WA oA A BE FdEtet i QA

A B vkeA] Ak AAE0] 200 mmolA 300
mm wafer= Fit AR E A&she oA 28
+(cleanroom)ol| ©$t EFEM(Equipment Front
End Module, [SEMI E101-0600)2.29] 71\d W
3tet oA gz 4 Ao} Az 75 At
AN o AL 29002 o4 Ha gk
2 obA 300mm HolHE Wi At AR o
23] A AA7F QU] ol AFe] A A
AU E n2e B3l g g & BF
38 A2 A w)(Standard Operation Proce-
dure)o] AAEAE A Ho YA FiL 7] HE
o o3t Hellq MEE 0F B gjdt Ao} 7%
S} 819} Infrastructure®) F30] AlF3] 245
ol A 9

AW o7 WHEA G ERlolA Y] 8 o
< 9% W N9 2e 4% AvZ(chemical)
ARgol gt W 2L 9] 7] (outside air)oll 7]
AakE 2PoZ v 4 dEd, SOx, NOx £
O3 22 97] 298 1 B¢ AAA 8 &&=
A4 Arglek(native oxide)® 22 oA A9 9
¢lo g #g3te] ASS(air scrubbing system) %

A2 DE)(chemical filter)2 Ao)3ted Frh1)
a8y, 3 Yregozo vtd tulo]X w4

go ksl 2dF 87 Fol £X3e AMC
(airborne molecular contaminants)oll 23 &
d3pdo] B} APAHoR A4 @ AoR dAH
7] Wi, aA st wgt W, 7] 7194 &
A LE AANE A AR LEEAN G Al

A4 fgo] FF Bt T2 AA sz A
2t [2] ool wetA E =EAAE T 43
234 29E9 3 AMC 299 %7, 24
Aol 7 a2 a1 oGA 29 Ao WHE A2"

& sfof sh=Ao] dis) ¢o} BuA Frh

[

2. 2 E

2.1 AMC(Airborne Molecular Contami-
nanis)2l ¥ A EF
Airborne Molecular Contamination(AMC)+&
SEMATCHY 7)&el welA acids, bases, con-
densibles 2 dopants® TFEHU}(SEMI stan-
dard F21-95) SEMATECH 7159 +&82 # 13
Zh[2]

2.2 AMC 28 X029 22%

27) ¥tEA g 3 AdA e F2 EDF HF
9] YA (particle) #2 & FHLE 39 54 4
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I 1. SEMATECO| BTt AMC BR] 7IE

MA A corrosive material whose chemical reaction characteristics is that of an
(Molecular electron acceptor
Acids) 2L 7 B2 3hehkg £40) AR electron)E W (A31A)
MB A corrosive material whose chemical reaction characteristics is that of an
(Molecular electron donor
Bases) PAYS 7k BAR sjehkg B4ol AAlelectron)& F.(H94)
A chemical substance, typically having a boiling point above room
MC temperature(>150°C) at atmosphere pressure, capable of condensation on a
(Molecular clean surface (excluding water)
Condensables) 146:11_1 02 2= Hol ARKrIWste] 150C oo, AR TH(E A9l
% 7ts¢ 24
MD A chemical element that modifies the electrical properties of a
(Molecular semiconductive material
Dopants) | w4 249 47149 E42 v & QI 33 23

o Al AAZA EAY 2 go] Rty of o]df U
S Aol ok HA 57} o] Fo)A] sk}, e, fule]
2 AZAARE AAe] g HHA 3zt out
o] ~(device)® Design Rule®] W] A3Kshrink)$}
A T4 2 9 (materials)) =Yl =} A
TN FAY A 29T vE EAE 29
(AMC)ol 374 £%9 +8 9oz F7H9o
W e 54 2 284 E%FNon Visual
Defects)o] YEt7] A&38te] ol5 2 F9 Alo7t
Az AAEA 8 HojAx Zh 9ol tigt &

g 7IES A4S LAFRA g Ao A&d
I e Aoz ggaof g

2.3 EUE 98 HOj X M3 YO
AMCL.%ol vl $3t Aojg AaiE 2o
o st ol H3E 4G st A 09
8 A9 Ao] Alxge T} HT) w3
A9l Ao} A2dE AR Aol ey F

