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! Factory integration is the combination of factory operations, production equipment, facilities, material handling, factory information and control
systems, and probe/test manufacturing working in a synchronized way to produce complex products profitably for a time-sensitive market.

2 Strategies for determining or dealing with the upper limit of factory cost are beyond the scope of this chapter.
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Factory is driven by Cost, Quality, Productivity, and Speed:
= Reduce factory capital and operating costs per function
= Faster delivery of new and volume products to the end customer
= Efficient/Effective high volume production, high reliability, & high equipment reuse
= Enable rapid process technology shrinks and wafer size changes

Figure FACI Factory Integration Scope
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THhEH

TR T, VY —2OWERE THIRIER L BUEDMDBIEIZ DN TOA L T 7L —3a AT DV TR T
WD, BTG A7 S A BEBRLFAHN(WIP: Work in Progress)D#c/IMbEA—T > FOF AL, D> DOTEH=Z AR
HARSHERFT 272D DIFMEIR AT A Wik, 2ol 2—T A UTATDOWTThHD, ZEEOFEE, FrCBEhRM
b AR, RIS - BARRIERR ORI E 4D,

THRERMI RO SN AFEREL L TR D EANIEER D TIT, B~V OBRGEREL WO THLEF 055
IRT p— AR R CE D R T RSN AUGE B EZ S L ThDd, THREROEELL, &
vy MBI ONBRFE YD | AT HTZ0DH AV VHA L X-factor, 1 F¥UTHNOEy M 1 N1 BHHZWOT =
=N LAY ETHD, ZIHDOFEIL, bR FE) D SRR PE CEBIZNT ORLTH D, 2
HDOFEEN T FIZ A PE 40K O fE CRLL T A7 VDN THHI T 4 — AL TVD, MA T, T B o
HED DD, BERE TN RAIDLIEEINAE TOWIM, LEERADNSIRAND—ERFRT = — RS HTDHETOH
[, 85 7 e e AOEAHRAHI, ZL T/ =D 7aT « A= 2R T D,

TAINEA LTS SBinFBAEFE, DA FEEO W FIZB W TEERNE ST L2 TS, A7 HA N,
T35V —ADFINED L7 A FEREER FANEO LR E | BT RIS D, 2 DD F e ST A7 CRHilis L
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HRETHD,

U — 2RO AT N ECTEHIZES I TEBY . A — 7w et B L TS A IR T 572010, i@Em
DRIHSITE ., — 7, B OLORAIT e, A7V FALEH, o ha—/ZBW T ng Hh, T
2=V DHERRS AT NAA N A 5.2 HEEIREZ 5 ThD,

Ala) 12 Keay MPA XDy M A X R FRIEEL T, AT NAA DRV AT NS A LBEEFRIED T — 7 b~
Nz Tz ZOVATNEA DBRAEZ VR THHIC IS T, 12 K08 25 oy M A X CToREEE ORE )2 K6 HE
BENTE /Iy M AU d - TREEEE S0 D BE R TS A HER TE DI D, /Ny AR
EICE DR ATILEADILTODFIEL Tk, DBy N CHEBOL B U DAL TCRAT, S E DO
DRI DA E WD, /Ny M A RO A FEM T AZ LN T D H T, Dy M A XD
AV NG A LRLIEBEDOBEBZRDIE TIZOWT, EEOUELRT LN HRD, FZDIO7IEEDOUEE T, b
A PEIZ BV TH A ThEEE NS,

LN IR R U T T O FATRIET, Z<OBESRIUKATT D, BT, EEEABFES L8R, A7 24
LRELIoTLEIEV ST N — R AT DBHRIZH DT A7 NV A DEIEEE FERIFVED ST 2035805, 1E-7C,
ZAVEILD TIGE, AR IS B S @nx% IZXIL ., BOPEHETHE U RAOYN O THA V2 A LA FfE
TOREEA TR L2 AU D7a, [FRRC, ZanRAERED T, DR EUEAEPED TIIT R D
REL B HIRED S — VLB I2 D, ‘l“%foc&“ DEFEEFICHOWTIE, ZEEFIH, AR, B K T’ T
HREND, BIDFEIE ChHAHIEERR G 7h3(OEE: Overall Equipment Effectiveness) | J5#HDF TIIIPIZIR S
AUTURUN, Z4UT OEE O EEREFRZ THLFIH, A RENHIROR THHRS DD THD,

3O C, TGO FARN 2 FATRAEE U TSI CET2b DI AEFEMEORKEE72 6] 03~ T2, ZOAFEMED[H)
B, FICEERAIZIBUN T, T AINEA LB T DI, A—T YN A ESEAZEOELLERLTIEHD
Thbd, LTINS DHNAIRCEDL Y = — "B A AR T DT ENUEETH D, 72872013, ]
== AR (450mm D EH72)ExH 7o o T- i fi T3 ClIL T 7NV AHAD o\ I BES U A Y = — )
FV 727256 TH D,

TR, R ET D0 0% EHR T D7D ORFFEN, JOEFZ AT CTT7 4 — DA TELLI R TAL A
RS AT LN FEETH D, ZOHEHLIL, L a7 RIS — BF 0, TIAYRLNEDT A BRI
H<ZETHD, ZNOIL, BIESNICVAEEEASNID T LY TN =T 7 7V r—ar b CTRBI kAT I
2B THAY, TLTCINEDY TN =T T TV r—aid, BRREEY —, b LLITFERY —L LT
EROIERFE AT MR ESNDZEITR, 535 TIGER I T2 DA FEM A HEtEL | b+
D — )L 70D,

TIEANEEL 2> TETWDEY — DS L T, THHERICBIT D~ AT AR —ar DR S5, =
i, T T~ AL F I N AT D~ A7 4~ —ar M, P RELED Y7 T A F = — P CHEEL
IPREREER D OEDTHHEEZ DD, ~AZRUEDHHES S, W LELR, T 7 aAMARS IR T2 )
PRI, vAVEEEIZEEE B2 TD, YAVERIEIZIT S ik _REW DD O BB/ PRERERES LT

i K727 —4 (OPC: Optical Proximity Correction |Z331F DR~ AZERRIZ M E 2T — ZVERROD IRFH], Mask
Shop 7 —H# VAT LA~T—T TR T T —F% 1R, n— RN AR, 728) | #EDERO= AR B T3 K%
DR\t RGeS 7T AF =— 2 EDO R E B35,

TIHREROfRIRGEA 13, FHBEPE OISR B ED Iy — v b | EEITHEEIL QWD THHO RIS L
ITFEBHIRY — /UGS ID, ZhD 2 DOFRRSRIBERIONEIL, Fo7c<E2D, LinL, ZaufED T4 %)
FHNEPET DITIINETHD, BRIEHY — Wi, 2OV R —MEREL W ST KRED T — X & 3L
FTHERRE I — VLT AT — S ~D T 7 C ANESREND, B2 B L, 7 — 2 OB
FTHRPUZB N THEREL TELLINZL DT — X OB AIBRTHZLThD, BT —2EIET 572
TR ATV = Nt &7 — 2 S HIWTE T 572D D IEL MERAZFRE, EHT 27 1TV LD
HIRPUETHD, ZL T, AH%DETT NELTEDAL TV 2 M EFAHTRETHD, THOT—2Z
ZNBDOET VDR, @V OFIFMZROT- O DOREEHNRINHRETH D,

TR T —7 (T x— B, ) —F TR, FHINE TR, 7;%1%33) (IR T BRI CHERETH
BA . FERELTHHRRE 1oV T T A F = — L BHAIN D LD, WD, 2T, EOLBWOBORLL AN/
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LENTWEDE PO AT, EFEMSGED - DA TH D,  FE/RIEEOHE AT AT, ZELnL
TEY, GV == LHOFERAAND T5%LL B 56 | BB DWND &2 E DORMHERE S ST
Do

U= NIANRIZ GO D DOTANEMNDA L /I N gind 2 E1T, ZEBOFIANE, ARMEOSGE, (Fl2 3%
SFEIC L D) By N Ty T R A MIEIC LD RES IR ADUGEN M E L SND, R THAr Y a— U7 b E i,
BEOEHEVELTE FHOUGED FE/ENZ X7 L, VAT NZALES L A 2T Y3 (OTD; On-Time-Delivery)
DYGEZD7213D, i S S E A RN R T D7D, IRV 2=V T T g Ry F T
DY —)VOTE AN TUIRBIRN, WL OE O BRI TIHA Y 20—V 7 %R DL TS, 23U,
ke A7V 2= )= IO A P 2= 7 IR — S PRI A SAU TV R0 AMHS 36T 5
Do UTNAA L A 2—=FEF 4 239 F ¥ id, AMHS EHEBAL T F U ADAr Y 22—V T INRESH., L
TV —=RADART Y 22—V 7 R — DN AJRO L, A 2 A LTI ARVEUGEL  BETEZ M) ESH
HZENEREND, (THEROMRFAAHOXK FAC2 25 M)

Table FAC3a Factory Operations Technology Requirements—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM : Pitch (nm) (contacted) 65 57 50 45 40 35 32 28 25
Wafer Diameter (mm) 300 300 300 300 300 450 450 450 450
Non-hot lot (average of 94% lots)

Cycle time per mask layer (days) 25

1.5 15 14
wafer lot
Cycle time per mask layer (days) 12 1 1 0.84
wafer lot
X-Factor[1] 31 341 3.05

Hot lot (average top 5% of lots)
Cycle time per mask layer (days) 25

0.55 0.55 0.51

wafer lot

Cycle time per mask layer (days) 12 0.50 0.50 042
wafer lot

X-Factor[1] 1.3 13 1.3

Super hot lot (average top 1% of lots)

Cycle time per mask layer (days) 0.32 0.32 0.31

High-mix capacity degradation 8.33% 6.67% 5%

Bottleneck equipment [2] [3]

Utilization 92% 92% 94%

Auvailability 94% 94% 96%
Wafer layers/day/head count 61 61 67
I[j‘]““be“’ﬂ""s per carrier (high mix) | npitinte | Muttiple | Muttiple [T TRl T R VS VA S T s
Facilities cycle time (weeks)
1st tool to 1st full loop wafer out 13 1" 1"
Sﬁgﬁf‘gj::g“"“ 12 12 1
Floor space effectiveness 1% 1% 1%
e | 0 | s | »
P I I
ot S| | e |
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Table FAC3b Factory Operations Technology Requirements—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM % Pitch (nm) (contacted) 2 20 18 16 14 13 1
Wafer Diameter (mm) 450 450 450 450 450 450 450
Non-hot lot (average of 94% lots)

Cycle time per mask layer (days) 25 watfer lot

Cycle time per mask layer (days) 12 watfer lot

X-Factor [1]

Hot lot (average top 5% of lots)

Cycle time per mask layer (days) 25 watfer lot

Cycle time per mask layer (days) 12 watfer lot

X-Factor [1]

Super hot lot (average top 1% of lots)

Cycle time per mask layer (days)

High-mix capacity degradation

Bottleneck equipment [2] [3]

Utilization

Availability

Wafer layers/day/head count

Number of lots per carrier (high mix) [4] Multiple Multiple Multiple  Multiple

Facilities cycle time (weeks)

Ist tool to 1st full loop wafer out

Generation-to-generation

change-over (weeks)

