11. 778N —A T 7V —a»

11—-1 R=a—7

BAEEATH O 300mm Vx— "BATIE, ®iEaxX e E£EWICH SEZHIC, HIE LA TS
ARLR *%ﬁk%ﬁwqﬂf%%%é%f;F&A%ﬁzé%@f&)éo_@k%fﬁzﬁﬂ;ﬁ (2 L, R R
HEAE 30% D AN ZE + 4 LV o P CTRfE 7272012, AN O H LD O XA TE T
ZEMMIREEEND,

L—=T DIERI RS T2B U7 A B D72V i 3 pl & OB Z 13, HE AR 2 WAL L 100% I2BR D 72
EWHSEEE Vo= P AXDOKROE, ZLTEEEOLERE W OO Hi R IZE-> THE
B &, ®ETAL CIIHAL B Y VO A NI I 2072882 7l dk Ukt o . Sl OB %8 1%
HAL Y VOB E AT I IS S CE, 2O/ R, PEREERITERLCEXZOTHD,

Ll ZOHR LW S AR 72100, PEREEZDODRRELELELIN OO EL
LTI b7, UV 7T 74 CMOS ORT—Ur 7%, bV Ar bbby, Ho7 A1
VOB EHL, WETATIFEEEDOR IR, V= T AXBAT RO T AEEMEDOIK T, 22
A=l RA~DRTE AR EOMBEN R 2 TETN 5D,

INEDAEFEVATIZH G TH-D, B EHBE LYY~ EOaAMRTFEHR, KEEFEIZEDLETD
SEB ENOREREI OB TLVWE Y X AETIOVICHE S LTILHA MO KL, E R EOR K
BB E OBRP/ERINL TS,

ﬁﬁﬁfﬁ%@@#ﬁz:xb%*ﬁ@ﬁ — B EEYVOREaAMNIx G EEEEF D DD
BETHL, i, LHOaAMIFLIHE KL TETND, 80 FH1Ti1F 1000 TR 7 T
BZ, 99 EITITK 20 (ER/VICHI KL TS, e 2 BAL I R S 0ICL B S ND Y = — BN E DS
RNELTH, ROV — b2 E MR O KR W F TRV B E Yo Ea X 4 — EIZLT
Xl Pz KRB OB R, Vo= HERZRRERHoTH, LHITHEMEHE Y0 Ea X
RO FRE PR AR L TR £ 0 by, I ANE L, Bl b 25T axhE o
Ly y—IZb BT Mk ST nidznin,

SEH ERVRE OB — L0777y R O M E W B E H I ANOH] LD LR 5
BN B DOF LN DN TE, B O THITIVEA R ICAEFE ~MM o T ESRiTiEadbrun,
FREIC. BEFE O TIHITE RO AEFEICHR /DNDAL NI TLVRLI Ty 7L —RENR T s
Y,

EVRAZ—=A~OP AN DOIE K — AT S ERICLAE XA S O KL AME I~
B ERBEELZ T 0 — L2 DIZL TR TS, TAAA AR T 3o # i di 8 n
SN, ZOoH SO M ICH I LT HE Y RRAET ANE R IN TETND,

INLDOEERNS THRICH TARTF YL U IEL T HHES~D <% — Ak (complexity
management) . FL CHICEA LT AEROT CTO T 85 O {l (factory optimization) . JL A M/
YEBEME /A —F U 1 (extendibility, flexibility, scalability) @[ £ 25 EIF 55,
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INBORFHLTEREFL, ﬁ@&%@??@&ﬁﬁﬁﬁét AL, R T OB RE
MALFHENEE ® (thrust) I25 0oz, B E IS, Ti5GE M (factory operations) | tt"j:[%
(production equipment). <7~ (material handling) . L3 A7 A (factory systems). 77U
7 A (facilities) 235, T3 E M T, 8 # OFRE O -0 O B A TH B OF R ELTALE D
B~ — VA ME, L O AL /LR /A —F 8T 4D st &L T E DT T,
Figure36 (I, 2R OO H B OEIMEKRF XLV EDHBEZRL TS,

Figure 36 Schematic Showing the Factory Integration Thrusts and Difficult Challenges

Maintain/reduce cost per unit area
Achieve ramp time reduction
Accommodate different business models

Factory | Production Material Factory

Operations | Equipment Handling Systems Facilities

v

Complexity Management

A 4

| Factory Optimization

v

| Extendibility, Flexibility, Scalability

11—-1—1 ER¢Ro=TH U7 (Factory Focus Area)

ARKETIE, BE LS A ICHERNZ) —FLTEZinb, }t R a8 T LUz, Bk
(ZDOWTIEA i B /At it FE O XIS IO W TENENRE 21T~ 72,

F7-. Figure 37 &:ﬂ?ﬁ‘Jﬁ IV TSI 2 R EERHICE > TWDLA, AETIE, V==
L ~L DR A O RS I R o T,

]

B : 5

g g I Wefer | Chip I Product \ § \
” Z

mfg mfg mfg
« FEOL  Probe/Test  Packaging
*BECL  Backgrind o Test
« Singulation

44— This denotes the scope of 1999 Factory Integration Chapter
Figure 37 Factory Integration Scope

A HFEon—FR<y IOV, 7778 —A T 7 —2arORFSHEAITIE RIS T, Eitlc
HHIVN, RESINTZIE Y7 AOLDORHEHIZ. NE. BN T OB ENORW TEALDOTIERZ2WNLTH D,
TN —Ar T —vara—Rev i3, SR OEHN e — R~y 7Ty 7T —MNITETFONDETET
HD,
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11-2 KFxL oy

T7INIA T I =2 a BT RT LoV ELLTFO320OH 7T —IZEN L, 52D H i IH
BIZSEILE, ZhEDKF v oY ~DKE K 1T T 55 il o d W % 5 /IME 357230 0 2= 38 (K g 3
ROFEREL T AE X ICLTHMTE ANEE B> T,

BRSO R =V A — BHES~OYR—VACMNIRRL TS, 7oA Ml OEE
EINHLDOEBD~ =T AL N THD, TNHDEFZORBITZE I K LEEITA720., THOBEMES
ANDOR RV A MIEEME LN EESN I KL TETWD,

THEFEOKEL — LHoxEIT, BRESNZEIRO FCTEOLONIHEEFA L) —/E
CEAEEREETRICT AT BRICLD, TOBREITA B TR ESE VR AL T
Fo&RFICEEINS,

THOPMME Lok E, Ar =87 — — ZhbIEREAEEESLTHOREFMICEKL
TWo, THOIREMN (B x a7 7 /my 7 —=RIZEOM A /a2 T85) . THOPLAE (ZL~o
WHAM) . LHORTr =847 4 (FEESNTZAEER N DO ILIRME) 25 IS D RE72E T O
EACICH LT, LHEIEDLZERSHIETHIENEREN TN D,

Table 51.12Z2415 3 DOPLE AR T 25 H OB 2 A MU 7-FF MR MR G B L3R,
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TLH2etkor At (OFE) otkE
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42 C O MUY Y~ 0 HEHL

ITHEANL—=T Y DT R
T8, ®ad . 7 et 20SE BT R R

ETOLGICHBA TN 2 HIFEA OW#

RN B SR HI D 2% O BE M E & T2 X T Lo il )

BEMERI Ty TOHRKMCBOELEFEY =2—~ (NPW) &
D Hl ok

JRaR e L

A= UT 4

N

ez BE/MEEEEOCLE Y 2T o0 A

BT 0 A ROEMNEAC IS L DT A v

YL 22 ESH~DER
Tuav AR OMBHC R T D EEROILK

ZHAR O , — FIZE 282 8FA M
Vo= — ANBEDEAI E TN DB

PLAME, JERMEICH OO BITERE~DE 2T
DI RN /T R E AP0 S i RSN IOE £l )
HPE T A > @ W IR [ o f N IRAE

TABLE 51 FACTORY INTEGRATION DIFFICULT CHALLENGES
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B EI~D~<FR— A Mcomplexity management)

BHESIE, PG R OB ECM AL EESNDIERENZONEA N R TRE OS2 —7

T ADAVE R =T arDIENVIILTEEMESIZI EVXAR R FIERCBRAIE DS, 4D
WEPLDHE AL BATPRTORAE Y RRAET L, A | Z BN AT DL % 5 i
LR EEEZBEWR T ONMEBENNOLDGE LM S Thd,

%é@?ci\%’%ﬁn’?%%f?M?—@ﬁ‘m—mwt EVFRAEDOERRSLEYDRATT VOEA, B
By DA AR FER BRSO KREN LToid, WHERICIE, KVEMRTe R K
A T, 0207 A TR0 —, THRNTOT oA T ad Iy I ADM EERH5,
B 21X, IC ZFL R T 2D ER T o A TREIE 2012 F L TITITEHER S KRT2528006., 2
Ll BIicp TIN5,

BB ICBIAEMIITEHOL XA RHL, BEH SN T TAbITIxeEE, THEE, i,
KERBLREPHETHL, TNHOL NV OB HES R — DA M — TEX, JEH ICE R
N EREET D, EVIDIFZOEZEITHICo—h LR RE Toek #F Tt/ Za— i T %)
BEEBMDIDNLTHD,

