * & ¥ ;2 (Flame oxidation): #-g # @ it & 4

Bo &5 (S f) s f sy e

(c)#: % % i* (Hot chamber oxidation) @ #- % i » T
BEodher g f (A5 F) 52 -

(d)& © &% it;2 (Non-flame oxidation) : #-7 % ~ %
Flger g F AR A5 W~ 53 EESRAE (The
porous wall matrix) » #X{s#- % 3L BE4e i > @ v

(incandescent) - i = F L 7% » PiEfEE
VERAL
(4) # B3Nk s (srd/ i B estAl) (Cold bed systems

Adsorber/Chemisorber) = p & § * 5 = f& 4| 3

(@) =4 (Adsorption) : g & > H K5 = ' (4o
BEE)E B P S I R e SR
ST R o

(b) it & w5 (Chemisorption) = #-it 5 4= F i ¥ 44
oo A F R (4o vl (adsorbent) 26 4P

3 7 (Resin matrix) ) =% & % Z (Coated)- % ¢ 4=
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F it § & (Reactive chemicals)t ¢ 4= & Jig 9
% 3t 44 4L (Reactive porous media) > ¢ B F E &2
AFF &S RE L6 Nt B EF -

(C)= %t & 4 » 7 % % i (Adsorption with air
oxidation) @ B F ¥ it & F (X H £F
Hydride) > At st ie > 7 » 3§ £ 07 § 0 Bghex
KT_«J»E"f‘JfL gj}’;a_,}: it o

(5) # - & 5k % 2 (Hot chemical bed systems) : p &

* ey = A5

(@) # 4 F &% (Hotbed reactors): #e— % BN £ %o €
BRFF RO BAFENFTE LR
BRAR 0 F o RF2ZCEFEFRESFTF R
oA mistt ERBE L F RHF 0TI HE
R 5 R MR A o

(b) # 8 4% (Hot catalytic bed) @ gt k su 2 7y b 1 4
PEFREFEN  CEERABE 0 RASYE
FitE&ivr > @S F PR N RS it

Lp (g H L Fi0F F) o
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(6)

(C) v # s # § it & (Hot reactor beds with gas) : ¥ J&
SREEEAF BB > b RERS > T

CETERM (R ) RERFCEFF LS

*

Ll
@

FIREA > S E L IR RT PF R
FRER AR (T jf’: » pck) (Reactor systems, Plasma ~
microwave) @ #-F f L E 5 T il]%éﬁiriﬁ»iﬁ BB o

BE pp A SRS BYLZNARF B

5

£ o afd® & 7 'z (Silane) fegk it & (Phosphine)

E%,)’@—-@ﬁ)\j;f‘ ,_ugbé_g@"gﬁmr-g;;g—r;}%,i

() Mokt % A AGE$ BIEh B0 bR BT

(Particulate removal systems : Traps/filters/cyclones/

precipitators ) : ¥ # ",f FREHE A o

it % BEe (POU B § AQT & 5o b Sl AR s ® > ho 4 3-23

’l""i‘,;lj o

3-8-2 Bk OBF I i sL(End of Pipe System, EOP

System)

- P F SR F PR F SR B A R 2 R

FooBRISAITE D F RAF Ik M 2 T o R
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FASA B EIE kS BT P ko &k BAJE S Ndrd
3-24 #73] o

1295 % MISEMATECH# 3 48 & 87 & % i 2 & § 1 4
kiR (pH¥) 9.0) 1% 5 seiiesE 2 et pr o $0 < 30 Bhid § 1
(4=HCI, HF, HBr,, HNOg H;SOs, CHsCOOH ) 2. 4 # 2% 5 i 4
0% ; $04 F 225 0 RIF R T Rk & F kB (pH
10.0 12 )4 it i ] 90%2 4 % 5 o FISFefeNFy 3 3307k 2 3 g
ki R F o RRSVIRIRZ RIZA R T o 1004 § 0 g o

FivpEAPHER 1 9 470 PG 22 4 gk .