Floor space effectiveness

Average number of wafers between reticle changes 25 wafer lot

Average number of wafers between reticle changes 12 wafer lot

New non-product wafers (NPW) as a % of wafer starts per week <9% <9% <9% <9%

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known -
% FAC3a b DE:

[1] X-factor |FfkpEL CeEH, FEEROD X-Factor fEIT 7 mE AHAE/IFHAD BT mE ARFRII R E KAF
T,
[2] RMVRY I OIGEITIEH, VI T T77 1 AEE LI,
BIFAMEEA At TRk Coo
(412 FEAEPED EFHTLL T DEED
[Fl—T35NT 3 DI FRIRH it T D
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[Fl—DHAFART 10 LB T re270—THiHiTD

< THNT 50 KWL TS

1-10 K7 =— "D/ " AR

BHERE CL T IV A D ABRT = — DI 2 50 LT

1y MUBEBRARIS I A S~ DA — |\ Z LA He 845 7 e A7 a— |2l my MEs H 2281 b

*50% L OB EORL AT, A el Eb 5 oo &R (BT a—) 3D
THRERIRO LN DFRED A

HH A

| YAILAXHTDDV AT IV | TANT 7235 BT RFEHREE C, vy MU DA 1 ~ AL oY

HALGEF TR BT THELE, B121E, HH7 et 28 20 Hrv A, 1 ayh 25 Bryo—
INDRED AT T 0D AT INEALI 1.5 AT 5E . TN 4% o
h—=Z )V AT VHA LT, 20X 1.5=30 H &5, 1 b 12 BOBEDYA2
NEA LGB CEHRTRE TS,

| YAV AYHIDOV A7)V | EFRIT FReeFkE,  —MIC T TR, BmF ey R 2oy MMEIES

HA LGy YR D, FEREL T, Ry by bV A7V H A LT, 12 "D =— DS 25
MOGER 12 OGEEBLTH, #F 1y D 50%LL Feied, Fridihon
v NIy ey U TALBEE NS,

| “2ATLAY ST VDA 2L | | BV DT == 5 L5, —fRIC TS T, By MO Znsomny

HA (A== bk

’MMES S NS, Iz aEAT7a—0 P~ b BEIS LY —
IWIMEDINDZER, REBRESE N V7SN HZEbH D,

FERLL T, A= —Ry by sV AT EZA LT, Ry by hDOP A7 VA A
LI0ELR5,

X-factor| 1]

X-factor | LM—2 /L DAV VA NFFOIRHEHR— VR IR IEREO 7 222
IRFR-HIRS A & IE RO 7 -2 AIRFE(RPT: Raw Process Time) CHEl-7-4H,0
Tid, | By hd 1 HEEIZIITD RPT 13 DOHEE T 1 oy MRS LA R
TDd, 8, ZORFRITEEE D T SOERZBIIEL . WS T 5ETT
(ZDT=DMDIEBE~TBE TER2 )T L RO BB TED, THED
RPT I THREND 7 0 AE4EE T RPT HAHLER DA CTh b, THED
FUIIRPT IIRENR N, 728 7251E, X-factor E 1~ AL AYHTZ0VDHA7
IVEA LIRSV TNODINSETHD,

BRI X VA7 L4 A L =RPT X X-factor

BUROY AT NEALE 1.6 HI~AZ T, 2D X-factor % 80%DFIH T
32 L9 58Ty D RPT=1.6/3.2=0.5 L7325,

HF Ty Ry kv ko RPT NRICETHE, vy by hod X-factor 1% A
o, SEHL” OESEIEN CIRES LD,

EZTT Y Al B

(% CRSIVAON LD THHERD AFIEZRE ) DAL L THD, ZDHE
BRI TP AZXDO D, B N T T OIS 1L~ TEE D, ZhudTA
YINDOTRTOIEED Y N7 DR ThH D, K T 5%(45HFE, 1IFOUP (2
S KDY ==~ 100y LIV ey Ny TR EZ D, Te— B2
1 BSOS 15%(Z650FE, 1FOUP (2 25 #LL F DY =—2~ FOUP
TUICLIE e Ty T EEZ D, 1 ey IS RN D, ZOFERE
VIANRRET TR 95, ZHU3(1-(Idle No WIP) L EFES D,

Idle No WIP | Z2EE DK/ XD T D, TAUTIEE DN HERIRAE CREE )
D% WIP 25720 NERE | ZHEF D WIP 23720, BHEXITA L —2 3%
TRRE IR ERRL TUVRU Y,

RNV R 7RG ORI S
AE2][3]

AL SEMI EI0CIZEFRSI TG, 7 b REES LB 2 L X (XIS
NT-HRER A IRREICZH D HiAA, |

FIFMEIL SEMI E10 I[ZEFRSAIVTCND, T7200 HEENH LR ES - RFHH
W CEEE D B XS REE R 8 G, 17X Ty b 25 K,

3 SEMI E10-0699E: Specification for Definition and Measurement of Equipment Reliability, Availability, and Maintainability (RAM).
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HRAMET b7 5 AR R A ST e, FIFMEI I A2 21 DA
W2 AZ LR USROG Glkr . V757 (358 2 U B R &%
ZHIVTND, HIREEEORIH GaT, VY777 )X THOIREIE 72D, )

BES ) RD D,
1 N1 HHZODOT m—r~ LA | BEEDT TN v R EE NBEE ST EFEVEDFRE, 1 HIZUERSNH Y
N == WL B~ AT B OFER 1 HOEEE AN B CEl-T-H D,
T M0y M [BR. B, BRI SNA BT ND Lot £, Zdnfi LGBV T, Vr—
Fi) ANEUF Y R0 25 KL T E7RD | EEENT T NOE T = — B

TRDL U ERNT A CUERE FAT T HZ LN TERT U D720, THE
RHEL AT W E BN THDOZ N ENDRA L NDORT = —/Na B
FE. B, HHECEDINCERESN VD, TIHHEMHIEL AT LT, £ =
—NZHRIL T, B DL T B0/ 3T A—F UL D RS E A B 9 HRE
ERLURTIUTZRB20, XU T NOSEHeyNT, 18Eny Mz 522 85 E
Wed 25, ZabfllT, APERIRD 50%LL 2 1 RS 5D L D7t
b 5 OO EFEMELET 1 )05,

L o200 [ BEIROT A ALY BEE T mE ADNEASE TS E TORHRICH
[HIGH) BT DRGEEEDIRASIN TODENORY BT ET), £ 80%D
BEAFAEE N RIS, 20%03 0 LSS NT2835,  BEEIXFEIC oL
P CELGNZHLHb DL, WEITERL ~UZHLHLEDET D, ik
HUAEY 2y N a b REEE T AR A 7L ETD, W IIRES L7,
TV N—BDTAT A | TU = BNOIEBE R L OTRIR THY | FEEED T b7 M/ el
AR L., A D 5 ERAE NS D, (TR ATy T8 X HET=—
B/(REFRE X 30 H)THRIND, T XTOHARITIBNT, AZVERA 1L
AXAINEI, (T =— BT D7 b AR - Lo O R
A% DERET DL, BFHOMATIE, 3HE BT, 20 b—24
BN m2 HI-VRICT TN Y SR TE D,

1 ST DEPEREL | FTHHOIERLIL Y = — ~\NPWKEA | [RICIREI R AS I h—2 VA PE Y =
x5, FERLL Y = — —\ORECEISTAE,

(NPW)BELDFIEN %) SRR = — N, T AN s =Sz BRI = —
N BT 2= N EFEL TNV,

LFINSHIOD 2D | AU T TR B IS W,
R HEEAY RS JOIT, L T2V S MBS T 2 O P T,
FOUP : Front Opening Unified

BLEAEE

BOEE CHRORIIL, THNOETOTm e ALGFHIPGEZ ST, FAEENEa tr—T WETn b
RE=2—/W(EFEM: Equipment Front-End Module), 2—R7R—hF, FxU7 | 7o— kR, IRAN AT LEDA
P T 2= ADT =L =T RV TN 2T AEEA~DHIA L FT 2= G le, Flz, BEAESRIZIE, REEE
DOFFEE, FRZ, A HME, FIFEN SIS,

BELEEORGFEHIENL, V= — BN TV DT O A AN AT D, FoT— NS0 DT e AR
I EVRIESND AL —T ROl R, ka2 BGEDRE RO MG TH L, b L, AFFEM KIBICSET S
Z LI BE AN &, FEHED EDNERICIEVHERF CE270 5, SEEDEFEM I ESY 5.2 HEIA
1TV DB | Bz X TREDIAH THD:

1G] C L A AR R Cx s C& D FEEEA D' N7 7 IR OO Fff

2. A PEI O R A B BN T D IEE G T b b, By Ny R A HIE T 2) Bl ) b ESERA A
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W92 FEATDIMIERFR D EL =R D HIl

3 ZEEOEEWE, A FME, R E~OfRRIRO3E A

4HEEN, FEEF ATV O, BLOT v~y T 7O

S BT A SRS CEDEEE D REHML

6. BRI AT A AR 72 030, =T (U T LVHFE B GERYL D = — 25 Te) DA HE FE8

7.TFERI, D EVIERU S NI EEE AR | (P B RRE I ERITK T D 2E T ANED HE) D 7 m R ALEREEE D
it EC L DHTEL, ZAUiE COO(Cost of Ownership B ODIEE TdH 5,

RLEE OMRRR AL EROTH E O EBU M TSR OME S D, BAgs, (L, e b EEL A
BT — 2L AT 2L T R e OB IR I BRI ~ O B fitt . AZER o7
> 7 IR Z DDA AMIAEEN EOHIIEAN EBIL T, 2B O FHIME LD M) RIZXD | 2EE A7V Z A2
DOENEK, FEER MO 23 rlReE 70 b, (EREMEEFIAMEOLEL Insitu E=2<C @& 727 a2 AH{EI(APC:
Advanced Process Control) P£RE, FMEREDO W= Ma—F B CLi2WikaE, VEe—R2WmeE ), #EEy = — Va3
6 L OB SED HBTH R T IEIC Lo TIBLITE D, LR NRO @O EEERREHT, K@D U
— G AT I IR BEND Jiik, KD BN E RO B LI KD FEBIS D, Fio, SOITHT eyl
LC, RS E 2 —T VT A THEHEO 72, Tsmart idle]<°lsleep mode) &V ~7-F 2 2B ANDHZ L, #ED
Fr RIS CEDIEBOREFM LD T EESS DL AT INAA LIRS EEAT R FOHRD &
BRI T EA BT AT LN D, SO, BTk fia B L COD I KH 53 TG94 AMCO)R I
T D5, Bz, ERERRAANDOIEEFIFEIL, MY = — P A XA~ DA TI Y oo TR AR~ A VA
= &lp o TOD(BOEEEE MR RGARIL. X FAC3 22 [H),

Table FAC4a Production Equipment Technology Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 35 32 28 25
Wafer Diameter (mm) 300 300 300 300 300 450 450 450 450
Overall NPW activities versus production wafers

o 7% 7% 5% 5% 5% 5% 5% 5% 5%
activities
% capital equipment reused from previous node >90% | >90% | >90% >90% Limited ‘ Limited >70%
Wafer edge exclusion 2 2 2 2 2 1.5mm  1.5mm ‘ 1.5mm 1.5mm
Lithography Equipment Qualification Duration 4wks 4wks 4wks 4wks 4wks 4wks ‘ 4wks 4wks
Process equipment availability (A80) >92% | >94% | >95%
Metrology equipment availability (A80) 96% >96% | >97% >98% >98% >98% >98%