R 8 AR T o I12X, BN 28 & TROBEMEIZDENICE A SIEDLZTENMLAE
LB,

INSDOERZHRIKER  EHL WD, Y BIR LTI TR~ R =V AR
TR TWD,

THOREIL

T A R AL T AT IR O B AR K IS B S AR U R
o LK I T AR

o L8 BT IR OV LM

o THOHF

ST, RO B R &R AR T S E R DS

il % 025 B FE I

A FEAAR

BE FE= AL

Zhizmz <
o TARESDRIG
o AL HE A~ D HEHL

o kLAY 2Rtk
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NERINTWD, LIZLIE. 2B ERIZMN — A7 O BZR L7225,

M2 DEBEN T, THOR@EALOES LD, Bl X, ThnB/y, Bdndn g, &, TH,
W, BB TIHRER, OV — AR REICEETLIERT, ME AT+ — v ZADOEE) & 47
XXDZEIFEERBRE LD, B BB AT =~ ARR RO THHETDHRDIE, 2O
RELTMBIOEB ORIV 2a— VO T OINERD, ZOXIT BHERIZOWTORF AL
i AL B DTCDICHE LR D,

o AL AME T AMDOIEKNEL UL, ZITHP NIV AT AR =AU, R T — 4~ F—
VAV ORMCFEIK EFE R OB E LK REAR~OBEMBA+ 70, BEEREREMOR L,
FTFRRPFIEDOR —HENDD,

o EVRAETINMIIEBWTIE, L~ =Y ¥ —IIb —FA 7R B RLEO TRESN =T — A
LR OF TR ELZLZTIEELRW, SR T EELORE RN ETHD, LHDL
HELUVVERIRZBETDICE DT, 00y —A + 07 ERREITLED R NINLTHD,

TH ok, LAY A7 —JEY 71 (EFS)

EVRABRBEPIKFICEALTDP T IT 4 E, TH VAT LAOHFMELERSE L0 EZ M
WO LY OPL M JLiEME . A7 —FE U TN E RIS TWD,

PEaEME — SRR ZRICEDI T H O FEMELER TOHILETRLTWD, 2T o
BIRRE Y RAETVOBMAFO LIHITE A2, RKEERWE/ L FELZOM O L5 oRLZM
A /ANROFHBRAERE LEEF /NI LVEHR T8 THD,

WM — WHAMEIZ LG OEICE IS 58 ) Tho, IWHMEIZZ HiEEEEESD2 oD E RN
%, ZHEBFLGOEISHEZENIOWTHIZTZENTESLD, Hlx X, 2 AN R HPH N T
DRAM(dynamic random access memory)® L35 % logic ® LG ~EHEHLULF DO W S r] gED, &
WOZETHY STV RS —DDEHET ADBMOET LV~OE B Hl 21X, £ &/IK
RIRAEFENDS &/ FIRIAEE~DEBNTEDLD, Lol ThD,

Rl —F8V T4 — AT —FEUT LIV AT AEH O S) THY, AR AT LADJEBONRENIBN
FCHIRENEEIZ LA BEHRLTWA, il 21T, 5000 M OUBEE /1 CTHH T Y T NI TV AT L%
7000 £721% 8000 DHE NICHLIR TAHZLENTE DM, THD,

CNHDRESITMAL b D TERLS ZDER LV AVTHEE o B B TFEOLEAL, URXT DX}
T O E M REDE T AARTANIUEF LR ES LTV D,

INHDORENFILTIEOREANHEBOMHELEZ B R LGLRTDAIREMELZFE LHDETND,

11—3 TR R (technology requirements)

I E R AR F TAHZLIIRI R LR F YL o POERICKLETHDH, TOFRE R LT, T.HE%
HWICBEHELEOEENSLL TO 5 SOHINEBIZOEL, KF¥L oV ~OfRKEBRIT LI,
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o LHEM : THWNOAEEZHB4LEN G EEFIEOMAE DY
o MUEIHE A/ T n v ALELTHICBI MO ERLEED A F—T=—R
o MEBHEEI AT L LHWNICBITOM B OB %, RE Bk, FIyF 7 R OEER,
o [A] 52/ 724 B o0 il 1

o YL ATL:aLa—FDONN—FRyx7 VY7 72T kO, EHEDO XTI ATL ATV
—Z HEE/MEE R, BT e A # el

o VT4 BEDALTIANT I F v ) BE=FV T VAT L

fEl 2 DEAMAE R~ DRKFrL oy, ZL T OB E T8 TH B OFE B B4R IZ VT
EARZEDOMEE R OFIZTENTWD,
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11—-3—1 TEEH

(4]

EREW G O L THREITROONDHE K

W TBT ARy b T ET
D 391

<18 » A

<16 » A

AR =X BI O E O

N

0.9xN

ST =t ST E - d =]

12 &

10 &

Ia—varfy ]

0.8xN
8 B

IVa—arplgdh ]

<12 » A

0.7xN
6 &

<11 » A

0.6xN
5 &

A 1999 2002 2005 2008 2011 2014
o — P 180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
N[5 200 mm 300 mm 300 mm 300 mm 300 mm 450 mm
KA/ D LI TRODLNDE
1~V AT BTV A7 VEALLGET | 1.75 B 1.5 H 1.4 H 1.3 H 1.2 H 1.1 H
2y k) [1]
1A BTV AINVEALFEZR]| 1.2 B 1.0 H 1.0 H 1.0 H 1.0 H 1.0 H
2vh)
1XYVT7HY DOy ML layhk layhk layhk layhk layhk layhk
KB T HICBOTRDODLNDE K
1A BTV A7 VEALL (@ 1.8 H 1.6 H
W oan ) [2,3]
1A BTV AINVEALFEZ]| 0.9 B 0.85 H
a2y [2,3]
1% Y U7 Bl Dry Mg H—oyh EE-e=DANE: T S=D2 L =S4 £ 4=D% M §- =54

<10 #H

0.5xN
4 1A

IVa—vary A

Table 52 T35 E HIZRDOLNDHE R

Table52 T 35iE H &R D

(1] LTHORFEay ORIy b 36T ERE,

[2] HF2uybblEVOEE T 2— L 5~10 K &7 5,

(3] THoREuyhOH TRy 1090 F LE,

(4] mybrHTEVOTz—EIIAIE LT 5,

Tableb2 Mt B

e Factory cycle time per mask layer: ¥~ A7 4 720D A I V2 AL — R ETARDF— AR T A,
B ZIX, HDHTaEAR 20~ AT ELTAIH DD A7 VEAL LN 1.5 B ET IR, h—& /L4
AINZEAL (NI #32%) 1% 20X 1.5=30 H,

e Number of lots per carrier: 7By ¥ U7 N O ML fEL — K EEE T BN, T=%—, 71
TRATHEXY VT HIZVDOuv OB, SV HEFE Ly R Oy O ClE U R & & T
A E—R (AR 7)) T L AIRBICT 0L S EOREB ThH D,

e Groundbreaking to first full loop wafer out: 3. 6 L3Vl — #Hr LG H EIFOF—ARN Y

Z, B LAPSHOT7 N T2y bR LETOH B TERDT,
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e Total number of operators and technicians in the factory: 4 XL —% F7=v % N8B — L
5 DA R — 2 — BT AT kR — AT 2 R,

e Process/product changeover time: 7 2¥®X/ il ZHE T OMERE — FHLHL, et
ANEBFICRIE L E D RA ST H oy b HL2ETORHZE TERDOJ, £ 80%D 3 & 23
TR 20%DEEE NS AT 2 P e R E AR R EL,

THOEMGFHIZ, EEEXETOAARBRICADLDE TREIND, ZUOEFITIX, ZO&FD

FEWM, THOMRMB HREOK IR EEOES O, HIFORARE, 8T R E A~
DOHEMEDIAT NEHRVATLOL XNV RERDD, ZNHIZHES T, FEFEITIG UL T OE A
HEBHmEFINTWDEN, —HF T, —KWRLHEOEN F#HEZERICHRFT 7200 E LR
2, ZNOOEM LB THET AT EME N, ARk, TekxT7e— FE A
PEHI 728 DFE « DA HEZEZDENLETHD,

INHDET VT, FEELTO LB AT = ADRIEBLON TFv—F 7 DY — LD,
FThbb, LD i) KRB ML R ATIR OI=7 77 7 L5 LA E DOIE M B i 2>, 72
EDFHTIE S,

T H N B RIA B (21X, Tableb2 IZRENDINNT, YATINVEZALDIKE ., 1 F¥YIT ~DHE
FrovMEE ., oo BB B EOENM, T LHE K OT oA 8GR ZOBRY S EiIFeA
B OB NEVIAEN TV,
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11-3—2 RERE

* 1999 2002
o= N 180 nm 130 nm
N [T 200 mm 300 mm
3B AR [1] <1.3%x200 [SSEEIREN:
mm [2]
R RO E M RE, HER . BEFEW . <1.0%200
A 7% R
Ry 73 o OEE [3] 75%
(SEMI E79)
BT E W72 E O OEE 55%
[3] (SEMI E79)
FH 56 B 2 8 7 o 7Y b <1.0x200 |[BSEIRE¥:a
mm < 98%
A xh B R ST AR A B G SL = AR <1.0x200 [SSEEIREN=
) mm < 98%
AEFET o E HEED D)
< 16% < 12%
WA E R S5 = B E > 70% > 0% > 80%
D H R (%) [LSC1]
B N SR SN WA ALy A =P o 3 mm 2 mm 1 mm
v UlE [4]
LB NN BN P ONC /N SV AN RGBT Ll < 8 months | < 7 months
B8 £7T) [5]
BYEEENS D L, AR < 6% XA E e SRR
A < 0.95 < 0.95
TR E OBM E [6] (SEMI| > 85% > 90% > 93%
E10)
AL 2 E OB # % [6] (SEMI > 90% >95%
E10)
FrUTHNOTBER LUK Hi— B R