Al
A

Mz

2 AA(factor) 9 9 % 2PeEs AP
g &43td %3—%}0] Agstojof g},
olZ A wA 299 wAHo] FFrHE o o}
#1. 5, FABo| £A4alE 2o 9% Ex 22
Az A F BAste A S YA AA oA F
AsteR] WEs] & glojok gdh(ay 1) &
2,99 371 9 #4 7)eo] QlojoF ¥} & 1
A dute] At o774 38 dojH ol meba AAIZE
o9 B At v R ZEA 2] HrbE
71€A A FAZE QA 9 Hrh 74 "S‘Eﬁ.
HEA] gR Eojol LEAQ FA7t 2E
o 283, 349 L Q@ tto]2e A °]
otrjojo} gttt ol L9 Ao B #H &S
FYsked £1te] "k
agu g oF FH LAY BH F
A BAo wal Alo] A|l2RlE ZHo
*é&ff L2 N ~E A srekste] ERAY &
Hog 29% #&(control) & F AU Al2E

ol mlo

pacs rlo

#
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Bay c1 Chase
C2 Make—Up Alr C3
Exterior Alr

Air to Mini-Environment Fugitive Emissions

(Sulfuric Acid, HF etc)

¢ ‘ Chemical, Gas

— Qutgassing
CAMEI {Boron, Ammonia, Ammonium)
Looation (Hydrocarbon, High Boiler)

C4 Plenum(Basement)
Additional Exposure to Outgassing, Process Leaks

ldc =, 2000
3 1. SEEU 23¥Y EF

[o

g T53kefof gl T AeR FEE ¢ .
dNA o oo tha ZEZHI a9 :l% 194 2859 84 298 2 ua
o Zo] M2 A Foj} facility & plenum #|  Cl, C2, C3, C4Z F&3th & C19 A9 97

o
M
2
r

ol Azdeka Azg, A HY5E B42 ¥R C2% Bayd) £4)
she AR, A6 5o AR BHE 0,

23.1 SEE C3e T4 M2 orA Zg Aitd Fad
Fa59 o ] A RRHE S WeF AHoR we o
£ 371% 3% 3 902 4897 Yok T2 Ca Aol F
w2 719, F9E 4% f99E, PRt Aegn 9ol

e
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7tau Aujde) Yo g oS Ralsle Ao dodle L&(0y), a1 4% Ayl HAg A
&e FUEY BAY 2GES Ao ¢ B o dgdIdFe FE SOx, NOx Fo| k(3] °]9Jr
g A7} er% Aoz AGdY Yo EFF 7L FAJ A#E EFS AT LHd
o] Y9 AYE oW FfFolx FHHor FUF Y= TFHE IV, ¥4 AvZ B 7}’*
Aoj A A7} °1L7a‘ A #Esfof A7 i EUE WAA, Jr%’i A o2 X 29 2ol
b 3 2dg Aojsln AFste dAYolEe] B 0HEZol A dPHoE ALHAUE A
Aok & Ao}, & HoFr
T3 tulel 2o FAGI} g wef 2
2.3.2 AMCO| 3TF % ET o] FAE HA Sl 9l7] wEe] AMCrt
HA7A e FAHS Ads= o2 4eld non-visual defect® Z-&3H=d] 91014 Humidity
AMCE Photo 3739 T-top EFS F2A7]= 9 9| vl$ $83% ARE AFs Ytk F
2 U oHNHs), thin oxide5olA A Astes  F 304 A &34 Zo] 34 I3 A 181
H 2. SEMTECH 2R0| 2 2HY ¥ JF BE(2]
Hydrofluoric acid, Sulfuric acid, Hydrochloric acid, Nitric acid, Phosphoric acid,
MA Hydrobromic acid
- Corrosion : Wafers, substrates, Equipments, Instruments
- Contact corrosion
Ammonia, Ammonium  Hydroxide, @ TMAH, Dimethylamine,  Trimethy-
lamine, Triethylamine, NMP, HMDS, Cyclohexylamine, Diethylaminoethanol
- T-topping(at DUV Lithography at Chemically Amplified Photo resist from HMDS,
MB SC1)
- Silicon may become partially nitrided
- Salt formation
- Haze on wafer surface
- Aluminum or copper corrosion
Silicone(b.p=1507C), Hydrocarbon(b.p=1507C)
- Phthalates affect Gate-oxide reliability
MC - Silicones form particles
- Incomplete wet cleaning & etching
- Not open contact
- Can fog Optics
Boron(boronic acid or BF3)
MD Phosphate(organophosphate), Arsenic(arsenate)
- Doping problems