Equipment-induced non-value added time as a % of

10% 10% 8% 8% 8% 6% 6%
total processing time (high mix)

Ability to run different recipes and parameters for
Yes Yes Yes
each wafer

248 nm lithography scanner productivity (wafers outs
7700 7700 8000

per week per tool)
193 nm lithography scanner productivity (wafers outs
5600 5600 6000 6300 6300
per week per tool)
Maximum allowed electrostatic field on wafer and
70 63 55 35 3

mask surfaces (V/cm)

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4
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Manufacturable solutions are NOT known -

Table FAC4b Production Equipment Technology Requirements—Long-term Years
Year of Production 2006 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM % Pitch (nm) (contacted) 2 20 18 16 14 13 1
Wafer Diameter (mm) 450 450 450 450 450 450 450

Overall NPW activities versus production wafers activities

5% 5% 5%

% capital equipment reused from previous node

>70% >70% >70% >70%  >70% >70%  >70%

Wafer edge exclusion

1.5mm 1.5mm

1.5mm

1.5mm 1.5mm 1.5mm 1.5mm

Lithography Equipment Qualification Duration

4 wks 4 wks 4 wks 4 wks 4 wks 4 wks 4 wks

Process equipment availability (A80)

Metrology equipment availability (A80)

>98% >98% >98% >98%  >98% >98%  >98%

mix)

Equipment-induced non-value added time as a % of total processing time (high

6% (53 4% 4% 4% 4% 4%

Ability to run different recipes and parameters for each wafer

Yes Yes Yes Yes Yes Yes

248 nm lithography scanner productivity (wafers outs per week per tool)

8000 8000 8000 8000 8000 8000

193 nm lithography scanner productivity (wafers outs per week per tool)

6500 6500

Maximum allowed electrostatic field on wafer and mask surfaces (V/cm)

RLELEEI TSRO BN A FRIE DR

HH

B3]

HEREY = — BT 54
NPW f# %

PE TSN I ERL Y = — EA RIC I E TS A ED =
— B CHIoTA, JEEI, BREISHIA A EE P ESHFIMETEN TS
ZEEREE T Do LT =— NIT TAN 2= BE=HT == BAEH]
V=N, TANT 7AX T ==/ N2 ED DD, ZOERITE, A CORbEEE GHI
2RO 5,

LED MR

HIAROIZEDD S | PMATTHA I ATREZR(REE) IEEDEIS, FlIAIE, ATHAR
DHEDHH | X BARMARTHEEA FTRETHY, £, IRIAUTRE 2346
WEEFTY BTHLHETHE, BRI XY TE&RSND,

WERNZ B DS E LR

LT T B CE RN 2= NSO SN T mm), V=—/NfiE

1—/\ij‘}¢g é\fﬂ‘o

V757 (B DOMRERER | BB ADSE TS 7 WAEEETE LI ETOMM, ZoBRIL, BEf
FTOHH] DOV —MIADSLA T 5,

Tt REEE DA FIVE(A80) [100%0 (R HEIS T 2 A LYot HBISNA T L A A LYo)ae 5 [N, ZDFRDIEE

I3, &7 e RAEEGHZOZ)HNE 7 A E x24 IR OBSEIZI T, 80%(E
FEMECEEETE 80% DRI BV CZOHELL By&2ZR35, FHE- FHEFN T
H AL SEMI E10 CTEFRZIIL TV VD,

T LEEERE OB ERICHE RS HET . 225 D A0 DEyIMETH D, T.
BRI o 735 B O A FAIEEERIZOW T, THhEMA O ERZ SO
&,
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FRESIVZA AVECIRED BE | FHEIME LD RN EAFHEIC, 2 COREIC
4T D,

D — N TRARDL Y | BUEREE 2 T INOD = — NN TR DL SR ST A—Z TR B BE
RO/NF AL TCHUEET BHRERE | J12H DT L, ZOMREIZ VXU T ND~ LT ayMERR S L7125, FaARI7:
FORTEH LT, LHANOBRA L M CEITEENETIZBWT, Y=— DR
VXL RT =B L ORI FTRE e A 2 QDT E, Bl E I T,
[l U7 N ET21 350 U 7 [ e SRS AT HEE 7057 L o B B ALER”
DYERIZFHHTED,

248nm AFyF—DAEFERE | 248nm A —L U T LT85 B ORARE B 4504720 0O 5 B SR ALERKER,
FEEBTZODT = —~EFE
)

193nm AFyF—DAEFERE | 193nm A% —E U T LT SAORRE B 54720 0 35 B S ALERRE
NERHT-0D DT =— ~EE

%)
VxRV AIEHDOR | YT OISO E DT 2 O A R H DR FARFRES HIE
KAFAEFEES(V/em) J71E1% SEMI E78%% E43 %518,

MEHRGES AT A

BRI G M ~ D BLR ST A DS N T 220224 5 OREIL, 300 mm w7 =—/ IO A
DI EHRIES AT DE AT D720 D EETRIFEN )70, 20 ABES AT A(AMHS)IE, @HO7 vt A
7T DA TOREER L CEEA L ST 2= 2E RN G, 007 G FAROT, Return on
Investment)Z_EF 7215 AU3725720 ), 300 mm SEEEEDLEE S HEDHINZ RO, THOT7 a7 ZAR—2
DAEMERTLESNRT TR, BYELEZ AT WIMAREEL . SHIC7 e R gE L HIEEE O S
EIL T RT DAN— RO RS BRSRT UTARB,

FRDSRIGAROD R T, APEHIRS AT AT DTN DI O4L, TS TINS5 AT 2
AR, EHSIEASIbOCEBRID S AL 7 M AT INCELD BT BB BD L DRI THE
ENTVD, ZHUTE, 1 DDYVAT LR 1 DD TTAYD | DOVAT L BIRTHOTIIRL £DVAT L
OV T TA Y (b BN AT NEFFOND BIRARE Y 7 AT WAL ZEbBY ., EI=A %1%
M7z FOEDIALBEL THEEMEREE AT 028000,

ZDIHRERBNT I N TRRIVR A FERATHT-ONT, FAVNVEA DA SRS, RSB O A e A T LSt 1§
BRI D ELREA O L DNV BE ST 2 E BREE LT, WIP 27V a— U 7T AT
TYVAT W RE M OPE DY AT BERR G T DILED DD, 5 AL MEEDOEIET T RO LB TH,

1. Z—/3—=7Ry by M<WIP @ 1%)EA5y by M) WIP 0 5%)

* SEMI E78: Electrostatic Compatibility — Guide to Assess and Control Electrostatic Discharge (ESD) and Electrostatic Attraction (ESA) for
Equipment.
3 SEMI E43: Guide for Measuring Static Charge on Objects and Surfaces.
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2. RV ZHEEIZ OV TR IFBEENRABIZ T 5 Z LA RAET D,

3. EEARRHAITR, ATY =— N, ZOMIAI T DT hDTZDIT XA L7 N LS E R A%
Do

LTI IAGES AT DORRRF AL, VY 2EE DR E R, B, JafHT, OISR TRV EEA 5
ZTUIRB720, IC A—HZ XD HEIL T2 U5k AT AOERIL, O THHTEASNAE PR AT T /WK
153 %,

A=y N B ITUAGERER ZAHE L 72 T AU 2720, BEICHES AT AT IO S MAIEME, iRk, 45
HRIEDELRIZISZ DIDNTERFISNARTIUT /B0, ZinfE, /ey M A R B W TIRES VA ELIFES L
PRT IR, [FRRIC, O BRMBHA\ NE7 a7 D AMHS #5335 KB L T eSSy
FUTTRB7R,

450mm (6 DRI DFRRDBRIAS AL, ) T BB ARMIDEZITIT, IRD 2., 3 FERERTHIZES L.,
2012 FEETITAREZRL O LU TR, FHlisiud AMHS (ZRE) 35, 1y b A R RS EOEMO RN —R 4~
IEEHliS DM EER B D, AMHS OFXFHIIT, ZEEUTEO Y = — Mk REEEE )Y AMHS(EFEM, Shared —
EFEM, &R DOFIFHIZH D) E DD LD ROZED B 2D,

Z DI AMHS ORRFHIEETHH D1 450mm TIHHOBE, L AT 7k, AMC 2B 28RF L T LD AL
— 7" NEDRAND DR M EREASR AL, X FAC4 2511,
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Table FAC5a Material Handling Systems Technology Requirements—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM : Pitch (nm) (contacted) 65 57 50 45 40 35 32 28 25
Wafer Diameter (mm) 300 300 300 300 300 450 450 450 450
Transport EEMTTR (minutes) per SEMI E10 10 10 10
Storage E-MTTR (minutes) per SEMI E10 20 20 20
Transport MMBF 15,000 | 25,000 | 25,000
Storage MCBF 60,000 | 60,000 | 60,000
Peak system throughput (40K WSPM)
Interbay transport (moves/hour) 2538 2626 2713 3074 3112
Intrabay transport (moves/hour)
] 277 288 300 ‘ 350 ‘ 365
— high throughput bay
Transport (moves/hour)—unified system 5512 5701 5891 6499 6579
Stocker cycle time (seconds) (100 bin capacity) 12 12 12 10 10
Average delivery time (minutes) 5 5 5 5 5
Peak delivery time (minutes) 12 12 12 10 10
Hot lot average delivery time (minutes) 4 3 3 2 2
AMHS lead time (weeks) 12 12 12 <8 <8
AMHS install time (weeks) 24 24 24
Downtime to extend system capacity when previously
15 15 15
planned (minutes)
Time required to integrate process tools to AMHS
15 12 12
(minutes per LP)

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are NOT known

Manufacturable solutions are known

Interim solutions are known
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Table FAC5h Material Handling Systems Technology Requirements—Long-term Years
Year of Production 2016 | 2017 2018 2019 2020 2021 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 13 11
Wafer Diameter (mm) 450 450 450 450 450 450 450

Transport EEMTTR (minutes) per SEMI E10

Storage E-MTTR (minutes) per SEMI E10

Transport MMBF

Storage MCBF

80,000 | 80,000 | 100,000 | 100,000 | 100,000 | 100,000 | 100,000

Peatl system throughput (40K WSPM)

Interbay transport (moves/hour)

Intrabay transport (moves/hour)

— high throughput bay

Transport (moves/hour)—unified system 7159 7241

Stocker cycle time (seconds) (100 bin capacity)

Average delivery time (minutes)

Peak delivery time (minutes)

Hot lot average delivery time (minutes)

AMHS lead time (weeks)

AMHS install time (weeks)

Downtime to extend system capacity when previously planned (minutes)

Time required to integrate process tools to AMHS (minutes per LP)

MERRGES AT M RO LD FRIED

HH

At

#% E-MTTR(SEMI E10 (2
L %5 M)

BB AMHS #505) D RSB TH 72 6D D I-RIRHE] B B lifE4
EIELZ N TEORERER BeT- 4 Z e N CEDIRREI TR A IH RSB D720 D
P fR S RIS 7 e AR BRI A S e S A T ADEN
1 IERH A & F2V W BT TR O S F HRER(RGERET ©
HY., AFHARECIEeY) 22 O S - BEO #FED Rk ¢
Eo7=H D,