ONIREY
<98%

% Fif T8
10%H1 I8

91%

ONIREN
< 98%

ONIREN
< 98%

EEED
< 11%
> 80%

1 mm

< 6 months

ONIREN
<0.95

> 95%

>98%

T il T b
<98%

% Fif T8
10%H1 I8

92%

ONIREN
< 98%

ONIREN
< 98%

EEED
< 10%

> 80%

1 mm

< 5 months

ONIREN
<0.95

> 95%

>98%

<1.3x300

mm

% Fif I8
10%H1 I8

<1.0x300

mm

ONIREN
< 120%

EEED
< 9%

> 20%

1 mm

<5 months

ONIREN
<0.95

> 95%

>98%

IWa—varfy 1]

IVa—arplgdh ]

IVa—vary A

Table 53 HiEHEEICRDOOLNDHIEE

Table53 B 3& % & FR D7

[1]

LA—TDERHTIIHEMEL-VOa AN 29% K TAZERMLELENTWS, UV T TFT (—

D EFEIZIVFE 15~20% T AMEJL B AT HEE /2D, FRVITA XL —a O I AMEHE, 1
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7/1/5’/(A1EWBZ&EO>I%®$F%E&%‘:Ki@i%ﬁibﬁﬁhé:ftﬁ%tﬁb\o T axbo R &5
oA REEE LTI EERMETH D,

[2] 13001 LGHARTALZM:1.3 D RIT V4.0 2 Daniel Seligson D “300mm 7'

TADR T F,

[3] 1998 m—K~vy 7L HF H

(4] HEEOEABVEREICEE TS

(5] ZOTANEY T IAF 2=~ VAV MDDV R W RA25E52L2 B W45,

(6] HEOW@RIITRXRTCOELZZE L, BIZIE, 7R EXATF ¥y N — B—REF—h T=—

BEYAT L, AR =T =T U ALRAVNRETh S,

Table 53 D

Relative capital cost:fH XY E a2 A~ — 130nm /—RIZX LT, (300mm EEOREIAL
/300mm U= — DAL —7" v DOfE) & (200mm 2 E O EIAL/200mm T z— DAL —T vh
DIE) DR THD, 100nm /—REZNLAFIZK LT, FEIAMNIAL—T v &R U EL THI
D) —KD 9I8YThH 5,

Relative consumables, exhaust, emissions, and utilities: FE X PO WS B A BF, PER . BE3E . =
—T7 474 M — 130nm /—RIZXFLC, (300mm %% & DOVE & A 2 /300mm 7= —/"DA/L—
FyhOfE) L (200mm #EEOWHEME/200mm Tz — DAL —ThDE) DETHD, HE
Ko BEHEY, =T 4T —ERITHG L TOR T EZE AL TS, 100nm /—REZ LIRS
ML TT HBEMBEIZALV—T YR LELTHIO, —FD 90%ThH D, HERH 2% & L ESH O X
BAZKOM A I L2 H B H THEAD,

Bottleneck production equipment OEE: R L X 73 @E D OEE — BENMICAR ML v 7705
HEEOREWREE RO, )X, AL Ry 7 E I TSN TR &M RHEE TH
%, [OEE ®EFIZOWTIL SEMI E79 & ]

Average production equipment OEE:GE I BJIZ ¥ B 73 @& @O OBE — #E /I B Ry 7p it
EOWANREBREZSROZE, WA IZIT, ARy BT TSN TRbEMREE THD,
[OEE ®EFIZDOWTIX SEMI E79 & /E ]

Relative equipment footprint: fH X FIEE D7 b7V b — 130nm /—RNIZx LT, (300mm %
EO7 Y 7Y R/300mm Ve — DAL —TF v hOfE) E( 200mm 2EE O 7RV R/200mm v
T—NDAL—T Y D) DL THDH, 100nm /—REZNLIEEIZR L TiE, 7y b7V MRV
— 7y hERICLELTRID /—RD 98% Tdhb, [SEMIET2 B ZZTHWAZ Y7 U hME SEMI
AZHE =R TOAANT TV b %R T 5, ]

Relative maintenance and spares cost: fAXI I AL T F A AT DA — 130nm /—RNIZx)
LT, (300mm & DA T F A ANT AN 300mm 7z —/NDA/L—T v hOfE) & ( 200mm %
BEDATF A AT AARN/200mm U — DAL —TF v OE) D HETHDH, 100nm /—RE
ZHUBEICH L TR, AT F R ART AAMNIANV =T bR CELTRIO/ =R D 98%Th
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e Overall factory non—product wafer usage (per wafer start): 9 X COIELEY =— fif F & (¥
AN EoT-0) — FAEAETV=z2—OEHERIUCBBEOR AN ET 22— TEIS72HD,
WM RIEEE T2 —NFET AN 2= F=F—Tz— " REHVz— XI—Tx—/T
H5,

e % Capital equipment reused from one process node to next: &2/ —RMHIR D/ —RK~FHF| &
NHEBELBEOK &L (%) — /—FN®L/—F N+1 ~fFRlHInsFEELEE O E I (%),
Bl: /=R NOXBER/—FN+1 THFAHENDETD, /—F N+1 OFF BB Y LT85
FRT XY L EZESND,

e Wafer edge exclusion: 7= —/"Ty VDR ER — TENHIT VT EEHK TEXRNT— TN
D FE 5 (mm)

e Production equipment lead time (months from order to full throughput in factory): fli& ¥ &
DIV —REAL (FEXPLIABEBECOHHR) — HLEBEBIZH LT AOEINH T, L
GNICA AN = VSN RSB I T2 — P CELI) S B HEFE CELETOHIM

e Production equipment installation, hookup and qualification cost as a % of capital cost: & &
EEDOALAZ Ty I T o7 WEHERBRDOIAN — (A AXIARN+T I T v 7 aX b+ 0 E i
BaRN) #HEEaANTHI 572, $TRR

e Process equipment availability: 7’ m 23E@E O R[HR — A[#R 1L 100%05 (A7 =—LF
DALY+ ATV 2=V T TIRNE T EALY) Z5 W, 26D X 7% A4 LE SEMI E10
TEHRINTND,

e Metrology equipment availability: | EZEE O [ E R — R EEE O A E R |L SEMIELI0 TE
EINTWD, ZHUT100%00 (AT a—NH T BA L%+ AT 2= 7 TIRNZ T HALY%)
Zal Wi E,

e Number of process recipes per carrier: 1 ¥ U7 N DO 7oA B

il CoEEE L IEHE =y, EEaV BTN VT AEA LT R #7284 _T
OEY), T DAL —Tx— 2% %R ELTWAS, BIEEBLL I BB L E (T
AU T TITA M T ) M s a G ATV D,

S OB ECHIA L, AT R S O e A XN OHE R LI O E BB E Th D, NN
ZC, TaAbo EFITfkE L TR S22 ERSRW, 2 TRITFAIE, ERIH N2 &=
A AN 5, ERIFFICA ETORBRE R REMEF TEa<Rs, WG E TR MM
BELAR BB LDt A RE 20 & L, B IZ AL —7 v ~throughput: EA7 AL BRBE S oo m %
B &0 E 72 by, BRI ERIE B 2Ll T ISR,

o MAXIMHLITIESbSNZEE AN ORI (e AR I3 T2 E I AME O )
o MEBEOEHEM M L, W@ R R, EE SRR H B E
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EEBIESSXOEE ., Fro N~y TF T OER

F =B A —T 2 — ADEYEA | Z L DA E ] TO A Dk #E

LR EYR - T HEEHFEMOER

BE~ODEEBLEHB LN OD2—T )T o EMEME GEAE Tz — 25 T) OF T H O
E %

772 100~1000(ISO ¥k TII7/ T2 3-5) D LPBREICB W CIE A8 CHEcxr il L&
DI=x o NAuAME (77 VT4 H AT E R Table 56 #Z2 D L)
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11—3—3 MEHERT A

* 1999 2002 2005 2008 2011 2014
o —PME 180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
N [T 200 mm 300 mm 300 mm 300 mm 300 mm 450 mm
MBEEBHEICBI M EEE ~DR < 5% < 3% [1] PRV < 2%
B RE L 2R (%)

TRHNOWEEATLIEZLT TEA/ | TEA ./ R VAN 0274 B 07248

TEE | TEE EEER = o 2%
ZALIH
xR E
S 4 4E BEEE B [MTTR] (%) (SEMI 30 20 15
E10)
24 B H7-0 D AT 14 R il [ 1] <1 <1 0.5

¥ (SEMI E10)
VAT A AL —TF vk

THM#ME (Bl/hr)| 1000 1200 1500 2000 2200

TRA#E (E/hr)| 150 170 2000 n/a  n/a

Ak 71 ([E/hr) 200 240 300 360 360

Aby A DF A7 VR (sec) 18 15 12 10 10
THMBBEOX )75 EHELEH | FE=10 | FH=10 EEZE RS ELRNN o)

