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4-2-1 450mm 7N
4-2-1-1 HE
ITRS2008 4 update i Tl 7=/ KARLIZ DN TWOL O RS LD,

S SR B R R R S T L 72 IR 200mm 705 300 mm ~DFA THALE =, ZD IO 7 E
3, FES AN IS PREAAIL IR LT, ZOERICED K EAFERIGE FE LT,
T N RU T BRI DD AT =TV Si 7 FERE SR A it 3 HIG LA 3 N Tl
BOORREW X T2, MELEIIND 2012 FR K ARLA ERL T DA Y 2 — VD EFUIH Y L T
AV

WEA DORGA DORFRRDL 450mm (KIZE DINTFET D0NT FRITE 2208, BiREAT, “2012 482>
Bz RREALT 450mm” D2 BTGV TURN, 727210, $Ril3758912, 2012 F1 T KA PER A
TIE72<, 450mm Ay S TA L DR HFTHD, EEHIE, 7 AL L T A2y kT A TD
IRREZ B ET DL, 2008 213, 450mm {b~D BARBIIROAH A DEEDLZAIL 7 L7105, FIFE, 450mm AT =
TININCRY T 2 NS DNRED | 2o H—IRIZE DT =/~ Tl A3, 450mm U=/ b AT RE/ R o7,
IBIC, TR Y 2 BUEOimEb I E o7, 2012 FFICAIT TR Y 2 — M Ziho T, 20
FUTBELTIE, ITRS OFERHIE S A TR,

BFBREE DO ZALEITHINC, B AR RIS 450mm (LA HEHIL -8 FiEZ s, MR8 1Tl 278,
roadmap EIXEE/2 DD TIZTIXFRIT LR, AL DOSIGNDAR T A UTE L | UK T Dkk~
IRNESEDHDE R SEMI =2 — A ITHESTUND,

4-2-1-2  450mm KA LA Y a—v
450mm LAY 22—, —fREY72 roadmap &L T ITRS & EAKH)72 ISMI BAZE FHEI 2385,

ITRS®D 450mmAr Y a—/L
PIHISIEHEL QWD ZETHDHM, ITRS AY—T 427 ~<T VT /LG, 450mm {b23 2012 FENDHERST

WHZEIZDOWT, FEETAZENDHD,
F97, 450mm 7 = O FEBHFE roadmap T H7A3, Figure FEP2 Starting Materials Potential Solutions Tl
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2016 FFLARE : SV LGRS
L72oTHY, 2009 FTHITEELED DRI EFSITEATL . DBV = OMHGDMAELDIL 2012 Fi2725,
300mm 7> 450mm ~DOAKGEI72 T 2016 FELUEEZAREL TVD, ZDZ 1L, ORTC D

2011 FET: V= R REA=300mm

2012 2016 -: 7 = R KIEAE=300mm &H 5V T 450mm

2016 FELARE : ¥ = KIEAE=450mm
E—FL T%, ITRS Tl Z DS THEDILDY =D BAELETHY ., 2016 4ELLES 300mmiEFHEY =
NELTHEDNFIT AT EIETHARY, 450mmY =N L, 2mm =y PR EZEL CTh, A 2hiEfE
1562cm’$%, T 7 A X% 140mm’ LT 58 1115 Fv 7 /72 2785, TEGDOIEH, ZBOT=L—T
IEAE FVATRS Tl 60%) % RAAALTYH, 1—2 1y NA TI0kTF v 71 H DAFEE /2D, ZHUHS 2012 R RO
ITRSATE T A, ED%, 201400 24FEENT TRET AL DINED ERDHEND D3 %R T HISMID T F1
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FThH%, 2016 FFEODIARFKAIZL 450mmiF 725,

Production Ramp-Up Model and Technology Cycle Timing

100M
Development Production 200K
10M =
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5 £

% M r %

T4 . Alpha | Beta | Production &

o Tool | Tool Tool =

£ o

; First Two £

\ Companies 2

1K Reaching =

4 Production 12
1 [l [l
24 -12 0 12 24
\ Months /
2007 2010 2013 2016 2019 2022
2008 2008 | 2011 2012 | 2014 2015 | 2017 2018 2020 2021
ifch stﬁn Aonm S2nm Z2nm 1& 'l:
i i i | i ] | i i | i i |
ITRS 2008 450 mm ,//////////M \\\\\\\\ \\\\\\\\\ \\\q ;
YI—NBKEE [ s00mm | 450 mm | i
| y y | . | | . . | y y | y y |
M Research Required [ Development Underway [ | QualificationsPre-Production [S°% Continuous Improvement
This legend indicates the time during which research, development, and gualification/pre-production should be taking place for the solution.