HEFHESN YT T A RAFOMBEE B 2 3D, _AESAPHRES AT A
Zade, MDA 7 T AP, ZORIIZE F2 ), N 7Ry =
7 OHFEH AT AWpET L M —) X E e, (REDT-DD AMHS B orveg
MR Lo o IE SN e =T —1 35 F, =—RAR—hK, FOUP U7 <
HEPEFA T AT IN(MES: Manufacturing Execution System) L~/L(DY 777
ORI EER, LF I AT NI EER,
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I H

>~

At

4% E-MTTR(EL0 (28550
1)

BEEZRBEEI AMHS PRE) D BRSBTS A7 60 D I-HIRHE] B B fifes
EELZ N TCORREE i3 LN CEDIRRBI T SR A 1 IR S B 57D D
P Fe S RIS 7 e AR BRI 2 S e S AL T ADIEN
P IR B FR WA T2 T T OSSR O A FHRFM (AR ©
HY | BEF NIRRT A2 DOIIRINIZ L Z > 7o M as BEhE OB D[R T
£S5y NN

EFHESN CH T IA VIR OMIRE S 2 HiLD, PREB RO —RAR—REHE
FRIAFI TG 2T H gt e, AT, AL, Folxznom7—|28oTH|
S SN T I E F 2V, FOUP ¥+ U7 E721X MES L~ L DY 7 Ny =7
DORIEITEE R, LF IV AT MG ER,

i1 MMBF (R OO 255
ES )

NDIEIEZE 20O AT DHETO AMHS DA [~ PSR
o THTONT A7 V(A 55535 B SA~OWk), Hosn35cE 1 A—

THEAF O FHBSNSBERE T D, AR FERI DU TSy RE)
DEFEZID L,

LR MCBF (ffefis o -840
AZIV)

ADEPEZE 7201 AT D ETO AMHS (R EHEEHC LDEEA70
[BHEUA 505 B m~O#RE), VIS OIRE A 7 /U REGED A— T AT
DO FHIANEIE T D, (B A EBOFERIC OV T, A7V 2 A

LDEFEZHROZLE,

A HHRA(E D)

A RS AT ML U TONDR G IO DWWk P T D, AT
D 1 BIOHEET, BDAN T TDEBDAE — 27 )L ~DFEIIAI A%
FeAMY A TOR—E =T VIO FEIEAL ETOF YU T kL L TERS
o, WorBHUT, ARANCTHLMEHIERE 27 2(MCS: Material Control
System)IZ&L > THY U hELD,

A PRI

SAPHRES AT LS T TONDRHRH 7= DWWk e Ch D, ~~A Pk
ED 1 RIOHEL, 7—RAR—RMNE(ARy HOr—R R —R g E O —RR
—hDH, 2 >OEEEEE O T—RR—MEDOF I T kL L CERSND,
HEEE T, RANTHD MCS [ THY U REnD,

WAV AT MBI AL
MRS YD)

1 BIOWEELIT, 2 SOI—RR—NARy T, Pt RAEE | Ei2 i3 iEs 2T
LEOHEERA L DO TV T ik U CEFRS LD,

FEHRE T B HRESEE— R R — R~ DA Ry hO#RE T RIRF AL A &
ITAEELZRN L, AT LARL—T7 s NOWREIREI CE & 720, #osim &,
RANTIHDH MCS IZE>THY U REND,

AR TFA T NAEA D)
(100 {7 &)

AN I YPAT NAALL, IRANTED MCS DL D ETEL TOBAM N
5E TS ZRANIHL TTO ECORHEL TERSILD, YIERZ B EL,
R—NEIIRE G A~D AN B INEAR Y hO[EIE, VT OFEAIAI, &
NaHH1 OO —RIR—NEZIXFEIC AN A NORE AT ~DWED S R%ED,
AN TP AT NEA LT, FTE DA B U 125D D B2 D 5 A7 Dk D
WL TRESIND, ZOHEIL, T X TOu—RR—heT X TOMOLHT
Taite, SWeRT, B2 o v T ORITCR BTN A M) 5%, MCS D
BOEEREIL | L THEESNS,

SRR

MES 75D U 7 HE 6 DB R A 52T T U T DMt oD E O —
RIN—NZEFETHETORIETHD,

=7 HRosIRHE(97)

B RSN, PRSI C 2 i ORHEREE R LIZb DL L TES
NOE—IMEIEREL E 2 DD,
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I H

>~

At

o N O SR ]
(99

SEERERF O B RO L, Ry by MBS 2 BICEEIN L T E A%
SO E,

AMHS SUAEEARIGH)

FERE s A7 MM BAL CRIED R AL T D EAIOFEAEL N7 71
R 7 CITIoN D E COR AL ORI CTh D, F1EMD DS RE T
PRI ESN QDI EE RS T2, ZORWERIL, 77140
BTSN RE TR,

AMHS JE{H IR (E)

FARHIRE S AT DO BRI 7T A TR I DR AS IR
Bt DRSS ERMEZ AT B, ST _ETF S, 7 ERER 573 E 970D
TANPSE T T HE COBBENORGRRHE]CTH D, Frw T35 TS A
T LOEHIX U TRHED RN EE gl LT D, 77 U7 ¢, MCS, ZEiiE
DEFUTRNEDET S, £ 200m x80m T 15-20 DIV SADB[%5 20K
WSPM(Wafer Starts per Month)?D TG0 KES|ZHSHLOTHD, LT 7Ly
AT IETEFRN,

HANCFHHS NG E DT A
VARSI A A A R
(59)

FVF N OGO P CFHHN IR IAFIL QDG EITBW T, VAT AE
DI TR DEHEROHT N AN DR B C BRI DI % BT S 2k
Wess AT LD LR B DM BRI~ D T D,

HELEEZ AMHS 251
BTN E R (57—

HIEEE SR AMHS (2558 T A7 ORSES AT AOFE IS, HEEOEVIC
1T 2= NT72E L BRI E — 2 )L DA SED d ABIE I 2B\ B nEE

—h) MBS, FEEITIELSGRES IV, P22 O L AMHS (21 3f05
B G272V DOEET D, VAT AT, FEETARO/STLIL O BT =
—A(PIO: Parallel 1/O Interface) DFXEIZIUNTE LT L2V, ZORFHEIL,
BT HN—RU =7 O E, a—RR— DT 4 —F 27 VTN x2— D
BT, Wk T AN B A CND, ZORFHDKIR L, T X TOE—2Lh3%8L
W —RAR— ML CHEEEA ATREE 72 5 T2 R Tl D,

THATMHE 2T 2

THHAEMANER A7 \(FICS; Factory Information and Control System)D &%, 2> & a—F N—Ry =7 /7Ry
=7 BEEFATERESHRT AT A, TRV a—)0 7 @ LA AT AO KRS SO v Afili#EE 5 A
TUD, FICS I3, A8, THREM | SUELEE LS AT 2% 51 ITRS IZEo> Tl DWW DD HEERES Y
BHZFB\NT, FERIRA L T TANG I F 27 LEAA e rTReM 42,

HHRUGEI, FICS fRERRIZTRKAFEL T D, Run-to-Run(R2R)lfE, #F#A#RAI(FD: Fault Detection), #Zf#EX 5y
(FC: Fault Classification), &z} T-{I(FP: Fault Prediction), #5722 AHill{#I(SPC: Statistical Process Control)72&
Zaem 7 AHl#E A7 2 APC(Advanced Process Control)z #1457 &2 A Hillf#l 27 \(PCS: Process
Control Systems) &, JARUZI TP | FICS fRRIROIERIARL 22> TI T, MEEICHEE S PCS iR, 17
IVEA D SFAFHHUST EIRFHL, GHEL FHEISNY Do 2 A D708 OFRERL IR = — N AT T LNT — I ~)1
DHRRE R, S ET OB ABEN OUGEE AIREIZL TD, T — AL rLREBIIH T T 2 — LU
\7% R2R il T/ S —F /L A (virtual metrology)ZFIHL , BULEBICIRSFA XU NELTT — 2 RIEIZRD
HEHEL T, BT T v-CD 2 ha—/LaE DY 20— L0/ B AT Y o — USRI L L0 L
720, R2R HHBE NI, AN—T v BREFHED L7 T~ D/ 3T A—4 BEHEIZERIL T<5, &
FENEFD) S AT NI ALR T 2L WO DB R ER A AEE T — 2 TV 7 DAHI5T | R2R Hilf)
\CBF DR —F L AN UV AT DI AT THL UV EART 7 O H ChhBh kG325, BFEX 53 (FC) &tk
TAHEP)Z, BHITLARIE LD~ — RS ID FIHOFEREBIDEL 2> TS T r R AR O s B R O
IRFfIZ B 52823 T& D, SPCIFBUTORIFAZROMRGES 110 BEFSEII K> TkEMb 3 80T T D,
fhEEE L TIRERIE, ka7 B RS ORI PSR 2AARHE T 572D, FICS AV 7T AN I F 2Tk
T IV — 22 AKAFL Td, 2EEEAIRIEOREHL, Ve — N2 (Remote diagnostic) RE/J. FFRODEFED T
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RBIOEREY 77 AL D EE BRI UGEO A2 L O T EHMOEE B L OV HTIE, EEICHESIL
72 APC BE/JEAFIHT 5 FICS T AT AZX > THIBINDIEE S 7 A A Dt/ NRIZ T D2 EMTED, FICS 1,
APC, APEFATL AT IN(MES), 2EEMERENT %7 (EPT: Equipment Performance Tracking), T334y =—7/
T ARy T BLO AR 27 A(AMHS)D D /IR e b & te i T2, S AT AT T —2ay
DDLU, FEEA AN B RBRIC 3 RO BRI O RGEA (It 572 I ERSh, £LC, 777
\ZDTes T AV ST =—ABBINT 7V r—al b7 DOBHE$ DI HEOE A | HIER2KH > N —
I ORFHIB IOV LRIGF 512, AU L FICS, DT —2 T 27 AR I ONT —ZET /L O HILD
K FTREZR BESUHIREIRE I 2 > CRIRBIC /2%, B 72D T E N BLREND EHHIEAEDFRRIKIL, FDHR2R il
AT 2=V T[T A AT FDAAL T ZE B, R2R IO LH72MD S AT LD T8 DfERIRAEE=
ZEUTHIFISE FD, ZeiERERT 57 DICF SN2 L CEDOWHDOL AR THS FD, 712 4
DI INEN ANV D T A—Z BRI 2/ —F /L A aa H i, 728 2 5L Td,
WO EfE e kR, my M LN = — O i FHllE, T3mERNO A7V Z A AUGE~OEEIZET F
THEKI/LSTNWD, K@EWTay 7y 7 A KO/INS e[ B 7eay MrA X ey N7y 7 %R E T DR, L
TEETBIOMEESe S 1T, @~V OEER AL D> DA —T N BEEE R T D DI TR
SERIRFE L 1872295, TIE, <, AEpEMEA BRI L, 20 AREAEPESR S L OMESE S (hot) D s\ v hod AL pE
RFAMERF T 27012, PHILWIEESY T HOWNTIEA Y Ty I RAIZTIEL, ATV a— Ve T ARy
F LT P EET HAX — LEH L QR UT B0, A7V a— 07 DERIL, TERIRISSHIIRA Y o
—U T REI A RIREIC T2 TIRIRICHT=5 FICS 77V —arinbEb b T — 2 AW Gz AR,
UFERL T 27201 BRSNS, ZHUE, b7 L AMREEH, B, 7 v AR L O E D
JOTRIERH LA I HDHNE, D FICS 77V r—ar ~OfEdEi b a G ez et d 2, 27rva
— U T WNEHAD S F A RE T E L CTEIT T DI T VT AL TET 50, (25T, B —0HE)NT T A
HEENOBER AR T, FHE BAZ M2 AR5 _EDD ROERZ 5, 70— VL7l ¢, THEE0
AV a— Y T REREETRIE, TN/ NS )T 2z CEERET DZENATRETHD, ZDRhFIT, JOK
T TR, K0@ENA—T Yk A7V EA NEFEOHE L ThHibis,