(min) oI SE M 5 K=15 & K=15 | & K=15
Ia—varfgy ] Ia—arysdh ] Va—var R

Table 54 H @k AT AR DOLNDLIEE
Table 54 ~7 NV EROE
[1] PEJE 2002 4F — @ A/ — 7w Ml %
[2] VHJE 2005 4F — & AL 7 M5 e VA Ry B O I

Table 54 ™3 BA

e Material handling total capital cost as a % of total capital cost: ¥ ¥ & 4812 1T 5k =1 25
DB R (%) — WEEESLCEROBRKEH T OMWE (V=" "L F 7L NARSIE)
—RU =T ORBEEDEFETYTE T, FlAIT, MEHBOKREIANNI0OM$ T, L GEE
H R AR BE D 1000M $ ThdliE, 2O I 30/1000 T 3%EL/22,

e Transport system types within a factory: LN OB EI AT LIIAT — Txo— T UTHE
DD LN THERASNOB IR AT LZAT, BB IZIZZN6IEE4S B OXAHN K A4t
BEIAT L ThHD, ok, AN OB EWEN T 2R — DOV AT ARG EELRD, {1
L. ZHE— DDV AT L —DDF T IAL Y=o LE®K TIERV, 2OV AT KIEE O
TIAY — (W ICIDRARRE D) DD B Al B2 Y T L AT b S Db DL D
ThH9,

o MTTR:EBEREFR — TNVICA LTI L =NV AT ATk 954y AL TO B & BB

EIB GBI e —R <> 7 1999 4R



M THd, ZHITMOENDY AT LAV R =R MPNMEREZZ T TS OIEFHEE 7 2L (SE
MI E10 ICCEF) TH D,

e Failures per 24 hour day (over total system):24 K] 4 720D (£ AT AIIXL) — 24
RN TV AT LAZHBL T AT AT R =R b FLOA B RE S, [HIZFEM i FIZE 75 7E
FIISEMI E10 22 Bz L]

e System throughput: ¥ A7 LAV —T vk — T URATAZEIDREM Y VO EBEBEK THD,
—EOBENE—D2DOFFYIT O — DDA ANLREEE O —R R —FLLE—2DFxIUT
D—DDEEEBENLD— DDA I ~OBENEIIL, —2DDF XV T D X Ay InGY ARy
~OBELLUL— 2DF YT OE —Ahy I O —D>OFERE L AT D O O F G 5 Bt ~ 0% 8
LEFEIND,

e Stocker cycle time: ARy HH AT NEZAL — AR HNOOR Y FN LT EITIR—FDO X+
UT7NEETCBEL, F¥ VT2 77y 7 LT W =AMy TNDOH)— DD FH %y AT L7213 —
ICBXETETCOR M OERSNHER THD,

e Factory—wide carrier delivery time: LB OTYYTHIELKER — LN T—o0FyY

TR —DDIE L E Ot O BLE S E T RIS ND 5 AL O], v TR B 0 ZE K BA 45 7

OZTMOMDEE O —RFR—MIFYUTRBE LT T TLETORMZRT, kKOG EL
R IT S +2 B R AZ L L CTERINDIE —IR N T B EIND,

B CHGE R B A~ OB R B DINTZAB L EEZ2DLOEIE, 300mm B
b DY = — BRI DM Bl B AT 22T 272D EHERIRE) ) L7ed, 25 DT =—
EELXYITOERBEEND, MBS AT LI 2SN ENEREIND, LA
MH, BV AT AI 2 TOREEREIC L CTEENRA =T 2 — A FLRNL, + o7
BN FRAE LT R TEes2n, AN —HOR B ONTE XLE MR E AT AICx T2
FR—=F A H =T = — I E ICHERBR I HEE TH D,

Table 54 1%, M EHIE T AT ATk T 27 BRI T 5I12240, A &AW T ik 1=
VAT LN, ENORHEESINTZLD (EEMOT AL IMEET AT L) ICEEDLINL TV L ERDH
HEVIORTIRICN. > TELINL TS, ZORDPRTIOICHEL -5 12 oL, O E I 3 51&
HER S RIS O SR T ER D0, 2 —7 v O kb il 26 B I O B E & &S+ 0 1T R
SNRTIERSR, —F M BHBE %S AT AT, THRICBITAILEESLTL R TICx 5
BERICEZAODNDIDICHFH SNDODMLBENHY, ~ =2 T W ED NNy 77y 7 (Fl 21X PGV) 0l #
T — IR E ORI 2 2T L IER B0,
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11-3—4 THI AT A

E 1999 2002
o= M 180 nm 130 nm
N[5 200 mm | 300 mm
AT T —varkg bl LGy AT < 3% < 3% < 2%
UN= 9N
GBI T 5%)
VI T T Y — a2 @ MTBF(] ) > 6 > 6 > 12
MR T 7V —ar 0 3 EFB () 90 45 5 0
THFAYAT L0 % > 80% | BT BL | b B E b | A B %fﬁﬁlﬁtt
> 80% > 80% > 80% > 80% > 80%
HEEETIG VAT AR AV AT o A 75% 100% 100% 100% 80% 100%
HEEFE [2] 300 mm | 300 mm | 300 mm | 300 mm 450 mm
HEEETIG VAT AR AV AT 2 A 100% 100% 100% 100% 100%
HEEYL R [2] 200 mm | 300 mm | 300 mm | 300 mm 450 mm
THEBTOVATLDEEA L HT A 15% 100% 100% 100% 100%
AFEHEDE TR [2] 300 mm | 300 mm | 300 mm | 300 mm 450 mm
THEBTOVATLDEEA AT A 0% 75% 100% 100% 100%
AFEHEDHEYL R [2] 300 mm | 300 mm | 300 mm 450 mm
VAET TV r—varzB@hoT 8
TAVARN—=N /T T TV —RKT 5K < 60 < 30
ffl (97)
EFEROTYE T MLEHT —FX—R%
AVAN—=N ST T T —RTHL&D | 6-24 6-24
Kty A L(HR)
FPVTHOT R LI EHK BH— B B

VVa—varFAh ]

IVa—arfEdh ]

Va—aryRH

Table 55 T AT LI T 52K ([1]

Table 55 L AT LB R DT

(1] $7F4F = o v XA PO ELL ST, R RSN LB LRSS,
(2]  450mm (Zxf T DA #EAL I, EEDIBELSFERTICH B IR T NIERLRN (T r— vy

AURTAL A (GIG) \Z— 4 AR HE D BRI JE I 4| B I8 LIRFEIC —4F)

Table 55 ® i B

e Factory systems cost including integration: A7 27 L —var g iz LGV AT AaAs — L
GraZh &2 R OF TLE AT AMIEDNIE G, I EEICRE, Y7 by =7 O 5T L4 B O
BRI AMNIE FR2V, AV Ea—IN—F U7 TIVr—ar Y7 MNERE V7 =T T4k
VAR XY NT— I R OA T —var g EE T,

e MTBF for mission critical applications: /N A R7R7T 7V — a0 MTBE — KA K727 7Y
r—ar OEHEANE T A DNt -1l R R B R R (MTBE), L33 A7 AN O A A R
BT TV —=rar i Ve "L EREBRB SERTODICHLERT TV r—arzn) (8

A E R A T — R <7 1999 £ERi



I TG EH ) MTBF X, H AL CHEET TV r—rarmIiclil e snd,

Mean time to recover for mission critical applications: &R °] R 7T 7V —3 a2 O B 15 IF R

Ml — RNAIRBT IV —ar Ot BT T 2 AL Efe <EXE R R [ EFL o MTBE T

O ER], LH AT LANO R RgT 7V r—varbld vo— L2 REBEB S EHiT5
DIZ BT TV —arzd, PRIk HIX, o0 BAL TR A & ICRESND,

Factory system reuse: LIFTATLOHFFNH — TH AT A (@B a—FNN—Ry=2TE/ 7k
VT O] ) N T AR NLIR O T e AW ICELEXICHEF HINDEE T, aANTHI
EIND,

% OF EQUIPMENT TO FACTORY SYSTEMS INTERFACE STANDARDS: +h EEI%“/X?AW/(‘/
H—T—ABMDEFRFE — i/ —FEllo—F~vy 7 CHERINIEEa P —FL T
VAT AL DA =T 2 — AT, ERFEENEREINTZLOD T E

% conformance: equipment to factory systems interface standards:# @& & LG AT A A%
— 7z —AEEOHEPLFE — I/ —FHIIre— R~y 7 TERINDI LH AT LEDA 5 —
To—ADFEREARE L, R TWDEE O R

% of factory systems to factory systems interface standards defined: LIF AT LE T AT
AR DOALZ =T 2 —AEHDFERRHE — I/ —FEIZe—Rvy 7 TERIND LH VAT A
LTV AT LD DA —7 2= AT, EFUBENERSNIZLOD L F

% conformance: factory systems to factory systems interface standards: LI AT AE T
AT LH DA H =T 2= AFEOMEPL R — F i/ —F Il —F~y 7 TERINLILH TR
TAMAL A =T 2 —ADEREHE TR L, L TWD T AT AD