XZ 4-1 2012 4FRi#% D 450mm BA¥E roadmap, 450mm 7= ~Ti&, L[X|(Production Ramp-UP Model and
Technology Cycle Timing)?D /Ll Al X~ F 7 L7V, ZEHH#0D 10K Parts(F~")/Month 73 2012 40 B
FEC, ZAUTE DR THEERREY = BRI ThiD, TD%OEMENLD EX0IE, ORTC(_EX)LD AL —
T T =T IT I FRYD FD3ip-<HL TS,

ISMI®D 450mmEtHE

Development & Technology Intercept Targets

for 450mm

| |
Early 450mm Equipment
Development target

Early development of
Silicon & Equip. test beds,
interoperability and
Automation standards

INTERNATIONAL SEMATECH

MANUFACTURING INITIATIVE

and metfro tools

Consortium Program

development.
Test Wafer  Equipment Demonstrations Equipment CIP
Generation
T T
450mm Test Wafer Generation and Productivity enhancements + upgrading
Alpha/Beta Tool demonstrations, plus 0 new node
Automation standards Verification. Tools
do not support full-flow in the Consortia 'I_'arget for IC-Maker Pilot- IC make_r target for initial
Demonstration. Unit process capable lines Tools production ramp up
A full (flow) set of post Beta production
capable process and metro tools &
Automation systems capable of meeting the
technology node targets.
o 1 | oo 1
Technology 32nm Metal1 half-pitch 22nm Metal1 half-pitch
Synchronization —*
points capable tools capable tools
L
2008 2009 2010 2011 2012 2013 2014 2015

Note: Detailed technology goals will be defined by individual company business requirements
[1]: Reference is DRAM stagger-contacted Metal 1 half-pitch in nanometers

% 4-2 ISMI @ 450mm 7, ISMI 0 web 75 AF- I HE,
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2012 HD 450mm /XAy 87 A B Z Iy LT DO, Intel, Samsung, TSMC Th5, ISMI 1%,
D 3 4E BT, Intel ZF0E LT, 450mm a5 AEHELED TUVD, 2008 4F 12 A O ISMI A% AR
— T N—=T 47T, 450mm LD FELWEFHEN ARSI,

ZOHFT, ELOFEZRFHEIAGNI /R 5T,
2008 4=
Phase 1 — U —iEIZLDT =N
BB ES T R T = R UL TR L ORI B O Bl s & 48 5%
2009 4=
Phase 2A,2B — HBiffaT =/, FEARAIZRY = Gl &~ TR
2A— HERT 2B NFL, AR WE (=T 4 2NV )3T
B R T = E T R AR O T OICE LT
2B — XA T2 2 NE U L2 = e A T U B AR O feRs
Phase 3 — WB(b7 = ~DILBEIp 2 —=
Fe iz S —= 7 LTV BRI E A B L, MEE T D NTELNT

4-2-1-3  450mm V= DIEHE(L,

ORTC D EERMED EFR K TIL, ZEFERLED 3 4H1, 450mm DFEIZIX, 2009 T VT 7——)b
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T2/ NTHY, Z DA IEE BRI > RO DV ER DD, AT =TI RY 72N, ISMI
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BRSO TS, ST 24910, THEEY 2008 AR LA DT, Lo s —IETIERLTZ
450mm ZifEELT = NSRSV CUVD, IRD AT 7 Thhn 7 e AR Y = R OfiED 2008 4 12
AOvIar xS inbihEoT-,