3-9 WS >4 i & $=(Perfluorocarbons, PFCs)

;}"ﬂf %gc ﬁ.’ﬁzﬁg.llo

3-9-1 PFCAXHMI Lehr B

>4 &4 (PFCs) %2 & z g i 4 (Hydrofluorocarbons,
HFCs) & #4813 % e i > H 2 » 3 R 9l 42 (Plasma Process)
¢ TR F 2 WAREE (Chamber) 5 % szt 4% E

A R if’: % 48 %] £ H (Substrates) - & PFC 2 HFC 3 :Pf;

™
El

A4 & 35+ (Fluorideions) ~ p ¢ & (Radicals) % &
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3 o fﬂxﬁg - A ensg B iTr 2 ¢ > v g:];;u j‘:-w\A,\riﬂ(F -C
Polymer) » ¥ 3& k-4 %] c:E $# 4 (Etching Selectivity) 2 2% = |4 0
4 %| (Anisotropic Etching) » ¢+ 5 - 44 » F+ (F)% 4 ©* 3 (HF)=

8] R G B e

3-92  F%EFHA

FRBEEF e ERT UM £ F > 1096 # B K L4k
(Memoranda of Understanding, MOU) » & fizdt ¢ A g 4 |2 4o
*»RER L ER 1 ¥ PFC £ R £ £ 353+ % (PFC Emission
Reduction Partnership for Semiconductor Industry) - 4c » & 353+ %
thg B o g€ 1995 & B # 8 &£ PFC chac € » @ & %k e
i B L 1995 E AL R B0 - &7 4 E Mk R

%4 R Aot o d 38 PFC 2 HFC = f ¥

=i
; S
Pal
3\
Dot
a3y
"

7 (Atmospheric Lifetime) » ® $fi= ¢h &5 58 s fTdF (> & 1997
# § iz % 87 31 ¢ (Climate Change Conference) 2 7 #%3& T3
(Kyoto Protocol)® »PFC & HFC = 47 » & = =~ 2008-2012 # #p
Fa2ERSEEDF oo R85 PRFC engtic g L 48

IEF DTS T o HeR 3 o

3-9-3  RFFEH U PFCE v
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WRIF B p > PFC #2ahik 5 T ole 8 @ ARk id
(Process Optimization) » % % 4+ 1+ & & (Alternative Chemistries) °
i i/ w JcAS2 (Capture/Recovery) » % gL &J2 (Abatement) o
1. #l#2# it it (Process Optimization)
(1) 41 * % 2k ;p] % (Endpoint Detectors) » & 5 d % i #4724
oo Hark g2 @ gk b PRC engtac o

(2) i B % ¢ e EF > % @& * Chamber Clean %42 % if i
B 7 0 10-50% PFC e 2c £ o

2. T it & 5 (Alternative Chemistries)

x4 FH- x5 ¢ & F P F (Atmospheric Lifetime)
e > 2 ool 100- & = 3k A R s (Global Warming
Potentials) 7 PFC v HFC 2 & % o

(2) 11 CaFg & 1% CyoFg i 5 Chamber Clean 2_ ;% #|pF » ¥ % i1
% 50% (' million metric tons of carbon equivalents
[MMTCE] # 7 )éng sz £ o

(3) 14 NF3 & % C,Fs ¥ 52 Chamber Clean z_ ;3 /#pF » 7 *§ %

>90% ( '+ million metric tons of carbon equivalents

[MMTCE] # 7w )engt g o
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(4) 12 CIF; 1% % 4 J %l 42 (Metal Process):» Chamber Clean
P> 3 MMTCE 4p %2 0 o

3. /v Jcd2 (Capture/Recovery)

(1) #_PFC ¥4 % - #&¢ * (End-of -Pipe) @™ 2 » &
Bt hs %4 5 & Chamber Clean z # 48 -

(2) # $h P e E -4 3] ch g 4 S 1 (Repurification) 15
* oo & 0% L opk 3% & 72 (Abatement) ik A5 %
(Concentration Step) -

@) #im ¥ F G RIEH I B T b g’f%.i e
p 4 (Pyrophoric) ~ J& 4 1 (Corrosive) i £8 > foie ik 4~
B (Particulate matter) o # d2 % 377 F X EHRA T B
{1 PFC > bil4ck — PFC ehw e 2B B 3t » Rk
PRI B oo

(4) #1357 CoFg ~ CFyfr SFe chw T » ik 3R {4 | e #4350 NFs

fr CHFs 2 v e RIBFIRE > 7 % 8 AJL % 52 S pL3 %

(5) AF d i e dL i Sede b Wt gL ih 58 W iR 14>00%
PFC chitz§ o

4. B JEJ2 (Abatement)
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(D)L Ersges i Hoek gv>00% - L FZ " § 5 &

TP E P ORISR & R NENES X (Scrubber) ez

(2)p w43 FF SPI%(PIasma) ~ BT (Absorption) g% = *
(Adsorption) s 3% 2 “,f o
B) &> A EJJLhF * > m = fAS 2 HRF o
3-9-4 PFCREH%ihv (7EH> %
PFC R g #%ehv FEH > Z > 2 LF < 4% ~3HE1 R