Time to install/upgrade a mission critical application in a working factory (minutes):/~ A] /K
BT IV —arZB BT O T A A= /Ty 77V — N3 DR (G AL — EpEF O
T T RAIRBRT TV —vark A A=V HNIT v 7 T —RTHLED BN OX T H
ALy NN—RxT VI =T T T IV —ar 2RO F —E_X—A Sy DOT T 7L —RD
KHEz&E T, 7—4XN—ADT 77 —=FTiE, 7 —F_X—2ALGNOEHE K T —F =D
HEHEKROT T T —IREN2 NI EERIIEEL TS, ZNHIZx 56 FUA X, IROFEE R
A RIpT —HX—=2E B O T AL AN—V/T 7 7L — R 32K (K ] AL T8 —
o,

MELEINDT 77U —ROEE L, —FIZ R T THHRETHD, TN EOBHETO
TS —Rida—HFERICLD

Time to install/upgrade a mission critical database in a working factory (hours): /N A] K725
— AN =2EBE O T CAVAN—V/T 77 —R 350 (KAL) — AEFRO T
T ARAIRRT =B R—=Re A A= VB MNET v 7 7L —R$ 2L EORE ] (Hour) AL D&
AL THTTVr—2ar BIROT =2 X=2E 5 O7 v 77V —REFH RO R 25 T,

VBELEINDT T 7LV —FOBE X, —FIZ—FILU T THLRETHD, LU LOBEE TD
Ty T —REa—VFERIZLD

Number of process recipes per carrier: ¥ ¥U7HN O 7 atvAL v EH — EEBEBICHWVT, F

BRI REN T— R~y 7" 1999 4ER



YUTHNOED DT — I THLHEICL LT ARTGRA—2 20 2 HHEGEA E B
L. FFna P v ~=a 7 VI E R UICEFG AT E VW) TGV AT A~DHEREZ R L
TW5, T, Y UTHNOEE ey DN TvF o7 Earia— Ly & A TS,

LI AT LORFEIL. F—LRDEONDETHXARTA/N—=LIFEL TS, 300mm 7 =— 5
EOR| I, TH VAT AT THAEMEN B 5 ETIVIEANICEZ &80T —X% H B IL
LA LT NI ROR<RD0, ZOIHRBE T OR#Ic kY  EEHEH BB AV 2—Y
T TAARNRYFZLTHIANACRI TV AT LED & E i A 73§JZ~E&?£OT<E>O L8 AT A
F—HINEZIT WV, e T e A ﬁl]‘/XT.A (advanced process control system) & +A2L T,
TR O HAELE, CVELIZEDS TH O, & E O ERAT U ADH| %
FERILULERDD, LI, L fld B PED T Y T, m*ﬁF’VU7W’C°O)?/E§5I%Eﬁ':°H“/I\@?E
WNERII, ZOV R —bDTDIZT == L)L DM E N Ty 7 Ll N B L7 D,

Table 55 [Z/R T I, LHHIH AT LA~DIKGFRE EHZET, VAT LOEFEMENIEF ICHE
FE 7o CWD, LT A R7pHE BB 1% -5 - 4 5 B 5 B B ) (MTBF) 1. 6 #» H 25 2 4R (C
IEEN TS, SENEAELZEEDE M2l 572010, A I T T VAT LA MFE LS
nb,

LT TTREARH NN Ty 7L —RENTEX2, ZNHDV AT ANIEF 2@ WEIE CHAIH
TEXAHINC, VAT LD FHMENEREIND, B2, THICR AT KRRV AT LR T —H_XR—=ADA
A= N7 7 7L —ROFFM T, LHEH ~OFEE2R/NRBICHIZHL )L TRITNIERG2
Y,

:h%@:ﬁwlx%%fﬁﬁ“ét WX, ERDAF—T 2 — AEHE DR 72 P DN E R SN D,
FrEDEE D BHTDIOBREEEL NFIA =D PNM A ICER LT EEZZ T ANDZ ST K
AR

11-3—-5 77 V7«

Ty VT4 (B I8 R RS E R ISR BN A 77T RTRE END, ZThboD Ty

UT 4O FIE FEE O/ —NICEBEV 73250 TlE2nas, EE e, ®i& 52, ESH
BlEPODELE BEa—F L TRBAIMEESEICL>TELASND, BESLEHNTOTL X
EVTARE LRI ERENICRELEETLIN, —F T EHaIANIZ—=T AT 4T X,
TINNIZE > TEET D,

Table 56 IZ R HNDEINT, 77V T41Tbo 7L R TS LR EZE S, B EHEMEZE O,
JORHICHET A ZD B aANI REEODLIENLE LR S TS, I A IO 20H
TR R f“f%®4/7\b~W%’Taﬁzf7@jJ%é’a ATV, LY@ 2 ) T enroizlizcng
W= —REEBH L TWS, EBOI=Z o AN AN ISIE T 7 VT 4 ~D 7Y — o JE 3R % 4
B TELH2A59, L, ESH %Eﬁ%u WA ITE LS AW 3 e B > A i 72 J& T (point—
of~use)fif P K LY 2RV~ L DR EHLM /AL VA7V IR L ELINDTEA,
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[1]

[2]

Table 56 Facilities Technology Requirements

YEar 1999 2002 2008 2008 2001 2004
TECHNOLOGY NoDgE 180 nm 130 nm 100 nm 70 nm S0 nm 35 nm
WAFER INAMETER 200 mm 300 i 300 300 mm 300 rim 450 mim

Factory construction cost

i - 1999 LEERE TR TEY (AT TGN 95% of previous 95% of previous 95% of previous
p(‘.l cleamonm Aarea
2 factory costs node node
($/m’) [1]
F_ar.rmj; construction 12 "
time (months)
Facilities services 99 % 99.5% 99,.9% 99.9% 99.9% 99.9%

reliability (%)

Cleanroom cleanliness

class [2] IS0 Class 3-5 IS0 Class 3-5 ISO Class 5-6 ISO Class 5-6 ISO Class 5-6 IS0 Class 5-6

(Class 1-100) (Class 1-100) (Class 100 (Class 100- (Class 100- (Class 100
1000) 1000) 1000) 1000)
Solutions Fxist [ ] Solutions Being Pursued [ No Known Solutions N

Table 56 772 UT 4R D

AR FTIE, 1999 O AR DUV TIE, 1999 4 180nm £ ifF / —RICE R I DB L ~ L H3
HIhTna

— AT IZ ISO Class 6(ZF A 1000 L~/ &Z MG T HZLIZE-T, 77y UT4R@ER VAT A
IZBNW T RO I AN RS KD EMEE SN TVD, LK, ERELTUIZORE T TR
B CEOREREER N2+ RICHIETLIERNLETHD,

TV TANKMERE . 7 et A OB\ BRSO B ORI E B R EZALT LIS DM
RE B SR IZ DU TR Bg Bl 8 (defect reduction) D ICEL IR L TV 5,

Ty VT ANBA R —AOREICEH Do TAHL e RE 2R I%, ESH EIZFi#i s THv,
HA IV BER L, B, 22— T 4V T I T 2ERIT, A RO oA EEIEH B IC
W’ ARHEITND,

Ty TN IEEE ORI T AMRBERICOVWTUI, AEDO T r R EIH H 2
Rl STV D,

Table 56 @i

e Factory construction cost per cleanroom area (§/m2): 27V /L —AE T T35 EFR 2 ARN$/m2)
— LHERAAMIYER LG ERICEDLL T XTOBY Toft 3, &ReF, &k, & a
BrE, ZOaANITIHELFM, A T4 ARN—2 TH 7V b —h PR—bx) 7 HEKk
I AT I INIVI TR TINNVY AT D Ny Z BV AT A il 2T L BR VAT L&
te, BENALRVEOIT, LM, G E | BOE R E IRV FICE ENDT R TIVNVTAARNE
2= VAl VAT LR E BB D,

e Factory construction time(months): TR M (H) — LiGERWE X, Kgoar vy
— I3 EN T2 H (first concrete pour) | Oig #] DRIEEE NBE) L5 H EFTEER T D,

ROz 7)—R RN ENNTH | &1E, Table 52 O T8 EFAEfcBITAE R ICHA, % T,

(groundbreaking)|ZfH 24 45

A E R A T — R <7 1999 £ERi



e Facilities services reliability(%): 7 7> VT4 — A58 — 77 U7 — 2 E @M L1,
{(BFIEH/BEE) — (BFHRFH/ 2 =T 47T W) x (4G5 1L 72132y 2137 0) |
—{(AFHRH/BEINE) ) TERIND, 77V U T4 —ERITIE, B, KBREH, TR, HEAKE
TRTO2=TAVT 4N EEND, PWNIZIT, 2—=T 4V T4 ORI 1L Ay 71T IR
NEFEND, 2—TAVTAMERAN 71T, WESNDIT ANARYAXH DOFERAZ 2 —REF| H
L7 ateRAz =TV 72 koTHlES D,

e Cleanroom class:ZU /L —ALITFA — Jx—RIEIV L —2 D7) — 1L SO 14644-1
(Feb Std 209E) Ic k> TE#EEINS,
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11—4 fREFEBER (Potential Solution)