I FICS VAT MEREESE, K0/ S7eny M AXBI ORI ZA N7 AT 4 ROBOT — 2 DRHERE A
LUV, FICS (&> TEBES 2T U7 b7 W R LT Ay — U BT — X Alnaihg |55,
PEEL, MRS e — & mE T TR AHHE(APC) T — 2 B L OEEMERET — 2 (v A7 e — | [T
NBIONREREG O LR ERRIEET 7 F 2 —F e G IV E DT — X2 BABINSE 5, FICS I, x5
T AEREERSC BN IEBIE, AR B L OMEIEDOEBISE A 9572 DITIRREA A L QORI U n7s
VN, HRS AT BOSHTR TR A, FICS &L, TV~ FOT —H/7 7V /r— a R E LT
11K, T —2/7 7V r—vaid, THEOR SR SE T, TIHGEAB IO VXA~ Lo E Bk
TENRIL CUEZRMERO I 2 MR ET DI DI KED T —F %7 4 NA) 75 5780 FICS fE1% TR
16325, EVRAL ALY T RNT 2T VAT NTFICS 7 7V r—2a ORI, 774~ 2 —V A MDD IE
W72 BlG T — 2R B SN RSB AR T 25, RRRIEAT Tl FA kDI DL~ L% IREIC T D EA (]
Z 1T SOAP/XML) DI b2 ZLRL TVD,

2D FICS BHFOZERRIL, 7 —2UEE, T — X MBS L OV VBB 8 O U EA~DIEL BT 5,
Kfrn—v 7T B ADWTEREE FERSNIMBRRO AL 27 = — AL, ICA—BBLFICS 771
YOI FEERF B L OTA N R ST D DAY MRERIEE 72D, FTLMEERT Vv AV~ =aT 77 F
U7 (agile manufacturing)& 7" 22 AHIfHID FE 5 7R — N DT D ICELREND, ZHHDOFT L MEREL B T5
I, IC A—HBLNFICS 37" T4 Y DO N Lo THEMELZRT U572, FEHEA~0 FICS #AD7-
HDY—R « XA LT AEHE TR N= FICS 77V — al IS T2l Z e ARG T D721, By e
& FICS OFEHAV DA TR 280 C, e T 20N D, ITRS 777 NERFDO T N—T1%, TIHERIZIED
T IV = a Rl AT LT 7V —a a B L, Dy OO OB WSS A TR, FAd DR ATk
TET DI DI TEEATOMEN DD, BN, EHEREILL 727 7V r— ab O TGRSO RHHUE, IC A
—NBLON T FA XN IIAG~ AR A b L0 BGESIVZRENZEEF T 52 & AlRBICL , LW T 7 U7
—ar B T TBEANT DI o SE T e kDT OIS KO ANARIT 2,
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FICS AL 7 TANTGIF %635 HOUAFHRIL, L AT AOBHES I UFHT 5, £ Hud, Afmy7e L
B AT DA FMEO R ERE, T U CHER T 7 r— a OO k> TSN D527 7 7 A
T ORI DS T D LEHMET HZE~DEUEIER T D, FEFEO FICS N ER (/7 My =7 B LUV N—R
U= T D)L, AL AN DT VT TR 5O G HEIS T2 7 2 A DERRRIZ G HE D T35 2
T IR PESR T 572D O )RR R A TR AL 72 AU R e b7, SRR, X A0 0 T 7 7L —
R, T AT LAORARIEE BT HZ LN FRETHY , B—R AT VAR LN ARETHD Y 7 =
T T IV —ay | BROBEETRIOZO DRI N—RT =T AT 7 TT A — V=T h=a Ea—
HAT DN TED TN 2T T TV r—a BEOT —Z_N— A& aEL TD,

P AN—X 2T 1L, 5lfeE TImERBLED DB E, TAN—BE T, LT, DY 7 =T
IR BI272 > TETND, ZD2~34ET, ICA—H T AN =X 2V T AR BRI I REAL , o
AN—FHIIZ L ST, FTHA LA MEEETENC, 8 HOEEEHFIEE A\ —X2)7 4T
IEELTEEDT, 2005 423 HIZISMIZES T, e A N —EF 2T 1 D7= OF|H lHe7e FE2 CE bL
7= AR =X 2 VT A HARTA L DNRESNT, TAN—t 2T DA 72 FEICEEL /- — R —AD
INFITIE S T NI TARTA L <D ERDFRER SN, TARTAAL, P AN—BER kT D7 D A
SNSRI BADNZL QD A= X2 )T 128 BRI Ok 2B 0 V7S a 725
LTCWAIEICED, 2O ST, FEENO MR PEIP: Intellectual Property)a frid 52 LICESTETCND, Y
RN, BITE, RN —7 LOEEEZEI — AT LT V=T T /=2l o T FICS A7
FANT I F 2 LU TRRAESIVTND, &L, IC A= BN T TA Y DM SO D IP %5 A TUWD, 1P f#
DOFERIT, AL~V CEHEZRMED) B DB C 3\ CRERZR T BZRICE K Tha,

7 FAC6a, b DT TRENDINT, THAFRHEIERL AT M AIRFORNIT, AT A VRS, IO R&E7
HEMAE N TWD, HRUTZ TIGOBMESIT, THAFHREIE 27 AOFAMIER~EL, 207212, H—0D
TV —ar ORI L > OIS 58 870 TIGH T 2 A DOFEEP D SEDLZEN, (IR EFE
(270D, HIZ, FipL AT WET —H =R AL AN VT DT T T —R T 5120 OFHR DX T 5 A 2
V%, TIGBSE~DREZ i N UIRT UL D720, SRR X, X ATy 0 7T T —R | T AT A
DIFEAIREA EAR T2 LN ATRETHY, AT o Z RS HZ LS A RE e, FEEERI D7D D Al
—RY =T AT LT T T H— V=R T b= B a—F L AT LN TELY T =7 7T 7V r—ar BLW
F B NR—= 2B AFELTVD, FICS fiRRFEAfI L, £72. V=— T A b, BB L OVEENZUGET BT D7
ATy NRREA RS DI AT — X E T D 2 LT R E Y TS,
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Table FAC6a Factory Information and Control Systems Technology Requirements—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM ¥ Pitch (nm)

65 57 50 45 40
(contacted) 35 32 28 25
Wafer Diameter (mm) 300 300 300 300 300 300 450 450 450

Availability of mission
critical applications (% | >99.99% | >99.99% | >99.99% >99.99% >99.99% >99.99% >99.995% | >99.995% | >99.995%

per year)

Downtime of mission

critical  applications | <53 min <53 min <53 min <53 min <35min <35min <26 min <26 min <26 min
(minutes per year)
Unscheduled
downtime of mission
<15 min <15 min <15 min <15 min <15 min <15 min <10 min <10 min <10 min
critical ~ applications
(minutes per year)
Scheduled ~ downtime
of mission critical
<40 min <40 min <40 min <40 min <20 min <20 min <15 min <15 min <15 min
applications ~ (minutes
per year)
MCS design to support
peak  number  of
14.7K 15K 15K 15K 15K 15K 15K 15K 15K
AMHS transport
moves (moves/hr)
Wafer-level (within-lot)
recipe / parameter Partial Partial Partial Yes Yes Yes Yes Yes Yes
adjustment
Within-wafer recipe / Partial Partial Partial Yes Yes
No No No Yes (Litho)
parameter adjustment (Litho) (Litho) (Litho) (Litho) (Litho)
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known |4
Manufacturable solutions are NOT known -
Table FAC6b Factory Information and Control Systems Technology Requirements—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM %: Pitch (nm) (contacted) 2 20 18 16 14 13 11
Wafer Diameter (mm) 450 450 450 450 450 450 450

Availability of mission critical applications

299.999% 299.999% 299.999% 299.999% 299.999% 299.999% 299.999%

(% per year)

Downtime of mission critical applications
<5 min <5 min <5 min <5 min <5 min

(minutes per year)
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Unscheduled downtime of mission critical

applications (minutes per year)

Scheduled downtime of mission critical

applications (minutes per year)
MCS design to support peak number of

15K 15K 15K 15K 15K 15K 15K
AMHS transport moves (moves/hr)
Wafer-level (within-lot) recipe / parameter

Yes Yes Yes Yes Yes Yes Yes
adjustment
Within-wafer recipe / parameter adjustment Yes (Litho) | Yes(Litho) | Yes(Litho) | Yes (Litho) | Yes (Litho) | Yes (Litho) Yes (Litho)

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known
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Table FAC7a Facilities Technology Requirements—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM %: Pitch (nm) (contacted) 65 57 50 45 40 35 32 28 25
Wafer Diameter (mm) 300 300 300 300 300 450 450 450 450

Manufacturing (cleanroom)

area/wafer starts per month 0.6 0.625 0.65 0.675 0.7
(mz/W SPM) (low mix only)
SubFab to Fab ratio (see
1 0.75 0.75 0.75 0.75
definition)
Facility service life (in three-year
3 3 3 3 3
nodes)
Class Class 7 Class 7
Facility cleanliness level (ISO | Class 6 Class 6 Class 6 Class 6 Class 7
6at at rest at rest at rest
14644) [1] atrest at rest at rest atrest atrest [2]
rest 2]
Facility cleanliness level
(Airborne molecular Discussed in Yield Enhancement Chapter
contamination AMC) - ppt
Facility critical vibration areas
6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25

(lithography, metrology, other)
(vCD) (vCD) | (VCD) (veD) (vCD) | (vcD) | (VCD) | (vCD) | (VCD)

(micrometers per second) [3]

Facility non-critical  vibration
50 50 50 50 50 50 50 50 50

(VCA) (VCA) | (VCA) (VCA) (VCA) | (VCA) | (VCA) | (VCA) | (VCA)

areas

(micrometers per second) [3]

Temperature  and ~ Humidity
Discussed in Yield Enhancement Chapter
Specifications
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Maximum allowable electrostatic
70 63 55 50 4 38
field on facility surfaces (V/cm)
Gas, water; chemical purity Discussed in Yield Enhancement Chapter
Factory construction time from
groundbreaking to first tool 12 1 1
move-in (months)
Production equipment install and
qualification cost as a % of capital 10% 9% 9% 8%
cost [4]
Facility power, water, and
Discussed in ESH Chapter
chemical consumption
Energy Consumption Total Fab
Support Sys[em (kI/Vh/crn2 per Discussed in ESH Chapter
wafer out)
Ratio of tool idle versus
processing energy consumption 0.75 0.75 0.60
(kWh)
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known  |4p
Manufacturable solutions are NOT known !
Table FAC7b Facilities Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022