A= TININARY T TN

450mm ZEEBIFEITL TIE, 450mm ¥ e RS, ZORIITEER/TA—FTh D, 450mm HD%E
ERIFRIL. T DN R TSR =/ AT — % 300mm FEENOART— VT T AHIETRIALT
DI ELH AL, BEEFRRET LT U e b WEELH A0, WL T, 450mm VN
WDV EEL72%, FOUP 07 = \3585E AMHS(H 8tk A7 2)+FOUP DA X —7 = —A(R—K
R—R)E. 450mm JEEOISHEHFE THY, 450mm TIHHFFDOR—RTH 725, Z2ThHY = BRI A
INTA—=HTHD, ZDOIIIRFIENS, AD=TI NN R 7T e NS SATL QRO DL ER DD, —ik
W, SEFIRRE T, B R LT D0/ T A= 72 ENE G Eo TOORI LT DAL ATRID I,
WO A RO TR LA ARG T 25 B D305, 450mm AT =T )N R 7T e BRI,
450mm ¥ = NGB TGN S TRO TND DT, REIDE 3 D385 La A CHEENHED BTz, T
F&1d SEMI CHIlESIL TS, 2007 47 H DI = ANTHEGRAED ., [FIFE 12 A DBIZ Ux /3y
THIFE RO BEED KGRI, 2008 4 1 AITHREL , 4 AIZRAHEZEST A NI T dagam M i, 7
AOEIa0 = ANTRAFEBRLBUE DSR2, REI T R oWkl 37 < WO O BRI SO 5%
RO BT L. 1 BB ETHAS ISR AZLT,
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SEMI M74-1108 EL£R 450mmAL =H/N N RYL T EEE Y oD%
Z® SEMI ##&D HH) —— 450mm V= Fx V7T m—R7N—hk AMHS &Ry MRED 450mm
HEERIEE ORFSE, BI%E, OIRRGHRRFHI Y Z L2 BKL QD e ARSI 2 5 5B & FF
ST 2N E OHAFE RO HZEITERL TR, TR AR HT AT = MERE, 773 A5
EEZ DR R ST TA LT = N RR IR L 72D,
ZOBUEDFHID—>LL T
HHE —— TxNI =L Var b HWEHE S 3 ThD,
LI TNDTETHD, ZHUE, 2008 AR RITI, AR RS % o —IETREID - it dn 450mm &=/
ARSI TSN, BAEIR Y 2 T EETHIREN CORWZD TH D, ZDL o Z— a7 D~}
ERIEL SEMI BlFIZHE>TWD L BEAMEE S LA AL S VA A THO MRS TR A=
TININRY TG 2 NEL T4 Th D,

U= \OHERRS Cilime /e o= DL, BAARZET, mARYy MO £0.1mm &V ERIZRIL T, vzl
TERRERDS2 NGV BT H0.2mm L7007z, Ve Ty U TRIRIE, FOUP ROV =/ "W RU T4
D3, HESEFAR 372K SEMI M1 IZH D=y PTER AR LTz, /o FIZBL TR, /oy TF LAV iR H o7
D3 PERD )y F TR THREL , 2O FFREST,

RREIL, V= NETHD, 925um THRIEEL | Hin7eikE -7, 200mm ¥ =/ 0 725um J&, 300mm &=/
@ 775um JE% 450mm 7 = MNIAMEL 72 EE LD 100um FBEEV, 7o \BEINAZ LA AR LS RE b
ILTWBD, BRI IARE TRV, T NESIZOWTIE, 4%, G I 0H 5T — 2S5 Ti#EwN
IR, T AR AT = BISEE TIETETES,

Property Specification
DIAMETER 450.0 £ 0.2 mm
THICKNESS, CENTER POINT 925+25 um
NINE-POINT THICKNESS VARIATION, less than 10 pym

NOTCH DIMENSIONS (see Figure 1)