3% Chlorine, Ozone, Hydrogen Sulfide, Sodium, Potassium, Molecular Metals

o A 2o} B4 Pyl YA A AU,

& SEMATECH RE3A[2] A+
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H 3. 3FE AMC ¥ 329 SFH Fuy'

, Contaminants®

Process Step Failure A B c D H
SiN deposition | CVD | Haze, Low thickness uniformity ) o
Pattern Photo | T-topping(DUV) ®

Py . Low breakdown

Gate Oxidation | Diff Field/Oxidation rate o o
Poly Si

. CVD | Unusual growth e o
deposition
Metal RIE Etch | Corrosion ) o
BPSG CVD | Moisture Absorption Vth shift ®| O
CMP Etch | Contact resistance increase ®

Zz 1. A8 %A : Toshiba Corp. Semiconductor, 2001 [EEE
2. Al acid B: base C: condensable D: dopant H: humidity

A F B2 wa}l moistured #eE] D Aojr}
tujo]2o] NZA 3 B3 Aojo F23d QA
Bzt g Aog oatdr)

2.3.4 ZEEOI(Conventional) SAS0IM 2
EHIo| B

FHUEFL 37 &8 (air-circulation)el wHe}
L Ao BA zol7t o), dubd o= g
T 29E Aojstuzl s Al Ad A 2
El(chemical filter)E A33l9 o 2G5
met A= BE9 vigolmedia) ¥ #37
(resin)& A-43td A7 tha v gHA B
gd7ol YA A& GHE HoE S Qo] vl
A kARl Ao} whyo g A gao g} 19 3
& bRl ZAEAA Y o dAe B s
BoFEd F9F T2ANE £87)(circulation)
ot ULPA%E3} FFUY AX|3AY Adnjatoz
A Aol fegE FFEA A Ang eE
A&ste At 7 BEE2 doln,

2.4 300 mm YA FABOIAMS] 99 Hof AJAR
1 274E

2.4.1 300 mm EFEM(Equipment Front End
Module)

AAAHSE 300mm ¥4 FABY A+ 200mm
qret 2 ZUE FAE class 122 43 &
3] ¢on 1o W infrastructure’} &5
o] YukA 0 2 class 100~1000 +#2.8 Ads 1
At 23 1Y 49 2ol Foly o] (wafer
handling zone)¢! EFEMo]&}= HE2S class 19]
=2 #2359 200mmol A9t 22 A 21E &
B3ta glon F43 29A07 0% YAE A
LTEHIL Y.

300 mm FABZ EFEMeA 2 94 Ao uhy
& gged A48 & AT YHoz FFU
(fan filter unit)oll 33 £ & Ao} ¢ AnZ Pe| 5
< AXs {A Ao ¥ AAT v §H2 Fd
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7l

SR e Class 100(T) - Cliss 1000
m ,.L.is-_: By woll .
¢ OHT " (if prasent)| integrated mini-
e vean ;, environment
A (equipment

supplier scope)

No gap
between
FOUP and
thie loadpott
during wafsr
process

* Equipment
body
(Process &
Metrology
equipment)
E15.1
Load port(s)