24§ 1A oo dodk 3-25 #1F) o

3-10 SRR R * k2 Bk v TR H

oo PR 1 ez * K2 ok w o2 57 LR > 4Bl 3-5
e A R LT L FER R BORE TR IR
b B Sk E
3-11 S R R B kfEsEz 1

S FURUB K FEAE 2 44 > 404 3-26 3 % 3-30 #77) - 1 & &
AR AR S Aok R sBck s BARA Ok (Brk) W RIE R SR

Ko B F RS RERCK 2 A AR R RS o

3-12 S FI®i gk (Drains) & #52 mJZ R P
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-k (Drains) 4 38 B Bl4cB] 3-6 #77 0 A 5 WL E ol

AR o BTN LR F w LT LI 2 VL EE R BOK
I’Li‘—/%l-r:—% > B j}ﬁ)’%\ J\J}‘*k”;iaﬂ7 Zc”‘H}[‘t gLy 3»_1"’ @’F‘_E,L

FERIE D P IL R N R E IR R F B Pk s A

e

(1) L™ A2 RZF R ARAPRE » LR B o

(2) %5 Aok = i e R B Ae B W ARk e F BT R o

@) #d T aT2 A kApR > T TS g2 G T 0T
it e

(4) ® @WAeH k2 woio Ly 8 v o

(5) #F & FEALE 4 ~ A2 BN g -
LR FR R R R B 0 E 2 WAk A SR P 40T

(1) g dcfk 2 - F b

e R RV T L FEL N

Yofs 2o @ % N bW TadR o - T W T2 (CF E R
o0 0% e~ BAE (IPA) ~— 2% #3% (Solvents) %
B o

(2) Fie % o2 Beok AR AT
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YRRk T T & fo TR F R AR kL RA
Ao 7w ez WARAk 0§ UPW (S EEIR-K 2 UPW
w2 ik e
(3) /. TR Bk Wi B w0 AT (TR ) 2 fhuf
AL g R s N1 E R AR RIE R P E
i 2 QAR AR v oS 2 F R S EAE R R 2 KR
R KR 2 RITE N o - AW R BORARIL K o
R IR kB s P o R B s T BT B R e
Bos Bk BOR IRk s e AR R W T RIE S o
(4) & = @A o -k (Drain) A 58k A1
Bl Ars 52 ok (Drain) » ik r 2 (L E B Rz H 4k
Mk R RS e S e — B AR L2 PR T L
A~ B Am (IPA) ~ 7 #3# (Solvent ) ~ &35 1% &
(Local Solvent) (% &7 i3 &2 2L ) ~ 7 & A&k
FRBCK S VB EACK - ARpLak Ak~ o UPW 18 LR
Bok ~ UPW i L2 if-ike ok o
WA gk £ F 0 F reehw T AT 2 AT S| I ehh
AT fRERE R

(1) #Aaehmz 85 o
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(2) WARH 52 %% T RO ot BER S * ks 2 RLE (T
MR R A RS F )

@) AkFpEatFr gl F3AFLCFERRES A
o

(4) Fpok@ci it B H R FIE2 Aph 2 R o

(5) 2 AR~ R - stpeg (Hook up)