TrIMNIAT TV —vary OIEART B ERBEIX B RS 7200 —EaXNOMR . 7077y
TRER OB, FHE Y RRAET A~ORAEDOILRK THDH, Z ORI E - EHHESI~D~=x
—V AN, Ll ZU TR/ JERME/ A7 =807 13200 HAEIZEZZER T 5729
2D, MRRRIT L EE  BIEEE R AT A LHVAT A KO T7 7T TR EIND
(Figure38-42) , Vx— "AOREZEZ L7 77 DML FFEDT 2 — N AXNRRR K TCHLZ L%
BEINZD,
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11—4—1 THREH

First Year of IC Production 1999 2002 2005 2008 2011 2014

DECISION SUPPORT TOOLS FOR
CYCLE TIME REDUCTION AND
ASSET UTILIZATION
IMPROVEMENT

Tools for understanding trade-off between

cycle time and equipment utilization and
hotlots

300 mm I 450 mm

Tools/al%orithms for wafer release (start)

policies based on bottleneck monitoring 300 mm I 450 mm

Tools/algorithms for forecasting demand

Tools to accurately predict individual lot
cycle times to ensure On-Time-Delivery

Tools/models for optimized operator and
technician staffing levels and developing 300 mm I 450 mm
optimal training/cross-training plans

Integrated optimization techniques for supply
chain management & control
(fab/sort/assy/test/distribution)

Tools for determining optimum quantities of
auxiliary resources. e.g., Reticle and Spares
quantities

Tools for determining optimal test wafer 300 mm I 450 mm
plans

300 mm I 450 mm

300 mm I 450 mm

300 mm I 450 mm

EXECUTION TOOLS FOR
OPERATIONAL COST
REDUCTION
Real-time scheduling and dispatching
algorithms integrated with MHS - must 300 mm | 450 mm
consider auxiliary resources, labor, and
status of factory

Real-time optimization of operator and 300 mm I 450 mm
technician activities

Non—gr(_)duct wafer tracking and control
capability

Spares usage optimization and tracking and
control capability

Real-time supply chain management & real-
time control capability

300 mm I 450 mm

I Rescarch Required /"1 Dpevelopment Underway [——1 Qualification/Pre-Production

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

FIGURE 38 FACTORY OPERATIONS POTENTIAL SOLUTIONS
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11—4—1 THREH

g

2002 2005 2008 200

g

HT A7) HE ! 4

HA DA A LEREOACEREE S UNETR

HEoDwk S EEORY ATOR L—FF 7124
Hof LS A LEEY —IL

L

2z DR L FRIZESHE Law S OEQE
=X e P ] - L P

L

FEFAT LIV L0 —Il

Foe Fo L TUANERIT SO - EOER
Tt 2 IR o LT —I

Feile—5 S RrEoRBERRCE L FE L—=
SHELZEETIL -V —I

HISATRUAVE - Fr—wELFILFO—
LD ADREG R CEE] TR 8- 808
bk

{HER LFs S, AATA—YE OEER
HE R — L

T AR 2z HER R E RS —

FAL—43AF EROBOY—I

TIRAOEGBHEL EEEREEEL EE8HL
TS A das Abriin ) lf o Fy 20y Foo
e T L

L

N

L

il —4 & BETEOU T LY 4 LBRE

FUIE 7z Ok T 0L RENEFE

AT —wERORERE, PS5, B2
e

TS A b #FF oA+ Fx—ie TRDATE
BEU, U TS A LSETFE

L [ e [ Imne=

FIGURE 38 FACTORY OPERATIONS POTENTIAL SOLUTIONS
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11-4—-2 HEEKE

First Year of IC Production

connections

ID standards (wafer, carrier)

Operator user interface standards

Host computer (CIM) interface standards

Ergonomic & human friendly equipment
maintenance standards

NON-PRODUCT WAFER
REDUCTION

Continued improvements and development
for in situ monitoring

Statistical analysis and feedback control
improvements

Filler (dummy) wafer reduction
Conditioning wafer reduction

Test wafer reduction

CHEMICALS, GASES, EXHAUST,
POWER AND HEAT LOAD
REDUCTION

Recycling systems

Reuse systems

Higher contribution of materials to processes
Alternative material

Heat load reduction

SPARES COST REDUCTION
Commonality - fewer unique spare parts

Modularization

PROCESSING CYCLE TIME
REDUCTION

Transition from batch process to single wafer
process

Integrated chamber modules (deposition
plus clean)

RAMP-UP CYCLE TIME
REDUCTION

Installation period reduction (quicker
assembly on-site)

Qualification period reduction (more pre-
qualification at supplier)

MULTIPLE GENERATION
UPGRADABILITY
High exchangeability of chamber modules
High exchangeability of chamber parts and
fittings
Modular equipment control system

Common equipment base/frame with
modules

1999 2002 2005 2008 2011 2014
INTEROPERABLE COMPONENTS
AND SIMPLIFICATION
Standard interf bet fer ti t
e = |
Standard interfaces between platform
(equipment base/frame) and chamber 300 mm B csoon
Standard utilities, drain and exhaust 300 mm |

|

450 mm

450 mm

300 mm I 450 mm _-
300 mm I 450 mm _-
300 mm I 450 mm

I Rescarch Required

[/ Development Underway

[——1 Qualification/Pre-Production

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

Figure 39 Production Equipment Potential Solutions

BRI REN T— R~y 7" 1999 4ER



First Year of IC Production 1999 2002 2005 2008 2011 2014

EQUIPMENT UPTIME ENABLERS

Wafer monitoring systems

Self diagnostic functions

Self tuning functions

In situ cleaning

MULTIPLE LOTS PER CARRIER
Recipe cascading supported by continuous | |
(non-stop) operation
Data collection and data reduction I I
Single wafer tracking and control I _:I:l

I Rescarch Required /"1 pevelopment Underway [ Qualification/Pre-Production

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

Figure 39 Production Equipment Potential Solutions (continued)
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11—4—2 HEEE

HIEFE 4R 1999 2002 2005 2008 2011 2014
R A—v oRERESLTLE !

DINERERS EEOMOA L8 T o AOERE I

FETS bR LEEA—AEI L—LTO
A Fronik DDA E T A ADERE

Ak, Ak, HESOEEMORRE

I DOz, Fr )7 OERE

F AL —5 WA Y8 —T = 4 AD\RE] SEM
EQT}

RAFILEA—2(CI M)} A48 =7 4 2O\
it

AT LR, TLT/E S AEEDERA A
T+ AFHROBRE

FEWRTT NEIE

A2 LFa ESSFHEOBRBS L UNEORE

S ARG LT, T —F S S HBONE

B 2 i i

Hz— Y nDElE

o AMERAYT AOHIE

E=4 - 2 nDEIE

T8 EMELT. T4 Ml

Em. AR HS. ®h, BEHEOEE

VAT DAT L

BRHMALAT L

FoeAICEEFEORO A

R

e )

AT = HEER

e —F AL 8 Ol

ELa—JlLik

F0&AMMOEH

2 F IR s HB LR~

FORAFrL A0 T —33 H(THRSE

Tigs BIFHMOERE

FEUS EIFEMOEGEGEY . 4 - ORI L

FEFFHL BHOERM] FE®A D Y4 TOSEH
HL HEE)

FHEHRET Y T —F

Friosi— TLa—LOELNERME
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EEa v O—SOSMES 2 —ILE
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Figure 39 Production Equipment Potential Solutions
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Figure 39 Production Equipment Potential Solutions (continued)
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11-4—3 TNV AT A

First Year of IC Production

1999 2002 2005 2008 2011 2014
EASE OF IMPLEMENTATION
Installation simplification
Simple system component modules,
optimized for easy move-in, setup, and I 200/mm I I

integration

MHS support structures independent of
cleanroom infrastructure

Automated or zero field hardware alignment

and positioning capability (teaching and
adjustment not required)

Easily extended transport system rail
Quick Ramp-up

Automated software configuration (HW
independent structure and parameter
setting)

Pre-tested integrated MHS modules
requiring no field testing

Dynamic (high volume transfer load)
simulation test and automatic transfer
capability estimation (throughput and carrier
delivery time)

Ease of Maintenance
Fault tolerant transport system controllers
Automated preventive/predictive .
maintenance, calibration, and fine tuning
System by-pass transport feature to allow for
minimum impact of component downtime

Automatic trouble monitoring/recording, with
error analysis, diagnosis, disposition, and
recovery

Uninterrupted material handling control
system during software installation/upgrade

MATERIAL TRANSPORT
SYSTEM CONFIGURATIONS

Integrated limited direct transport system
that performs inter AND intrabay transport
with standard interfaces AND bay stockers

Single direct tool-to-tool integrated system
FOR full direct transport with vehicle bypass
transport capability

System or vehicles for simultaneous
transport and delivery of wafer carriers and
reticle carriers

Direct transport with central storage

Large scale conveyors and next generation
vehicles

MATERIAL HANDLING STORAGE
SYSTEM CONFIGURATIONS
Large capacity central storage systems and
zero fab floor footprint stocker

Modular field upgradeable stockers which
are expandable to very large capacity

TRANSPORT LOA
IDENTIFICATION & TRACKING
METHODS
Carrier identification system for separate
tracking of empty carrier and lid

Wafer ID reading to support 450mm wafer
tracking

300 mm

300 mm

300 mm

300 mm

300 mm

300 mm

|

300 mm

|

I Rescarch Required

/1 pevelopment Underway

[——1 Qualification/Pre-Production

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

Figure 40

Material Handling Systems Potential Solutions
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First Year of IC Production