Raised

Adjustable dampars
25 required

18 4. 300mm SHE GHEIRL EFEM X

3 AN EARE A
Ho A9 moisture Tl ]Z:Eé!?ﬁ,.‘li 2y g=
nitrogens X9 At 2o
A agsfor & Abgte] Hoj 9&3}.(1% 5)

T AA7] 2 ZAANAM Y outgassing L H 9

(a) EFEM

(b) EFEMLE=?
8 5. EFEM & UF 2=

FF sdaor & Bl sAo #4 % AMC
RUEHS A3 A2 AR ol meh A7) &
B, qgst FF qAEE FAZ B 47t 8
THE FEolg & lvhl4]
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18 6. EFEMOIA Xt OfF B=LL Air Stream
(PMS, 2000)

2.4.2 EFEMLHC| 231} A|AEY

EFEMWal A& gl o5 9 o] 5 (loading/unload-
ing)ol W& YzHparticle) Aol W2 ol B
ZFol d3kgo] ddt & 2 694 B 5 Y%
o] ¢l Aol FEd= YA FOUP doord]
N (open/close) 2 91g YA} Hol7t Yt
o] Ax=25E EFEMUY 7]H(air stream)9}t 2}
(differential pressure)] A3} 18)x 4% A
29 i o 77} A} Aojel w9 FLoF 249
& d4g 5 Ao

EFEM AA +z& Fd8o2 A7

ol

i

+

N

Yiddy

Class1

Class1000

#eo] FEH oo sh=d F
A oplg Aem

2.4.3 200 mm Cfid] 300 mm &t FABOJIAC]
& 2Ny

300mm AJAF Awlo] AHg-EE EFEM(equip-
ment front end module) ¥ ¢ o] % (wafer) B ¥
o] A}&¥+ FOUP(front opening unified
pod)E golA A5 BokSol 200mm Adnle ofF
B (loading)} o1d FHE (cassette)s} B2 o
RE Ay F2E /AL Q7] Wi Ry B
dlolo g Aol @] 3l HIF F2E JHAAL
A},

¥ 73 Zo] 300mmAYAHEH|A EE ZE
(Ioadport)Z &3] slo|5 & FAo] o]FojA& A
#(chamber) 2 ©o]&3telH W=A] EFEMS &%
ok &t o] XL 200mme} STHUFH 2L gl
u AlzEle] Ao uE] o] GA Fats o 4
o|Ho 949 AIHL FEHOT Eo} Fon
3 200mm FHIE AL AAFQA FHoff-
gassing or evaporation)¥} -2 2.4 ¢ 50| 75
A A (sealing) T+ZAA & A-FH(pre-pro-
cess)oll A ZEE 2. Ho] 5 (post-process)

Class 100~1000

12 7. 200/300mm EAt Cleanroom 2%t
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S e
J

oA A5 BEol 300 mm FAe] SlolA
EFEM AA 72 U522 AZ8= A3 A
At o #Aego] FEHolo) sl dA 4
FANE it AAZ ABIAA B FAH]
o7|8 Ao dAardr

2.5 2H0] TR ALE OIS

2.5.1 SE

300 mm FabollX& 33t Y=t 7oA 7]84
22 FOUPE AH&sA HH AAHoZ Ay
(Isolation)”7} &1 = o] FOUP o|% 54 144
T 7|2 Ao a7HAE ¥E ALE oitH
7] Etﬂ—r")ﬂ ‘a‘_—ﬁ“_ Class 100 000 :L‘_ﬂ }2})])1‘1'

Make Up Air C1

=%

8] WEE Mini EnvironmentE #8389 Class
1, 0.10] g¥td oz 300mm A4+ 219 Basic
Concept©]th.

g P FE AdAA 1%
80| AE(product) A= FHo| 3
843 S A He FA7F e 7k T
FOUP 7|2 % ‘}l isolation Z2¥% PWP(pamcle
Hol| A HH ko] R
i ¢x] FA7Hprocess to process) ¥L A(cross

sl

3
o

wafer per path) =

contamination)# 4134 7% (process reliabili-
ty)E HHEA] soF B "o Atk of&2 AMC
ZRo A ARG AAMNGY Ao FYHE AH
Aolu% 8% #zo|th. OiitE FAZ A3
A&A0] 2TFHAT Al Wt 4 2 vjd&
aeste] AR ok Frt
300 mm FAB % EFEMl tigt 9.& Alo] w4
o7 AE a7 83 Zo] o)y olF, AH|2 A9
24z} o]F T9E st TV FYE 3k 9
712 A4 AACHFE Z2AA AF(C)E F
#FaH e8IV AHlaU ZAYA o] gAY or

ol

>

Chase
C3 c2

« 100% ULPA Coverage for Class 1
- 10% to 20% ULPA Coverage for
/1,000

DO

I3 8. Mini Environment X & Q80 L&
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"ok Wajo] @Al Blawd EaH o #
U ovg-S Wds]) AEs o gt