Fitz a0 T RS R RARI ATET R F 3 AREF S R

TR ARFF TR IR ARFF R Rt 2 EAE SR B RP C P ESER

BRMpE~E2ME S HREEERE RS2 dE DBk o

3-13 BB n%ﬂle)gimp;i‘ Kw g 2 BB % 34 41,42

1 Ak (Bk) 2 v jted? ki
(1) i ¥ gl cadg o RER-kl g icxk o BRR ¢ 74
AW SR ETAF Ao FIUBIBRSEE § PRI T

VW IE R AR A R R F S T RS otk e

*
|lo

(2) Jﬂ]‘w"ﬂ{ “U"gﬂ—\i“f#%iﬂ'frﬁt&}‘é%_j. ,l}“]LL N

F R AR RIS AT X H T -
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EIT R R A & T kR [FlAciE s kA [Ca% 2 %
oo [CAIF] > <304 42 KSp o= 4 X 10 » T & 4
CaFy 2 iTiikdr » 40> 4238 CaFyg © 2F +Ca® (eq.3-1) #f7 o
FoRY Z A BF A F VARG F VA A K VA UK
PR TV R L2 u/% °
b2y % LA
FAREEA A 2 B R S I BRI 1S 0 3 MRS RYE S R
£7 o
4, ¢ fod? ik b
Bdiy 1 Rk J"J te e s B AR AOKT RAcdkiR Y foz o
5. /Fd’@,fﬁ ffu43’44‘45
(1) g2 R32 2 A ok ehg i = 84550 0 T 0~ 43
fetb i o HY o FHS AL § M F B I BAK
@E@ﬁﬁ’iﬁﬁiﬂw(%ﬁiﬁ@)’%O@ﬁﬂg
FhE i S 45 E R AR GEA I B A5 L A
4 N RS TR 0 A PR IR TR 0 R TR
U AR Y
(2) F 7 A2

a. tHk~ & (Precipitation)
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Fe(OH); + H,AsO, + H" — FeAsOy) + 3H,0, (eq.3-2)
b. £w*s &=tk & (Coprecipitation or Adsorption)

Fe-OH + H,AsO, + H" — Fe-H,AsO, + H,O (eq.3-3)

3-14-1 7 B B2 kTR * F35

£ 4 & A+ BFH 25000 ¥ 2T & FARY KIRITEE bo

Lo # kg f:va it~
(1) HlARAg %k i b2 * ok o
(2) B kg2 * ok o
() zA* ko
(4) R AR ER A HEY Ko
(5) BARAR-K (WK woT s sk £ 2t Ko
(6) &K g2 ¥ -k -
(7) BlAz s B d-k2 4 ok o
8) £F* k-
(9) FL K i * ko

2. Kk
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IR KRR B RKE ke kiR R B w ok
B AR AR~ Bk kg S (RO) % 42iEim e (UF) ik
HER o~ B F seisEEZ oK E hF 2 484 (Dry Coil) 2
% EK e
3. KiRERES SN
L) p kokefr s ki Rfkis2ar k4
R R BRRRIE R B R o
(2RO EsEw fo-k » Bl D ¥k sk & £ 2 ik~ Waew
To s SRR R A R BH R 2 WARAE T Bk o
R)UF k¥gw jok =3 33 4R B (Humidifier) * -k ~ 4
ARL FroRAT K ~ 2 TF L W ARS R 2 A LRk o
(4) B f R iew ook Bl F RiE K BLIETRTE o
G)*rF 2B ML FRBIETA® R4k o
4, * kT GFRE
U o FIR 2 T R KT HER] 0 Ao 3-7 ror  * KEEE

kB2 A o ek 3814755 | AV IR 4o R 3-8 o o B

i

AEAT SR h ou2 R~ GREEH R~ fo g 348 A R R e H]
Bk $20 59.7% ~ 25.8% ~ fr 7.4% » £ ik K PR K E 2

929% o @ Z AL ERE* LEFEEGE IR G R o AZD A
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A F (8837 ) L wIR ALk KRR o T
Bo rﬁd]@i?ﬂ/{ﬁ‘ﬁé—éﬁ N R A A ded 3-32 77 A
B Ao Bl 3-9 4T o IR ok KBRS kB2 A

] > 4ok 3-33#77] 5 | A BB 0 4o@) 3-10 Ao o

5, Eif 2 A2 8% kE (¢3p kK2 wik)
HixdFld A2 %% ki

=do FlRH 7 8% R E ()7 ) [l P SFI2AZ (F)7)

= 4205 (¥/p ) x30 (p/* ) /25000 ( #/* ) =5.01 (#g/% ) -

6. Exfhfl2 A2z p kg

Hi-fhFlAA2Zp K+ E

Il

= S FlRE T p Rk £ () ) IR FIRE T RFIZAE (5
g ) o
= 1638 (#f/p ) x30 (B /% ) /25000 ( #/* ) =1.97 (#f/%) -

HixfFl2 Az fizdgs-kr &

|

= fe ]FT]E“{'E PRl Sk 2 (R ) ]Fj}&j‘ T REA A
(#17)