DRAM ¥; Pitch (nm) (contacted) 22 20 18 16 14 13 11

Wafer Diameter (mm) 450 450 450 450 450 450 450

Manufacturing (cleanroom) area/wafer starts

per month (rn2/W SPM) (low mix only)

SubFab to Fab ratio (see definition)

Facility service life (in three-year nodes)

0.75 0.75 0.75 0.75 0.75 0.75 0.75

Facility cleanliness level (ISO 14644) [1]

Class 7 Class 7 Class 7 Class8at Class8at | Class8at Class8at

atrest[2] atrest[2] atrest[2] rest [2] rest [2] rest [2] rest [2]

Facility cleanliness level (Airborne molecular

contamination AMC) - ppt

Discussed in Yield Enhancement Chapter

Facility critical vibration areas
6.25 6.25 6.25 6.25 6.25 6.25 6.25
(lithography, metrology, other) (micrometers per
(veD) (veD) (veD) (veD) (veD) (veD) (veD)
second) [3]
Facility non-critical vibration areas 50 50 50 50 50 50 50
(micrometers per second) [3] (VCA) (VCA) (VCA) (VCA) (VCA) (VCA) (VCA)
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Temperature and Humidity Specifications

Discussed in Yield Enhancement Chapter

facility surfaces (V/cm)

Maximum allowable electrostatic field on

25

Gas, water; chemical purity

to first tool move-in (months)

Factory construction time from groundbreaking

costas a % of capital cost [4]

Production equipment install and qualification

Facility  power,  water,  and

consumption

chemical

Discussed in ESH Chapter

ﬂcWh/cm2 perwafer out)

Energy Consumption Total Fab Support System

Discussed in ESH Chapter

consumption (kWh)

Ratio of tool idle versus processing energy

Note: Facilities technology requires table make the following assumptions with respect to legends:

*

Current solutions provide cost effective trade off between facilities and equipment installation

Does not prevent manufacturing, but use of space is not optimized.

! Does not prevent manufacturing, but impact on space, time to manufacturing, and cost of ownership is not known.
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% ISO 14644-1.:  Cleanrooms and controlled environments, Part 1: Classification of air cleanliness
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7 IEST-RP-CC012.2: Considerations in Cleanroom Design.

8 SEMI E129: Guide to Assess and Control Electrostatic Charge in A Semiconductor Manufacturing Facility.

? SEMI E78: Electrostatic Compatibility — Guide to Assess and Control Electrostatic Discharge (ESD) and Electrostatic Attraction (ESA) for
Equipment.

10 SEMI E43: Guide for Measuring Static Charge on Objects and Surfaces
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2007 2010 2013 2016 2019 2022

| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm

I I

DECISION SUPPORT TOOLS FOR | |

OPERATIONAL IMPROVEMENT i i

Tools for understanding components of | |

cycle time and trade off between cycle

time and equipment utilization, hot lots
and new product introductions (NPI)

Multiple lots per carrier, small lots, single
wafer processing; equipment setup
reduction, speed, and agility solutions

Tools/algorithms/models for wafer release
(starts) policies, fab and capacity
management for high-mix environment

Tools/algorithms/models for forcasting
demand and capacity-demand integration
(main focus on fab)

Tools/algorithms/models for optimized
operator and technician staffing levels
and developing optimal training/cross-
training plans

Tools for determining optimum quantities
and timing of operations resources (such
as reticle and spares quantities) ; ; 7 ] ] | | | | |

Tools for determining optimal non-product|
wafer plans

Solutions to increase throughput, i
predictive PM, improved yield (Example: i
APC, proactive visualization), 300/450mm !
I
|
|
I

wafer challenges

Advanced data analysis tools including
data mining for factory operations
decision making

Integrated techniques for coordination
with supply chain management and
optimization (fab/sort/assy/test/
distribution)

EXECUTION TOOLS FOR
OPERATIONAL IMPROVEMENT
Real-time scheduling and dispatching

algorithms integrated with AMHS — must
consider operations resources, labor, _
non-product wafer, status of equipment

(PM) and factory

Planning systems integrated with real-
time supply chain management,
scheduling and dispatching systems for
high mix

Real-time optimization of operator and
technician activities

ANALYSIS OF THE IMPACT OF
MOVING FROM 300mm TO 450mm
New generation products to clean-room

size optimize factory energy consumption,
high

Development of manufacturing capability
for 450mm in a high mix environment

I Research Required [ Development Underway [____] Qualification/Pre-Production XY Continuous Improvement

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

Figure FAC2 Factory Operations Potential Solutions
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm

COST REDUCTION BY STANDARDS]
AND INTEROPERABILITY

Standard interfaces for wafer and carrier

e

operations, and equipment maintenance

UTILIZATION AND AVAILABILITY
IMPROVEMENT

Design out need for physical (wafer) qual,
conditioning, or setup requirements,

SR | N e
-

requirements and enabling setup time
reduction

Smarter embedded tool controllers,

precise wafer handling and particulate
control, elimination of dwell-time between

|

wafer handling moves, and increasing
processing rate (wafers/hr)

il of st s oy Y

parameters

Equipment designs to safely allow
processing and maintenance* activities

s defiton, maintenance i o efer AN

to both passive and active sustaining
activity.

capacty uparads at competiive foomt AA11IHHmM

and cost of ownership

RAMP-UP TIME REDUCTION

Implementation, proliferation, and further
standardization of installation adaptor
plate concept to most tool types

s

I Research Required I Development Underway [ Qualification/Pre-Production ESSXY Continuous Improvement

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

Figure FAC3 Production Equipment Potential Solutions
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2007 2010 2013 2016 2019 2022
‘ | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
BRK_M 172 Pitch 65nm 45nm 32nm 22nm 16nm 1lnm

MULTIPLE GENERATION
UPGRADEABILITY

Flexible equipment capable of running at
multiple process nodes and/or multiple
production lot sizes with minimal
changeover/setup time requirements

Common equipment base, frame, and
modules, modular equipment control
systems; development and
implementation of standardized reference
platforms

Development of single wafer, or mini-
batch equipment to replace batch*
operations

*Batch is defined as 100-150 wafers for
diffusion equipment and 50 wafers for wet
etch equipment

CARRIER LEVEL AND WAFER
LEVEL INTEGRATED FLOW AND
CONTROLS

Improved efficiency in abilities to
seamlessly cascade multiple recipes per
lot and per wafer

MORE ENERGY EFFICIENT
EQUIPMENT DESIGNS

"Sleep mode" capability to limit utilities
and power consumption during equipment]
idle periods, with no added "re-start" time
to equipment upon material processing

- s

HEEE Research Required

IE  Development Underway [——1 Qualification/Pre-Production

ESSS Continuous Improvement

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

Figure FAC3

Production Equipment Potential Solutions (continued)
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2007
|

2008 2009

2010
|

2011 2012

2013
|

2014

2015

2016
|

2017

2018

2019
|

2020

2021

2022

DRAM 1/2 Pitch

65nm

45nm

32nm

22nm

16nm

EASE OF IMPLEMENTATION/QUICK %
RAMPUP/MAINTENANCE !

Simple system component modules with
automated or zero field hardware
alignment and positioning

300mm

Easily extended transport system rail

Automated software configuration (HW
independent structure and parameter
setting)

Automated preventive/predictive
maintenance, calibration, fine tuning,
software upgrade (uninterrupted) and e-
Diagnostics

300mm 450

MATERIAL TRANSPORT SYSTEM
CONFIGURATIONS

Large scale, high throughput converyors
and next generation vehicles

MATERIAL HANDLING STORAGE
SYSTEM CONFIGURATIONS

Storage architecture solutions (450mm)

450mm INTERFACE STANDARDS
DEVELOPMENT
Interface standards development for

storage, transport, direct transport,
purging, carriers and equipment

I Resecarch Required [ Development Underway [ | Qualification/Pre-Production XY Continuous Improvement

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

Figure FAC4 Material Handling Potential Solutions
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm

IMPROVE FACTORY
EFFECTIVENESS

Cycle Time and Throughput

FICS to support material control
system that can provide transport,
buffering and storage

FICS that ensure no idle equip when
material available

Real-time scheduling and dispatch

FICS that support multiple recipes/lots
per carrier

Standards-based recipe download to
reduce the number of unique recipes,
increases traceability, and enhances
process control*

E-diagnostics to support automated
preventative/predictive maintenance,
calibration, fine tuning, software
upgrades for production and AMHS
equipment*

Highly Reliable, High Performance
Systems

Fault tolerant computer systems with
transparent fail-over with minimal to no
impact to system availability

Fault tolerant software with transparent
fail-over switching for failures with
minimal to no impact to system
availability i i i i i
| | | |

Networked solutions for control,
diagnostics and safety

Low Maintenance Systems

Software applications capable of
dynamic or hot upgrades with minimal
to no impact

Databases capable of dynamic or hot
upgrades with minimal to no impact

Automatic/dynamic AMHS software
(MCS) reconfiguration

1 1 1 1
Integration testing and volume testing ! ! | ! !
of overall factory systems (including
AMHS) through simulators or emulators|

Configurable Manufacturing Systems

Scalable system performance

Event-based service oriented
architectures for FICS that promote
reuse and support run-time integration
and configuration of applications and " T T T T
systems i i i i i
| | | | |
| | | | |

I Rescarch Required [ Development Underway [ | Qualification/Pre-Production SN Continuous Improvement

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

Figure FACS Factory Information and Control Systems Potential Solutions
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 11nm

IMPROVE FACTORY YIELD

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

Modular process control applications
with standards-based interfaces*

Standards-based data collection for
process control via EE interface*

Fault Detection and Classification (FDC)

Detailed unit-level traceability*

Configurable/downloadable FDC
libraries and models
Standards-based host-issued FDC - -
control commands to enable within-run
equipment control at various intervals* | | T T T
Automated fault classification and fault
prediction systems

Run-to-Run Process Control
Within-run standardized recipe/
parameter adjustment

Coordination of R2R control across
factory to e-test and yield targets

Module-level supervisory process
control

Integrated and Virtual Metrology
Standards-based recipe and
configuration selection/download for
integrated process/metrology ; ; T T

Virtual metrology augmentation for
wafer-to-wafer control

ACCOMMODATE PROCESS AND
PRODUCT COMPLEXITY

APC and factory scheduling to optimize
product changeover

Integrated FICS to facilitate data
searches and information correlation
on process and operational data ; " T ]

Integrated FICS to support cross-site
processing

FICS to support standard models for
material traceabiliby with direct and
indirect suppliers

Business-level software systems
integrated with FICS

INCREASING PURITY
REQUIREMENTS FOR PROCESS
AND MATERIAL

Improve systems to monitor and control
chemical, safety and environmental -
items

EQUIPMENT SECURITY

IP protection capabilities -
| | | | |

I Resecarch Required [ Development Underway [ | Qualification/Pre-Production XY Continuous Improvement

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

Figure FACS Factory Information and Control Systems Potential Solutions (continued)
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2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |

DRAM 1/2 Pitch

IMPROVE INTEGRATION

Develop a Design for Facility guideline
document and factory model
(standardized utility infrastructure)
construction from basebuild through tool
installation