2002

2005

2008 2011 2014

MATERIAL HANDLING CONTROL
CAPABILITY

Integrated material control system for
interbay and intrabay control

Intelligent empty vehicle traffic management
control for direct transport system

Transport vehicle dynamic scheduling and
predictive control capability

Advance WIP carrier transportation
scheduling systems with prediction capability
for lot movement optimization

Advance reticle transportation scheduling
systems integrated with WIP movement

Flexible lot size transport, capable of
handling split and merge. (Note: same size
carrier with variety of multiple lots)

INTERFACE STANDARDS
DEVELOPMENT

Production equipment to material handling
system hardware interface for carriers

Next generation exposure equipment to
material handling system interface standards
for reticles, reticle handling

Stocker to interbay and intrabay transport
system interface for carriers

Direct interchange capability of interbay
to/from intrabay

Software control interface standardization
from handling hardware to the host

Standardized single wafer equipmen
interface with wafer transport system,
including interoperability to equipment
chamber

300 mm

300 mm

|

300 mm

|

300 mm

I

300 mm

|

I Rescarch Required [/ Development Underway

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

: Qualification/Pre-Production

Figure 40 Material Handling Systems Potential Solutions (CONTINUED)
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Figure 40 Material Handling Systems Potential Solutions
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First Year of IC Production 1999 2002 2005 2008 2011 2014

IMPROVE OVERALL FACTORY
EFFECTIVENESS
Cycle Time and Throughput
Real-time scheduler and automated
dispatching integrated with MES & AMHS

Factory systems that support wafer, recipe,
and Reticle cascading

Factory systems that support multiple lots
per carrier
Highly Reliable Systems

Fault tolerant computer systems with
transparent hardware switching for failures
(minimal to no impact)

Software application fault detection and fault
tolerance

Real-time distributed factory systems 300 mm
monitoring to detect faults

Distributed factory systems for fault
detection and correction

Low Maintenance Systems
Software applications capable of dynamic
upgrades (minimal to no impact
Databases capable of dynamic upgrades
(minimal to no impact)
Automatic/Dynamic factory system
reconfiguration
Integration testing of overall factory systems
through simulators or emulators
Standard install programs for factory
systems (Wizards)
Flexible Manufacturing Systems
Scalable system performance 300 mm
Web capable interfaces for factory systems 300 mm
Wireless/portable user interfaces
IMPROVE FACTORY YIELD
Recipe management for all production
equipment
Integrated in situ sensors supporting
automatic process control
Real-time systems to detect process .
excursions and automatically stop productio

Real-time yield management systems to
correlate test and probe data with process
information to automatically determine
process problems

300 mm

300 mm

300 mm

300 mm

300 mm

300 mm

300 mm

IH'H

ACCOMMODATE PROCESS AND
PRODUCT COMPLEXITY
Decision support systems to facilitate data
searches and information correlation on
process and operational data
Data collection granularity to be configurable
(Batch, lot, run, wafer, die, etc.)

300 mm

FACTORY SYSTEMS (FS) REUSE
Standardize FS to FS interfaces

Standard FS to decision support system
interfaces

Standard FS to production equipment
interfaces

Standard FS to AMHS equipment interfaces

INCREASING PURITY REQUIREMENTS
FOR PROCESS AND MATERIAL
Improve systems to monitor and control
chemical, safety and environmental items

Improve mini-environment capability

L

I Rescarch Require [/ pevelopment Underway [——1 Qualification/Pre-Production

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

Figure 41 Factory Systems Potential Solutions
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Figure 41 Factory Systems Potential Solutions
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First Year of IC Production 1999 2002 2005 2008 2011 2014

FACILITIES CAPITAL COST
REDUCTION AND OPERATIONS
COST CONTAINMENT

Use benchmarking activities to develop
standard performance metrics and best [ 200mm | soomm |
practices for facilities construction,

operation, reliability and equipment
installation

Develop standard facilities design 450 mm
specifications that reduce unique customer I D 10T I I I I I
factory designs

Develop strategies for extending factory
lifetime including layout flexibility, | s00mm | | | 4s0mm | |
incremental addition of facilities service
capacity and reuse of older facilities

Develop and implement global standards for I

building, fire and life-safety codes as well as 300 mm I I I 450 mm I I
risk management practices
Ensure that production equipment complies I 300 mm I I I pr— I I

with industry guidelines and standards for
facilities services and utility consumption

HIGHER FACILITIES SERVICES
RELIABILITY

Use benchmarking activities to develop | 200 mm I 300 mm I

industry reliability metrics and best practices

Use reliability engineering principles and I 300 mm I I 450 mm I I
standards in facilities systems design

Use total productive maintenance I

methodologies in the operation and 300mm_| I
maintenance of facilities systems
Implement voltage sag (dip) immunity I 300 mm I I

standards for production equipment, facilities
services, and utilities

Improve control system reliability through | s00mm | |
use of more robust system design,
hardware, and software

MORE EFFICIENT PRODUCTION
EQUIPMENT INSTALLATION
Use benchmarking activities to develop
standard production equipment installation I 200 mm I So0imm I
metrics and best practices
Use flexible factory layouts that allow for I
easier installation, removal, and

reconfiguration of production equipment over
the life of a factory

Drive use of SEMI standards for production I 300 mm I
equipment installation

Improve existing standards and develop new
equipment specification standards to reduce 300 mm 450 mm
complexity and customization of production
equipment installation

FACILITIES SOLUATIONS FOR
ESH REQUIREMENTS
See potential solutions table in ESH chapter

for other solutions involving facilities design
and operation

s00mm | | asomm__ | I

_ Research Required : Development Underway : Qualification/Pre-Production

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

Figure 42 Facilities Potential Solutions
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11—5 Z7uXBy iR (Cross Cut Issues)
11-5—1 BE. &4, #&FE (Environmental, Safety and Health)

ESH (58, B4 fE) I PER T OXRFBIOEN CHICEEREEHZFEF->T0n5, T
FHE OO OB COREERE X, BEFEMWICH EIER2NOR 2RI OBREICE T2 LWV E R
T T LG EELAZEIL, RERAU NI F > TWD, BARLRE HICA B LR 2 B
THZET, EMA R BEOSGEEBET NS ESH b0 ERGFICHE G L TH 2RI
SH BT DAV a— VEZER T HTEOI, MR LETHD,

152k D LG BT DML ) 7222 42 003 G & ffe 32 L722 T uide Beun, B B L ISfT R L T
I DfE B (Safety Risks) D58 RRBMEND | AEZEH B X O G D720 42725 236 S 2 Ok GE
THOEENENND, ZOEME T, BBV AT A, BEI VAT LANA L Z T = — A% LD3EE | B
VHET7 =AU TH, ELLEBRINRITNIE B0,

T A DOEFITETETHML TCWLEREHRIRICE L TWD, FIH ATRERAG KEE /IX T Tz
BOVARXBLIOEFTICHFIEZRLTWE, VY — AWM B 5 /NCLY Y — 2B R a5 KT 5L
BoORRNAETHD, B LA BB (Materials) OB H i Z P2t w0 (%Pl
NV IZHIETIT2HERDD,

INGOTa T TR THEZLDBELEZEET T ITAYBHAI— T EED)Y =A< KT AR
T T L0 AILEERAL NI N FE 0, ER OO Sh, 3R K o ThE YL S 7= I
FHEZED ESH O BIOHFICHET% 70/ 700 KIBREENATiEE /0D, BB ET
AT F AL B BE AL FRIC IS S ESH FRHEDE 2223, ESH PERE 2D NI AMIBI L Tz
WENREZLTZHT,

11-5—2 RKa{&E ¥ (Defect Reduction)

B AU T2 R B AR BRI DB X AR B L O BV AV 26T, L KM IRE A B 0ET VIR
KHREAMEZEEL COHEBLOSBVICO VW TOEALERIZOWTONL — - E2H 725
T BB T 0B ARTA—Z DO~y 7 BN 1t AH] #1125 SV T8 7 VI3 RE
VA EBIORE=FT 2O T ERZBO T, 74 & &AL E TOM A (End-of-line
Inspections) [IZXf T OEKAF LIRS T LI, TR EARTIA=FBIRNTw AR OA 2T 7 a(C
OWTEDOHFHMEEZHEE TLHILLIEFICEHE THD,

THETVE, Fo, RERER, BELBEITUT BV EBA—T T/ —varBLUN
KD/ — R T HILRME DT DIZEN 1 72 T a8 5t A R AE 975 K MK B 7 & AL B T & 72
FE7e by, Table 57 IX K M {K i =— X &4 15 45,
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Key Issues Potential Solutions

Variational Tolerances of Critical Process

Parameters

Process control enablers and extendability Experimental mapping of the parameter

Root cause analysis of performance space for each process and correlation to
detractors device performance

Process Interactions

Wafer state analysis Short loop modeling and experimental

Initial equipment state consistency mapping of parameter state variations

Impact of contamination on OEE Component wear and lifetime studies

Process Critical Fluids and Materials Purity

Requirements
Point of Use contamination monitoring Industry test structure for each node on
Materials reliability and consistency roadmap