=1900 (wg/p ) x30 (p /% ) /25000 ( #/*% ) =228 (=[5 ) -
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8. #Wirw ek (%)

wipwicF (%)
= S FAF p g ke je* 28 FIRS P @zgs kr &
x100 -

= 1577 (#/p ) /1900 (+&/p ) x100
= 83%

9. EhwicE (%)
Fhor ey (%)
= S FIRF P ATk 8/ RS PR L Ex100
= 2567 (=#/p ) /4205 (#/p ) x100
= 61%
3-14-2 2 B R i3 A s
&0 4 Z A~ & FY 15000 ¥ 22 & R 2B s IR
4T
1. B F 2k su:
o S IR A F A 5 — BRBEF ~ FF BREF - 74 B

FoOPWBREF CERF T CREEFE - SRS 7 BEF

W
Ny

AR F DURRE E AR B T R AT R 30

H

FIL ISP G AR F T R AES 0 £ ORE
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Frd22 ot fy flR2 F % (End-of-Pipe) B¢ # 2 i bior & Bl
he @) 3-11 #57 o
2. BRIVE BT B ks
oo FlRCIc k2 1V B &5 Frph ~ Bk ~ R~ 3 5 A
fom ks o o LFIRACE Sk fT LB 0 4ol 3-12
BT o
3. B KRN AR
o B IR 2o B K P fe e i S 359 ol Rad® ko 5~ 7 4 Aok
e dR i S 1 B AT B BOR RJE E S s BRI BOR Rk BL o
2 o MR AR w domd@inge > o) 3-13 #951 o Fg-kok F P
LI
(1) & “F T &imz & Aok BEREFTR Y 248 SR~ WA
Bl fetll ARk r Tt ba B oo etk g
L 70%¢he SRR s &) 0 2 & L4k B 5 5 1000 mg/L »
A R RRIE kSRS IS 2 RF 0 % 10mg/L -
(2) pH & @ sgin-k FEF RN F £ 2 8%3% & 48 5 (Wet Bench)
2L 0 2 MR RSB R A A 8 o — 42 pH

B f 2-125 5 ¢ ook AR & AT (52 K FopH B4 6 7
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(3) CMP 2 SS: FIA= B s -k -k i % 7% fr Al 46402 # & &, SS ¢h
ER K E01~1%; mI2is -k F2 SS /] * 100 mg/L -

(4) A : BN BCGRIER 0 - A3 0.5mglL e
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4-1 % ]ﬁ]@lf&#i’ﬁ?/ﬁl‘ﬂ? AR GFNE

2]
Bp

)

Wg 1 ¥2 A REF2 W2 P77 B4 2K 2
WAR S 2 cRPF > TR YL ERFBEE A4 2545 €T 7
fooode iR RS FIRE 1 R g &S fdsg 2 WARHi
PP orig * 2 RE2 AL FTAY 2L A8 €7 3 o 3TE K2
FRAT B E TSRS - B drenE A T A A AT
G5 f g B

S EE 1 Rz kTR 2 9r 4 4 a5 4B 271 2
AEAEAE S WA 2 EY WK A M oA KT IR 2
AP Isz A Bt FER S SRR R
WA 22 RGE - ARRFEWURZ 278> T2 638
2ORAEAZARES L R U A E SRR WA 2 g2

AHp > TE LN IREF A TE S o

4-2 &5 W&’J‘?/ﬁ‘f'}* BEABIa2 FEt
1. A% 3 2F% & 2 "4

4R 2 5 FRCEPS kv s sk & 3 5 Aok

A (e % AT RITE G T BT PR ) 2% Mo F AR
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BB lﬁ]ﬁiﬂi@%%mfﬁ/é% C TR AP ipik ¥ 2T

Foowd WG HPRATRIZ B DR KL T ARG e

3. %ﬁ'ﬁlﬁix R = e d T ¥ I 2
5l ATen R TR o d N R FIERTH AL 5 4 4 AR

2R ARBB AP ILEKER > FRE LR

4-3HMABFEA KL KFTARNT 2 RFENE
Lo BB Rwied i kMK Lz Pk 4L

g3 FlR 2K wojore e B 18 ROk PR E b e o
T engh it o B B KB BE > 3% VKRR KRR e
Moo dok R RME G - AR E B EOREE R RJES 2 KR
R E BT B2 KR PledRiS 2 iR B AR

oo doim G R R R Sl RHRACK 0 R A BCR R R R P AR

2. L3 P (VOC) 2 24 it &4 (PFC) 21 isF 4L
e PR EN S EHEFAN VB R s 2 BURS ",f

E530 k@i VR0 VOC 2 PFC a5 870 1 3 & 37en3k (2
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RERXFRFLHZE R "I AR 2 ¥4 2 £8 0
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5 -

1.