Address factory tool density and subfab
space arrangements to improve layout fo
fab and subfab production equipment

Develop protocol for tool installation by

installation schedule and cost

IMPROVE COST CONTROL

Reporting on standardized utility

consumption for production equipment
resulting higher quality data (SEMI E-6)

i
ility construction, operation, reliability
nd equipment installation

evelop standard facility designs and
specifications that reduce unique custom
factory designs, allowing earlier design
packages for construction

IMPROVE FACILITY AND
PRODUCTION EQUIPMENT
INTERFACING

Develop adapter plate installation
guidelines using predictable/consistent
tool connection for utilities, drains,
exhaust, and interconnects

Optimize cleanroom air and exhaust
system requirements in relation to
temperature, humidity, and AMC
requirements of production equipment

Design production equipment to operate
within facility infrastructure systems

fit prod quipment footp
determine d by prime manuf g
( gn for Facilities and S| 51)

30° C)

Design tools for clean maintenance to
ensure isolation is maintained during

routine maintenance operations (Design
for Facilities)

Optimize single wafer processing with
respect to total facility impact (all
equipment utilities and production
equipment footprint)

re) to
improve integration for facility design and E300mm 450mm
I I I I
I I I I
I I I I
I I I I

generic types of tools and emphasize the

o' iy consructec and he ol | e oo

capabilities. Design support equipment to|
i i int

65nm 45nm 32nm 22nm 16nm 11nm

=

i

300r;1m ‘ | 450r;1m \\
30°T‘m : | 45"”7""I
|

B

300mm | | 450n}1m

o o i

300mm .450mm - ]
i i
I I I I I I

i

I Rescarch Required [ Development Underway [ | Qualification/Pre-Production S Continuous Improvement

ime during which research, development, and qualification/pre-production should be taking place for the solution.

Figure FAC6 Facilities Potential Solutions
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2007 2010 2013 2016 2019 2022

| 2008 2000 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm 1lnm

IMPROVE SCHEDULE EFFICIENCY

Develop flexible tool and factory interface
designs that allow installation, removal,
and reconfiguration of production
equipment over the life of the factory

Ensure early and accurate identification
of production equipment installation
demand requirements for basebuild

C uction (e.g., pressure, loads, flows,

IMPROVE RESPONSE TO
CHANGES IN ESH REQUIREMENTS

Develop power and water reduction/
recycle/reuse protocols in conjunction
with production equipment manufacturers
along with energy conservation and fab
sustainability concepts (Green Fab and |
SEMI S-23) |

P e

s Smm L

design and measurement incentives

Develop transition plan to higher

ctsencypovr et oscoon | [roonnlfl] s

: o

Transition from air to more efficient liquid ! 3 ;
n . . ) N

production equipment manufactures " N I :

: i

Develop tool capability to reduce energy/

utility consumption when not producing 300mm 450mm
wafers (e.g., tool sleep mode) ' ; ' |

| | |

Provide cost effective point of use and/or

factory wide abatement technologies 300m‘m. 450m‘m
I I I

Investigate ROI and incentives for
alternative power solutions (Green Fab)

300mm 450mm

I Rescarch Required [ Development Underway [ | Qualification/Pre-Production XY Continuous Improvement

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

Figure FAC6 Facilities Potential Solutions (continued)
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A= %Y PR S

T INIA LTI —ar OEMTERIT, T Z, S a R SR EHAL ESH, VY57 4 DU —X 7
N—T DEERIZE ST, EAESND, 70Ty NEE + 8 57012, DT —F 7 7 N —T L AG0a&
O CHWRA T B 27 A0 MRS BER AV AN Uz, ZAVE CTEUER], SEE RS CTE 2D
DRIy N E, 2007 42 FEP, Lithography, ESH, Metrology, AN DEWGET 77N AT/ L—a
ANZBWTHFEI Ch-7-318A3, LLFDF FACS IZREESIV TS, 777 NA T 7L —Taid, 2007 4FLL
Bl DR T D20 EET A MOBERFEE RIS UGS D, (450mm (DZ7 A S MR D~ —
DA 7= A QYY)

Table FACS Crosscut Issues Relating to Factory Integration
Crosscut Area Factory integration related key challenges
Front end Process (FEP) Wafer edge exclusion was changed from 1.5 mm to 2 mm for near-term years since no feasible solution exists.

Factory and FEP teams will continue to work on AMC requirements.
‘Working with FEP on what process equipments are suitable for equipment sleep mode for energy conservation.

Lithography Continuing to understand EUVL (power, consumables) requirements from Factory Integration perspective;

Fast reticle change; reticle storage issues and reticle buffering due to small lots;

Need to coordinate yield inputs on temperature and humidity requirements (particularly temperature variation inside the
tools);

AMC relative to the reticle and tighter process control needs.

Lithography DFM needs.

ESH Primary focus is on energy and resource conservation.

Co-sharing of metrics for energy and resource sharing need to be in-sync.
Ergonomics, tool design, chemical consumption concerns;

AMC and particulate levels to be maintained;

Regulations;

ESH chemical abatement analysis needed.

Metrology Industry wide wafer map coordinate standards are needed.
Comprehensive metrology roadmap to be jointly defined.
AMC, temperature, and humidity control will also be a crosscut issue

Yield Enhancement Maintain temperature control at the lithography and metrology area.

Propose to relaxation of the control on absolute humidity (energy savings).

Factory Integration  to work with the Yield team on specifying particle and AMC targets for equipment, AMHS, and
FOUP.

Yield will provide Factory Integration information on gas and chemical process control.

7urhx R 7 a2 A(FEP: FRONT END PROCESS)

7ars bR aAOu— Ry 73, S EOHET e MOS F7 P A (MOSFETs)X° DRAM OB &, [Flkk
27Ty 2Rtk R RAM(FERAM) T /S A AREE| Z B3 2 RRkD 7 mt AT ER-SOMRR R A -7 - —H
ALTWD, 777 NAT T —2ar® WG E7ar bR et A WG CHaso BRI, WEIIC B
DEIRNY == Ty ViRE 450mm 7 = — N ~OPRER TH D, BT RAF DD DIEER) —7F—R N 7m A
T MDA THY | 1.5mm DV =— Ty P OPERRAEEE S V= Btk SOl BRIz &> TRIIFZRIEFIZRE
PRSRREE T D, 7ur b R 7 a1, AMC ([ZOWTOESRA M- 7 73 VT COW TS 7 77N AT
Tl—ar ERHRIT BT LR H D,

U574

VT 57 41%, 75— =7 OERIR U 2 W THEOYERIS ) D b 2 N EEEZ > CD, Fi2, Fo
TeSBTLWR AN AN A T CFEET D2 D OBR BT Td, 777 NA T 7L —2a 438
(2B 2 EEZ BRI L, EUVL OB /e DTS I0KDA L 7T DR Th D, F1o, V757 145
(272095 APC B O EE KREZRFRETHD (B Z1E, A— =L ARy T7 FATKT DI
BETHD) , ZOMOFEEL T, DFM(Design for Manufacturing)CXEENOIREELE), LT 27 /WZxtd 5
AMC 1590382,
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BRiE, %4, (#FE(ESH: ENVIRONMENTAL, SAFETY AND HEALTH)

ESH [ 35E8A THORRGH B L ONERIC W CIERICHE R R Z - TD, T HERY IO BRI 31T 50
HIRET, B R B IO 2 ERICRFVICAET 5 T%E 5 ECREEER AL /I 72D,
LRLERERMICALUE LT3 G A R T2 L13, WA B H B L OGEZBE T 7230, ESH 236D ERIC)6E
AU T8 BN BT A7-012, WETHD,

HEEA—TL, 2= ARA N CBRERIREIEE DR A EE 4 DT, LLRDH, EORER, B T (Sub Fab,;
WEBLOT 7 VT 3R E ST CORfm B i 38 L<HER LTz, 18- T, Ravaphiafaas L <, rE
EFERIRO BN R U CE 2 S T (Sub Fab.)721 T72< P F(Sub Fab.) &F¥ E(Fab.) D 7 ISR ANLD R
W2 T AL % T 2B THD,

[FRD TR I T DAk R 24k ) EE A TSI U7 AU E e by, HB S-S E L CREZ D fakR
YRT ~OREETREND NEEE B IO D T2 DL D72V EFESR A ARG DIEHED FERAEL , ZOREHET,
HEYLS AT LEA L HT 2= R LDIEE, BIOVEDALH 72— A B W ThiE IS,

PEMRFEFUT, FTETHRL CODEREE EOHIFRICEEL TWD, Skt /KRE I DA A 1S572012, 1
GRS ZHIA AR L CVD, EIRTEE A INZL, BRIHZ RIS T 5 T350OEED B Ch D, Btk I
BELMEIOTRHE B GEO L ~UZE & T A0ERGD,

BT FNVRIIMETHD, BT ET DB TR O KA THD, Ul I > TR LA
& = NRE T AU DM RGO IR E A 105 CUVD, SFEND, 777N AT L—ark ESH O
F—AFE =X (FIZIE, EEAR)—TF—R) [ZOWTC, —fHiG@E i 5,

ESH 7' I AZkT HZLOEMEIEEA =N — 5T, MEDOVY —A R AN arZ 5O E
PR B L2 D, EROT-OIZ, FEFUZ L > THESLS N RIREHENC LY . ESH DO ERRAWERE LI L OGREH B
TLKT 0T T LD KR UEE FREL T DL TED, HEERRGT, AT T A, BB Z 46517 2 ESHAR
HEDREIA . ESH PEREZR D NZaAMIBAL TERARMES R A G267, KVAHIPHIC B EHIL, ESH:
Environmental, Safety and Health DFEASHS7Z0,

H B4 & #(YIELD MANAGEMENT)

BT AR PRI AT A Z LIZ I AN LU E VAV A5 L3 &5, LA ET v
| TEEERY R MEREA BRI L, PERE - ARV OB RN Z DWW T O —NIZ LT ENTED,  FEriye
BEANTA—=EO7 7 BT v AGIEBI I CEE DV TE T /UICED | BEINLA S Tho 7 G HIE
EBLOE=AT 2 — OEMEAIN CTED, EPET AL CORMRE~DIRGFEEIRS T 72DI21E, 7 et
INTA=BOANTYF OFFRHHB IO e AR O A THEL DT ZEbIEFICEE ThHD,  Fio, FlF
W Co T, S AR b B O EEER R LSOO FE A o T2 SIS A 235
T2 DR 2 T7 AL DR TEDHIDNNT, THET MW RSB DIERA TN RIS CTE72 T
AUT72B700, IRESREOTREA LI AMC OFINEREGDOETT7 7/ NAL T T —ar ERRET —X% 7
TN—T L THED TS,

HERVE B A7 IN(YMS; Yield Management System)l $Z45727 — 4 —ZNHDREHIZT 7B AL | ZDIFHRD
FABIZ DN CEDIDITBIES V2T UR2 D720y, YMS (3B AT IS\ T — 2 T —~v o
FNTAEL DT T FA Y DO FHAZEE DO BREE T THREIL 2K TIIRB70, YMS DIV ERI S mI OV T
IZ Yield Enhancement D &4 SRS 1720,

#HEI(METROLOGY)