§9, 200 mm FAB/ el 9] dubael 29
o] W2 oA el vt Sl FAAI = A
z o]&g Wil 7Y WEAHo=
OAHU, 37), v T H&3t3 JAT 37
A wA7F Qg o] ik o]o whekA A
9 HE A#AE Y8 ASS(Air Scrubbing
System)E A5 AEHL gloH AT Mde] &
18] o] Fo] A1 rt.

A FUENA LEE A e Yoz
)& A(source) & 2o} s Ash= Ao /M 8%
HA R o] 7hdA AH] ZA o] 34 FolA W&

= FA7F 7B At £3] w7)(exhaust), &
AW (scrubber), W H.(valve)®} 48] PM (pre-
ventive maintenance)Al 2.9 wi&Zo] 7H B
i 5 o] JHelA ] EFHQL Ao Wty
FEol Ha¥ Aoy g,

2.5.2 ME(Mini Environment) XIo{
300 mm FAB9A EFEM 2.9 o] An] 3o

e 49 Mini-environment W34 Q49
AF3t d2o] AT F Ytk ool g Aoz
A 253 VAR AvZ FEHE 7P Bl
ARE3HE U5 0 F SN A wER e
18 o] ®(perforating panel)?] Wi¥E 24 A ojd
Fo)3jof & ot} Minienvironment®] 3 5
83 AL o GAt A duit WE A)ZRfe] 3]E
(recovery time)dte] szl #de] @
Atk dgAdor EUFH 22 MY 24 Ao Al
»®3} SOP(standard operation procedure)7} -5
sjojor & Aoln ¢}, FFUR4< A8} 19
3 7kg F83 A ° Aolh

2.10.3 FOUP{front opening unified pod)

300 mm Wafer Carrier®] tj-+73}d] u}& &%
ol ¥4 |43 o}&7 Process?] Ao m&
oA gZ AANE & 9] A7]7} FopA A Y
e} #E] 7R g48 A gk 539, digs
B2 e gzt Ao @zl Alo] At Au] A
A(material) ¢l o] 2 &elA A7) wizol 7bs &
T Yol M e Lddd AR MAE Fsto]ok

8 9. Mini Environment
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& 10. FOUPL LHFFE

A3 11 BN wER

sk wEkA, olddorE dA AFIHE Fu
Maintenance®joll= 2427} ske Zlo| vpEAlsit)

kA o 2 FOUPS AR A o2 24 879 74
o] 7Fs8l7] Wiell, &5 &7 tig Be SHAA
= 458kt FOUP A AjdedA e f719¢ 2 A
FolA e g g 27t 0@ 2 Pald YR 2
A FE G EAC Fokstr] whEel o] EA< 3
AL Y8 25 nitrogen charge W2lo] 2= AE

S k(29 10)

2.5.4 BTCIF(Garments)

gutd oz FPEW Uzle)F(garment
AAo] et ol A S HA A TSP A
L3lEe A%S F7etn Yo 53 B Fe
AAZHE LAE SHEEY Ao oz F9F
o vlahH ULPA ®£+ HEPAY 22 7%
o w$ Fedth F2 3
(polyester) & AH&-3h A& 9] pore sizeE 0.01m
74 ZHA sk 2HE &S 0.1~0.3m 9.9% 4%

HF

(o]
o

m
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H 4. QH0|22 AMC 28 X9 JIZE (ITRS Roadmap 2001)