2.

5 -

1.

2.

5.

m

¥ 5F%

L& ACK = W

2k FIRUK T §7r & Bl 0 3EH5-1 - H gy

kv F 2 plack @ H ¥ P ard o WA s B2 Rkw F R pag
Fooo W OT S I ORE RGP 2 &k adp itk o

H =5 rﬁd]ié_ly k&

-

FED FW LS SN TN

He&HF4 Az * kg o

2 8 PR A K R it A2

ZE R MRV K AIL i A2 & R 0 32R15-2 0 B 48k
Hephthz P EE L Tk KARFE AR E N
RS AE

MR F 2 AILRs (PR A RE) o R R L

o
“
g

T B Rk S BB B ko Bl B 2 18 A
TR SRS TR M F ST BB -

KERERTH > T SRR IRE T o
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5-3 & MAR B KTRIY Hi3 4D s 202 Reg

—
&

B AL ARSI s b T A LA SR
AR BARE KK RS 1R R A Y
BEEIRM oL ¥N1apih 2 Bag1 iEraFenig 8 o Y
KHBERMIAFRKGINM 2 1w ’A'%\llﬁif‘"/{%%%’igié{%"

(Utilities) 4of 48 ~ * B & L~ g -k2 BF2 B R4 ~ 42

Ja
‘-—' N
o=
B
s
D
.‘3‘3}
%T*
17,
iy
i
=
{ N
3
5y
=
—h
k|
il
a
=3
=
=
N
=

il
=
[<aily
patl
&
>
7
W
%
?‘i‘{:
a
N
ﬁ’l
G
Ry

FORZORFTRAT Z B EAB s R BFEEIREIEZA
4o AR NEFT LS
2. EXHEAAFTHRE

ML HEETRHE R L CPEFELTHE (i PR 2
FALA) 2 BATH (4ot k2 CBFER2 Y E 5L
g E g E) 3 AT (4t A
4. WARFA (ot WRRAR B4 V2 CFHER2GEE)

5. EE 2 HRF TN (I EEHS

1]
b
2
ol
ﬁ
=
(w
e
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BR) 6 FAFA (de BB SR T LEGEFFLA
NEZER AAE) R T MR (o ToRERFRE 2
EWAEETFALFHE R EREE) EFTHR P EF R
FooF B A R WAR S R RN E RIRR TR EE 0 ik

EN
LR P RENFESAES IR EL A2 P

i > 2 21 =3
E2 K

h

3. &R EMakE 4 (Design for Environment)
EREAS -WAR-RFLZFAFRF > FRERFEIRIE
% (Design for Environment) » RjEFE & & ~ ®A2 2% K & gkt

BAF o LS L NETNAERBE DD Do

5. B2 KFTRE BAF " 42

S ERES IS - SRR F. 0 S Y SVER ¥ - F2

‘\

%,

48 (Food Chain) 2 ;2R » 2 =R FRZ BRH 5 1% 48> 12

B

PR (BRAF)TLEEERG (RAE) 2% L (2R~ F4)
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Al A5 48 T ¥ (Analog ICs)

FRR* # 1 T 8 (Application Specific ICs, ASICs) : R '£7] (Gate
Arrays) , &% 7 » (Standard Cells)

i34 7 B. (Communications ICs) © % 32 = g% (Local Area Network,
LAN) -~ & %% (Wide Area Network, WAN ) ~ % & & 5

( Synchronous Optical Network, SONET ) -~ #&ix# (Modem) -~ & 4
W (Wireless) %2 4187 B

¥ it 13 P~s 848 (Dynamic Random Access Memory, DRAMS)

B> 2 52 % (Digital Signal Processor, DSPs )

TFEYG “f OV AR L rEE Ce Rt (Electronically Erasable
Programmable Read-Only Memory, EEPROMs ) ~ £-F =848 (Flash
Memory )
Heyz41 3 = (Micro Control Unit, MCU )
u%#]@m % (Micro Control Processor, MCP )