FHA AT A, BN T LD T m e Al RO, ERER OMITHENCE DDA T T A TR 5,
(2T 570 THEHAE AT LEFERITHEIIVRTIUT R0, JET —2E, FE T T4 (A2
2T == NPDY = — TR, 7'a—77 AR MNLTC, f&T ARDFIFAIZ B LN, FEL LD R E
THESND, ZOTF —ZDIEWb) 1L, 2EEEHFRER R L OEPES. T Ra oMb 272012, THE
FBAAEH% CELIRY VRS CRILT RETH D, T —F &L T —FHREAL —RII K O ke 7 a2 L
(ZEOFREBANTIINL S50 T, ZNBDT =2 & 51213, L (V=— T8, 7m—7 R, %) %

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



TrINIAT T —ar 41

N DT — S IREOBEGEEAABIN T T D, 300 mm 35T, @S I 27 = — A% FEBIT
DTN, Kifpa b B a— U D5 HAEERE A T AL AEE DDV NIHE GV T AL ZEE D PRI A FI TRY;
LTLAEAD, 300 mm D7 RIEED L, A7 NVEA LT == NEDEEE ST X AT 572012,
IM(Integrated Measurement)fiE2 4956 Db TLHTHAD, 777/ NALT 7L —ar WG EGHIIWG 1351
X VM (Virtual Metrology) & IM D ZRARFHZEWART p, F72, 1] TWG 1LY m—/ N~ 7 D SE S AEAED I,
BEIPEA TR CUD, IM (ZEE T2 ANT, TR0 A a2 Ehiidks TV ORFREY T AEHD
72 TUFARB720, FHINE DUV TOREAIRFLRIZ DU TIE, Metrology DEASRSALZV Y,

FER BRI EORIESTATIC CHARGE AND ELECTROMAGNETIC INTERFERENCE CONTROL)

FREERD R RBI T EREFEDOH WP D R TR AR B2, KL T 3 SORMEE 5 [EEZ 7

1. H55| FI(ESA: electrostatic attracted)ELIRT5 Y43 A A XDV NSARDITFE TR L, KIGEFED FIRE K
EETETHLODDIZL TS, BIFE~ A7 ORI R E FESE RN T D7D ANHI TS
VIV CRERERLRNEINC2 DL | ZOFERBIINZL D~ AT ~DFMHEIL, —TEaA e RiEs 705,

2. HHESNE(ESD: electrostatic discharge)lL T/ NAARLIRI AV X A—2% MF T, T 7S AHEOIRM LI
FO/PENTZ L TT RARRT AT DR T HZEAERL TVD, 7 A ZADEMERE ORI T~ LD
ESD {REEMEDRIUTZEL , ESD ¥ A= ~DT A AEEZPENISE 5,

3. MEEIL, ESD (2R3 7= Bl 7E(EMI: electromagnetic interference)lZd:-~>C OEE 2MK F9°5, %&&N CPU
B EAE — R3] L9210, RRENEDSEELIEINL TETUD,

ZBD 3 DOREITH R 2— L F 7V D8GE, U x— N, 7= 7 AT T AND BB D
B CHAET 2,

HESHIBNTINA T, BRI EEMD(EFICRAL TlE SEMI E33 %R 28 RAER O L0, oo
R, HE T — e & ORGSO % 22RTED IR L7022, HHERBRETD EMI J840I32< | ESD, £
B, BRI VX, S, 720 DO BRI CH D, BTN i BUB sk m O Ok, Bk, 7
— AR, R R e dh EMI A B LS E 5,

Wb 23T, ECRAL7- 22T, BXIUTRER FE0 T 572018 — A7 o B AE IR 5D T, FrZEF
HEEE TRV LD, HE-T, EMI OBIG, W2 BIOSANMIED & FIE TR 2 i fBRko 7 vt
AEIROEAN SN TEES DT LIV EI 2D, BUED EMI (T Fa— I RSN TRBS T, €0
G O EMI ORI SO X, Rk ERE RN 2 ik m—
PSR~V THART LB 8D, U =/ O ERCRRRIC 31T D EMI ORAD A HIILIED 372012, K
D EFER7RFIER 72 IO — VDS BEE S U TND,

TIRALZT = — ANEHE, B

THET, IERE O EAN B S, 2 TOBNEIFRERHI-HINDHEXIT, b 1A E T 5, FEETeiEnE
ZOEBIE BN T ANTHZ ST FHIRINIC T35 A7 MMIHEL AR AN T VAL > TV ZED
TEL TR\ BB HILNTED, FHAIZERL Ao CEIK B3, FHZTHND IR L AT ARDA 4
7 2 — AEEREA T H LI Lo T, BRITEIINT 2 T3ROS 2 T DRE IS LD,

300 mm L34 BH59 IC A— D08 @EA— D D7 a—r Vi B RN XD FEs AL C I A 27 =
— AR TEF AT DI LN TEI, ZAUTED, PR T BRI 2 e N L, 7" ABRFs D= A
N VR ZP 3 B TR REEL O T EEbI2, THOEMES ARG 2018172, Balf, 777N AV
T —2ar DY T F =L THL7 7 VT4, SEEEARLUGED T O DT X T HIAZ A H— R EFT DT
HOF—2% SEMI &I w747 LT,

1" SEMI E33-94 - Specification for Semiconductor Manufacturing Facility Electromagnetic Compatibility.
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TZ7INIA T TV —ary 73— ALY T

5 SDOW T F— AZIESTHREILAMOFEANT WG LD raAhy NEENZ LA RENINZ T 7727 N AT/
—ar T — NI RN AN B BN D B e BN F I DUV COMRFRIE I L 7=, AECIXLL
T D350 I EE L FHFEIE OV TEDFEZ IR~ D Tdh D, FDOHEA T HEIEL;

(1) K575, Q)REBIZ2AEFEIREN O AT L, (3) B/, (4) KA 300mm(300Prime)E: 450mmm 7
T \DKARE~DBAT, ThD,

KH 5544 AMC: AIRBORNE MOLECULAR CONTAMINATION)

AMC [Z(EFIT OV TIE SEMI AZ A —R F21 ZBRFA 2 Y) 2, S8R0 filds T CéhD FEOL(Front End
of Line) & ) BEOL(Back End of Line)Di 5 CEELSALDMEEN DD, ZDIH7RIFYAEFRO FENil T, TR T
AT 20, HDONIFFEED T 0B ATEIET DML, 7 BRAEKILL CEEEL ~LE e 5 _RETH D,
BV EO TGS IV TOND Y = — NHYEREEL ~ VN BET 2 RITIZ LA PSR BREEH YL~ L D%
HRHERES QD

*AMC |37V b — LB, DT A — U ABEE CIEH DTSN AR ETHD

« KI5 TI5%4(SMC: Surface Molecular Contamination)lZ, BT = — DO FH CEHRSNHRETHD
FEFHZN RO 8D AMC il B0 IA /T THRRFHIIEL, AMC OJFREIFE, fEFE, © o — RO R
FERRIZEDET, ZLORMRFEEDIREINDLEN DD, 2005 F-0O7 77 NA T 7L —ar BT T —
NARV T 2mg N TIANT AL LTFINNFRXITIZDOWTDOERE RN, 777 NAT 7L —2a0T
1%, AMC HIENIAE E0IZEBA RN HHO T, ZHUTNZ THEEL ~LE FOUP L)L ETO AMC 2B
THERDAMCSNDRETHLHEZEZ TD,

AMC HHENZ b BARAY R Y 2= g AT DWW TR, AR AT Y — L BTV 7 SRR 2l — gtk
S TCRHIID 2 SHRETHD,

REENYAE EETEE)(D W4 K(PROACTIVE VISUALIZATION)

TN AA=IN TR A DT T D PG PEL T O 7154 fx \Z2 b3 DR ELRITRIG T 27212, £
PEL TS > THILS D UED DD, SoC RLEITRAE = — A ~DOIEHR R FR KD HI 2 M7 ]
THY, ZOTDIZAPE FORREEFREANEL T D, REBIRZRAEPEEEID A ke 1T, S FoREEERE
TEA—FER oL FHEED i B A > TN CIECT 28 Th D, X FACT 13 TEEN O ATt LiEiEL
ZOMABHRAAREHNTRLIZb D ThD, FIXOREET THHE A OEEEO AR5 | BEERIZRE TSNS
RETHD,

REBIAZ2 AL FETE BN AT LD S O D DO BB TITANIND B D, MEIETAL 8DV T L S S B IR
RV, IETERIZ R —RA 7 O BRI G AT LN B EN TS, T THY Y — 2Bl TR,
fn(PYNELRD 3 DOBLRIZIR> TT L —I X T ENHNETHD, L)Y —ABURE TEMRBLRIL 4%
TIZHD R EAEFEOE VAAET VT, LHAEERORRILE . 2AND F IMEICHWOILTE T, LA L7
DASEEL (s MBS TEOE T A 7 V2 A DI AT OBLED DD TND, iRt & ERE T, b
D 3 DOBLENHD THEPEMD I IACS DI TIHEES N D ETH D, DR DRIy M A
(AR, 777 DREINE, IR vy MeAR O OBLR OGRS VD LB D,

SoC BUED IRV pry MFARIE, V== D RABAbOBERLE | FAIDZROIRED O HreREBITHE N T
WKEBZLIVTND, ITRS D —R=y 7 TIEEEET ANV ZA DZDOWTDI U RE, A —F =P A ZXLZD
FERTEEIMEHN TELY =— " DRER AR TEALSNOVED DD, ZNHDERIN VR aRB 57
ONZT 7T NAL T 7= a BAELREIT 2007 R D/ N M AXTOY A7 V2 A D TR T,
1 ~AZJEOY AT INAEA LIEREO EFRIEDY | (RFey A X0/ NI RIZY 7 LT il T
EEZHIND,

2 SEMI F21-1102 - Classification of Airborne Molecular Contaminant Levels in Clean Environments.
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HERILEIZ O DI TODEEE T, 4 OEEEOEEIRENC I\ T, FE S ROBREIFEN W) TH
IEFNHEHE LD DI 2> TND, TEEHSEED B MG RIXIEE Y T T A Y T A AA— D DM IFIZE > TRE2F]
REE72 5 QD FEEOTEINILL FIRT 3 DO T ARG 2 G i 52 L3 T D,

I ToBAEMEERTD

2. ZEEOPEWEREA HIEH9 215 H)

3. IEEOMHES D NIV T AT ADOIEH)

4 H T EEROR HEOTEEI RO T —2 T, EPER LT AR L TSN TS, 2O T
DFEEILS £ TR A EE DRIG5> THL T, o 3 BEEOIGEINEHESIL T e R I TEED
e EHERD T OIS A ES T VL,

Selete/JEITA & ISMI 233 [RLCBA¥EL 72 EEC AR T4 212002 4F)°Cld 7 e A4 T O M EA LD 72012
LEENHEOND ESE SR IEE T =T T — RN SN EEE S T T A & T A ZA— T DI ZED
BECTHHIEZTRLTUND,

FRLI= T a R A FATES O SWEHERDOPBEERIX v~ 7 1L, 22 TN A IERORIEZ 17 Xt EEAR A
DOEPEMZ FHHIETHD HZ LN TED AIREMEN G D, ZEE B O FERGEDOZ T BIG | ZEE IR E)
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