Process parameter studies

Reduce End Of Line Inspection And Monitor
Wafers

Nonvisual defect detection In situ process control
Metrology for <.08 pm defects

Rapid Yield Ramp

Process specific yield models Inline inspection metrology

Process control Correlation of parameter space variation and
defects

Facilities Impact to Yield

Electromagnetic interference Short loop models

Vibration Data/metrics standards

Molecular contamination

Table 57 Defect Reduction Potential Solutions

11-5—3 EFV 7 BIXVOI2b— 3> (Modeling and Simulation)

SHOETVIITLHERICH L TCEEREMREZLOT, HETLVBLORS V2 -7 ET
N EE VI —H TaeRAVIal —HF TS A2 A BI ORI K Iar—F 77T
VAT ORNET VIR CLGAE.RON LICHERT 5, 777 N7 7L —va Akt 358k kR &
ICOWTDMRBRIEEZER THZDICKLERILL, ZNODOET NVEHZ TR ET LT TIERL
ZbotBELROITEHABIOEETICOVWTINSEDET LVEA LTI —va$5H2EThH
5o

TV TAR B ETVBLORS P a— I T ET Va0 T 7V —vary L ideblon, 2n
— 7 RBIOBEVEL ETDHDIE E 7ot 2 # (Advanced Process Control: APC) % % &
EFABLOTBERET VI BT RTFIERLRN, EEBIO T o200 v F2BEHIC
X0, B R7~vR (Look-ahead) 7 =B X OFER 7=/~ (Non—product wafers:FEHR §i 7 =
N) DESR DR E SV, FEAEPE R 7R AE E & E PR E R [ 2 RV ELE 5,

EEETLEBINTOBRET L ETANAAABLORI B 2L —H DA T 7L —a i L
et E EH R EF OB Ot a=r—var BRI, LRI EM N T 5% 5207267, &%
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HEN IR T ROICEET 220003, FEFICEERLRETANLETHL, ZNHDOET
IV % e FE éﬁt,en+@®%ﬂé\ﬁf4y%7‘v—ya/a“5_k XV EH TS R A iR AR O
BT T TED,

COBEMBET AT RV BICEBERBION T e ROA T RIS, ETETIRGE T,
WCRHEL TR —OFEHEMEIE - BEELRLID, Lol FEEOHFEL T CTE+4 &130n
RPN WIENRTA—ZH ORRZHMFEL T, ARE 4L T, B BIOH Iz OV TR L
EEFHE IO, ETVIIEHA SIS, 2RI, B —OFE IR 72587 L OK T %
ST,

ETNLOEHEYNTIX — AR =2 BT X = 2O T V8 — B (First-
Principle) &7 /L 3 L UMk aJrfcwlxé:ﬁﬁ G LRI ZRB720, T O E 2 Kb I QB E 4
OO, AV NI NETARBIOEBETADBMLETHD, BB FTNAVIVAL =a—TF)L
IV NI =7 TTIENTFHAN | BA AR — RV E BB OV T 0T b Tk
DRI ITBE MR AT LTIV ICBWCIER ICE EREEL2IRI 5,

F AN —2A<v (=7 F1£ (Database mining techniques) Zi@ A LT iR 520n, T o &
THERINDE KT —FREICED, ZL<O TR ICIE W TFE ATPERIN D, 3 H %
ETF T LH R OB ERICEV DT =2 DL LT IR T2, bEENRYY—R
EHICHEZEZE LU BFERSEZRETLOILNRETHD,

%ﬁbb\fc?ﬂ‘/7‘%%%611%%7“‘ﬂ/ﬁzﬁf%@$ﬁﬁ%kﬁLfotc“lirbci“foc%tcb\o BA % RE R B L O
FEMRF R ICB W TEBERLBZRLE TS0, 77TV —h 74770 b1 T (Lego) AXA/VIC
ETNET BT A LT IERLR D, :L—*j‘ﬁ>_@/(7‘\—7°/1/$’éi%§'é ZFANDI=OITIE, £
ZRER LG — P BIOLGET VHEMNEICH L TR TR —F A T2 —ARLETH
%

11—-5—4 Apvud A7 L — 32 (Metrology Integration)

U N YA X DN NPT B E R R E B T Ao, T E BT — XL — NI
WRT D, O KT —2E&EHRIHEH T 5720 "*—5{75>{1ﬁ@7—5z9ﬁ0 VEVA
XTI WMEEEDSITTELLIC hmm//X7A%Ii;§'J—w\ﬂ/ BHIE AT LABL O ¥
LUVl AR i o AT LT 2T ,muocfnif;%focm EEOME R I TS OEET
VTR RICESCINDEM AR /NN T D0, 20T —F x5t 1 # (Data—to—-information) ¥ #E 7
THOREROHF CTELETRMICHFELRTNIE 200, JIE T —# Y —AOF X E EH
TAX PO (AT BLOTIar o) 7Ty T UB L ORKERBR ~LIARD, BEENOM T35 % i
DIAFRITNITRE2W, JIE T —HITMA T, REWIC, 207 —F (Bl XK Ma Y — AE213 22 [#]
VI =FX)IE SR A REF LNV OF R E RIS IO THER 775, 300mm DT
BN, REY = VBIOWEY = VIT R TLIGA L ¥ 72— R DD R 7T AK
FX—REEN T TAZZHE WS NDG A BHD, — O 300mm FmEREE T Kbk
HEWELZS o, ETETHMLTCNAZDOANERY AT 7L —2 a3 APC DO E SN T-FERE
TRUPIND,
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11—-5—5 ITRAVZT7 = —AEL D N E & (Factory Interface Standards Requirements )

300mm fLICBA T 23 H 72 —XICBW T, FEREDOHA TRVWT 7N T 7L —va ff i
DB TIXIC A—DBLOEE YT I YO CEBEZRWH I BPAFIEL Tz, Tk, 2 & B 76 ks
WEK /L, 7aBeAB 3 OE Kipaxh/ VA7 EBLL, HHEEEZIVIKER TS 1 DOFIET
BB, BA IR ARIDIREE TH A4 BF (Pre—competitive areas) |23 A I4v. &2 TOSMEFITF|
WRHLTEHINLEEIT, RBIBEDRA R THLZ L2 EDORBRIT AT,

Figure 43 (3 300mm % HEALIZBE T DBUAE DIEEL 2R L, fkKE LT255 1 DR R b B TH D
B 2R L T0D, a7 MNIZa— b b mfERICEVE o Lb RERFI R EZLTZOT TH O 4 S
D FAREFE - E L E (Production Equipment) . 77> U7 43 A7 A (Facilities Systems) . MHS
(Material Handling Systems) . L33 A7 A (Factory Systems) Zh /3 —94 3, ZHHDFEYE D K Ih
L7cB%E RELBLOTANMI, THOA Y TA AL BIUES TR F Y27 TOT VA PE ~
DONH EIFICE T2 I L CEERD R EZFF S,

EAMEE I TRICBIA2 B ZRHEROA 27— R) OE ML T T8 oF ML > S
TWABEMEMEL XLV OEBICKIBICER TS, /0¥ 72— REHEAC B ITAHE T O ITZ
DOu—RK<y I I TV,
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Production Equipment

Enhanced parallel I/0 Integrated
standard for ceiling based mini-environment
standards

transporters

Buffering standards
for continuous

operation Reticle carrier and

loadport standards

Wafer and carrier

standards
Carrier
environment [ —— Rear user-
standards interface
. standards
Carrier ID Production
standards Equipment
(side view) / Standards for
Loadport safety counter-
standards I measures

= l

Equipment footprint
and height management
standards

PGV docking
standards

Enhanced parallel
I/O standard for ground
based transporters

Facility Systems

Cleanroom
temperature and RH
Cleanroom height ranges
standards /
Utility, fluids, Rear °f’fd“°“°” Wall interface
exhaust, drains staydards
hook-up
standards
AN Environment/
— cleanliness
definition
Raised floor Fab level
height .
standards Maximum - Maximum
weight move-in
standard  sjze stds

Sub-fab standards
Gl EEEN

Materials supply
container standards

Standards for facilities systems
safety counter-measures

Factory Systems

Other
Manufacturing Systems Decision

Execution / | Support
Systems / Systems

Standard for data

formats, data access,

and inter application

interfaces CORBA/

DCOM

Process Job,

Control Job Production
standards 4\ equipment
Carrier mangement_ Utilization
standard tracking
/ i standard
b Factory

Network

CIM systems ’II'II

SECII
GEM
HSMS

Carrier |
ID standard s

Enhanced parallel
I/O standards

Wafer level tracking and Process

control standards Control
standards

interface
standards

Material Handling Systems

Stocker
Standards fqr single transportgtion = specific
system serving interba and intraba 9 equipment
: S "
functions Transport % maodel
spepmc =
equipment =
..Bay.ceiling model /e : /
5}
S
Stocker to transporter 5 2
interface standards S (g_
2 @
)
Transporter to loadport 2 o]
interface standards
A jFe )
Standards for safety ~
counter-measures ! [ L
Fab level
o}
X
Q
2
(7]

__Sub-fab level

*Specific equipment model that defines equipment behaviorial characteristics

CORBA---common object request broker architecture
SECSII---semiconductor equipment communication standard
HSMS---high speed messaging standard

U/I---user interface

PGV---personal guided vehicle
DCOM---distributed components object model
GEM---generic equipment model
RH---relative humidity

Figure 43 Areas Where Nonproprietary Interface Standards Reduce Factory Cost and Risk
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