Pi“f T AR SN i v 2 2o 48 (Erasable Programmable Read-Only
Memory, EPROMSs ) -~ riif 2o %8 (Read-Only Memory, ROMs)
B A7 % d & 2 (PC Chip Sets)
AN 3P Bt (Static Random Access Memory, SRAMSs )
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1997 |1998 1997 1998 1997-19
98
BLEL 27 g YRR (¥ EfRr [FES
(F 4 %~)|(F 4 %~)|(%)
1 1 Intel 21746 22784 4.8
2 2 NEC 10222 8135 -20.4
3 3 Motorola 8067 7086 -12.2
5 4 Toshiba 7253 5869 -19.1
4 5 Texas Instruments |7352 5820 -20.8
6 6 Hitachi 6298 4620 -26.6
7 7 Samsung 5856 4595 -21.5
9 8 Philips 4440 4445 0.1
10 9 STMicroeletronicx 4019 4197 4.4
8 1 Fujitsu 4622 3826 -17.2
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# 3-10 AR W AR AT ¥ chit § # 5

ARE kR

sk FE % BE B
Photoresists gﬁe)\?/elllo ers Solvents and

b Cleaning Agents
Positive Positive Deionized water

Ortho-diazoketone
Polymethacrylate
Polyfluoroalkylmethacrylate
Polyalkylaldehyde
Polycyanoethylacrylate

Polymethylmethacrylate

poly(hexafluorobutylmeth-ac
rylate

Negative

Isoprene
Ethyl acrylate

Glycidylmetharcylate
Copolymer-ethylacrylate

Sodium hydroxide

Potassium hydroxide

Silicate
Ethylene glycol
Ethanolamine

Isopropyl alcohol

Tetra-methyl-ammon

ium hydroxide
Phosphates

Alkyl amine

Ethyl acetate

Methyl isobutyl
ketone

Negative

Xylene

Aliphatic
Hydrocarbons

N-Butyl acetate
Cellosolve acetate
Isopropyl alcohol

Stoddard solvent

Detergent
Isopropyl alcohol
Acetone

Ethanol
Hydrofluoric acid

Sulfuric acid
Hydrogen peroxide
Nitric acid
Chromic acid

Ammonium hydroxide
Hexamethyldisilazane

Xylene
Cellosolve acetate

N-Butyl acetate
Glycol ethers

Ethylbenzene
Chlorofluorocarbons

Chlorotoluene
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CH, CH, OH] OH
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ke g%\l (2-ethoxy cellusolve Acetate, ECA) S pE % G pED EE
2. [ = p}° pipEpspa (Propylene glycol K JE 2 ZbiF R 0 iE
mono-methyl ether acetate, PGMEA ) F|¥=3 2% o
3. F'fac fig (Ethyl lactate, EL) B oo
4.  ( Methyl-Ethyl-ketone, MEK )
2k |1 mp e
2. N-7 #:te3 i CsHNOCH,
( N-methyl-2-pyrolidone, NMP)
3. - 7 A%k CH;SOCH;
( Di-methyl-sulfoxide , DMSO)
4. NH,CH,CH,0OH ( Amino-ethoxyl-ethanol,

AEE)
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Silane SiH, LI || X X |5
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Silicon : o L = pd
Tetrachloride |26 |® ™ # ¥ X X
Arsine AsH; [R5 48 X X ]0.05
Phosphine PH, AL | X 0.3
Phosphorus o
Ji 22 2 3]
Fluoride PFs R X
Phosphorus
Oxychloride POCl X oa
Diborate B3sHs AL i X 0.1
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Trifluoride o3 B XL
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Trichloride  |°C13 X
Hydrogen -
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4 3-22PFC 2 HFC ip % f f cpr 2 2p = 8 47 4™

v &4 CFRGEF(E)  (2RURER LK
Compounds Atmospheric Lifetime|Global Warming ldex
CF, 50000 6300

C,Fs 10000 12500

SFs 3200 24900

NF3 180 9720

CHF; 250 12100

CH,F, 6 485

C,HFs 36 2740

C,H,F, 18 1330

CO, 200 1
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% 3-23 ¢ * 2B (POU) A 7 AC 4 st Bl 2R 7 chi

B

POU 4] # %

Wet clean hood with NH,OH/H,0,
bath

Wet scrubbing (with chemical addition)

Wet spray etcher with aqua regia

Wet scrubbing (with chemical addition)

Silicon EPI with hydrogen vented

Wet scrubbing (without chemical
addition)

Silicon EPI with hydrogen abated

Oxidation with hydrogen present/wet
scrubbing

lon implant

Cold bed
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