Years of Production , 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2010
DRAM % Pitch(nm) 115 100 50 80 70 65 65
MPU/ASIC ¥ Pitch(nm) 130 107 90 80 70 65 50
MPU Printed Gate Length(nm) 75 65 53 45 40 35 25
MPU Physical Gate Length(nm) 53 45 37 32 28 25 18
Lithography-Bases 750 750 750 750 | <750 | <750 | <750
Gate-metals 0.2
Gate-organics 90
Organics(CHy) 1620
Salicidation contact-aicds 10 10 10 10 10 <10 | <10
Salicidation contact-nases 16 12 10 8 4 <4 <4
Dopants <10 <10 <10 <10 <10 <10 <10

Yellow-Manutacurable Solution are known
| Red-Manutacurable Solution are not known

Az 2ol AARRES A7 o} AFHA % wo] YA FF cJrpo] 29

9 45 #il
Aol 715k HEHof gt A webA AMCOl i $24% 29
Aolwel o] AH oz 2750 d Ao
2.6 HOIAE 2@ W FF e & Jrt(s]

tufo] Ao th3 AMC 2499 #d) 7|&& ¥4 a9 12& Yulol2e] Al E(Design Rule)
9} Z+o] ITRS roadmapoll A A A& nie} o] = 9] scale downoll W& AMC 2§ #lo9) 524
M BE 09 2 97 9o UF Aol £Eo] & EA F AR T 49 Zo| TF AMC ¢
3 Dol B4 e Z7p) daEEd,
J— . AMC 2% 294 MA ¥ MBE %2 Zd3
Azt TEEo] a 347169 FHOB U
Yo| gl whd MCS MDE B3 2% 414
JE 2o dxz 228 o daEni[l]

Wt G Aol Ao] A 28e] ATl
% MC, MD¥ok] 0@ YZ87} "asn ot
T2 12. CHPIA scale downdl M2 9% gy = AH] B AAFEY A (Material) ] 7191

1

100%

60%

40%

20%

Contamination & 225 (%

0%

0.35 0.25 0.2 0.18 0.16 0.13 0.1 0.07
Design Rule{um)
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ek A2 B4 ALY £ E(purity) F¥ =8

= Ao 27k
ol & N
TE(eve) 74 Aofalok shf?

& H O a8 =
Particle Molecular
Contaminants Contaminants
1G : 4 ~Fum _

271 2G : Fum~0.lum 2~50A

& ® { Hard particles Molecular

o Control with Air glorTﬁﬁgl{ltml with
ilter ULPA, _}_;]_-?—J_o (g Z]] 01 J]Ei
HEPA, 7M1 2E | i Coen, B2
Visual .

= x -

% Contaminantion Non-Visual

ol Bl BlEe] $3 ujolx PAE @
Folt BhFAsE F23 Qo] oA %)
WAL YAE g, @AY ZEge] BE A%
Hog FAs o|Foldet ¥ Aoz Azu,
Bedl E 62 AAD BN BT AR

H 6. BT 0ioEl= 2% Mo Jis

+ &1 Short-Term Mid-Term [Long-Term
A o] |AvZ A Aol

% A |Avz 289 | .
4o |58 712 Mini-ASS UV-%&)
a1 o |Bulk® 7B Process7idel | 57 Al]
P Aol azg ol z2d A2

flm F2A99 gogxﬂomﬁ @wg ‘;-l P

ue} Hed Aow i)
A 2e 94Ale] Wl o] A A (cost
effective) STolA] A Ao] glojo} k=] Az

Yol 53 A8 (fexibility)ol 2347 28
9] W2 B4 29l WolA] Ruizro] Bk, Hebd o
S WL Agab] 93l F371He LGAoIA
) 97 Aol 3] olto] A3 Yow 2w

HHe 5oE 0y Aow Az,

Nt

(1] “9=A Z2Ax SHNA 38 e Aot A,
Realize Inc., 1997.

[2] SEMATECH, Technology Transfer #9505
2812A-TR, 1995.

[3] A. Grayfer, O. Kishkovich and D. Ruede,
"Protecting DUV optics from airborne
molecular contamination”, Microlithography
World, p20, Febrary, 2002.

[4] International SEMATECH, Technology
Transfer 99033693A-ENG, 1999.

[5] International SEMATECH, ITRS2001.