Depth 1.00 mm + 0.25 mm — 0.00 mm
Angle 90° +5°—1°

FRONT SURFACE POLISHED

BACK SURFACE FINISH (GLOSS) POLISHED

EDGE PROFILE SURFACE FINISH POLISHED

X2 4-3 450mm A =TV N KU T 2 Bk

FoeABARAY = itk
450mm 7 = O BUFHIEVESIL, RO 3 BFETHED THD,
1. AH=TIANRY T 2o
EAELIE S B2 =/ TR SHERURS T = MRIERE 722 812
2. FRBARR(TV =y T AT 2N
T = ANBARTHEITINZ T, 7R=T A 7R E IR E N DD =/ NREEB B L . 7 e 2B 72
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bl A 35)
3. TS RT 2N
T AR ZEIEITAEIT 2

2008 4= 7 HIZE 1 BEED AT =H NN RV T 2 NRFEISERNL LT= D C, 56 2 BEpE 7 e 2B % H
(SEMIISMI TIE TV =10 P AZ LT 2N 2 "B DR AN £ 72, 12 H D33Py /30T
T leEBAVREIL, 2009 I B EEFRE E Tl a tid 5 T E CHEATH, IRDIH7e 3FHDD = AHE
L THRFIL T,

1. — R 7 e RS E H CIRE RS2 8030 50 =~

2. NR=TYyINE=L— ] AEERET =7 [T/ =T 7V DR =N

3. WrI7—F=4—M: VYR THHERIE DO BT =

WEAYA: A RAY S s
450mm 7 = NBUHEE AT C 2 MDY 2 RGBS O R S TL TV,
T /A AA—T)ThfEH FOUP

s 2 NA—=TIINDT NARA= TN 2 NE BT DIy TRy I A

AT, 450mm T TOU =/ ks A7 LR07 m B ZEE R GHIE T DT, FAITRODNERHY |
Fied> TS I BN i BRm S AL CUND, o Z—1£450mm ¥ =/ 4 450mmFOUP (ZH L AFULTZY | U= % Ad
72 FOUP ZHs 3572 8 OS8R H K THEA TUD, FOUP Hikg#EmmIL. £ ™ 200 HH HIZh 7= HaEili/e iz
PETHD, ZDOHT, FOUP DY = E7 2 D7 2 By F ), FOUP @&& ik HEH /R IE
HTohs, FOUP M, 2l mSOMt RICHBL, 7V — b — L@ ESICETH LT %, BEFD 300mm
IV =2 b— 5% 450mm ([ZHEF 952 8 &S B L T, 300mmFOUP &[FL 10mm B F 23RO B TNDN,
ZOJFREVERIRE SR OMRBLTIL, 12mm By F e oTz, Vo By T ERDDHT 77X —OH T, 7o NFEE
ELTIE,

77 2N E1925um £ 25um T HD T 950umAEFRE( N RY 70 = JikK)
7= NDOFY 7 = NFEEE KT 100umZAE (N R 7 = BT
- HEICEDTZDH T e NEE IR RALE TR ED
FOUP WIZIE A= =/ D=0 2 : 500umZAEE (FOUP #i4%)
T NART BRRIZBWTES 78 CHES XY :
300mm 7 EEATOAFRT —ZE 7L 450mm 7 2t A TOHEEITHEL
1RETHDH, VNI AI=TINNRY T T 2 B TR ESTND, HEICRDTCh AT m e AFFE
Z0IE, T NEAEDY 300mm 235 450mm (27258, HIKT D,

HEIZEDTbAIE, T BEWIEE /NS, LU, Yo NEETmDBHOFNL, 7RO TR
DEVDE), Ve NERCXR DY E Vo DR D8 Teb B DR L U e BT DB ORI
T 5, UV \INELIe Dl 120D FF 33D o0, Vo NERFELT, Ve NEETebAORITHY
M5, ZOTHIZ, M 4-4 17T I, HDES TN E/ 725, 90 FERIRD 4 CFFLIATE,
925—950um THNIE/INE72D, — T, T B0 /NI DI, 72 NDOPNAIB0% N ASTZR) T =N
T XFFLTCBITI, To DB DIESRAEMED /NS 7 e NBETZO ORI G T 5, LI
BN ASTE TR LG GORET — 2 b IXFK 4-4 127T, 925um JRITZ 22 27 Y72 R0 59,
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2100

=
©
Q
=}
I

4 points support

1700 |- (Periphery)

1500 [~ )

1300 [~
4 points support

Sag

1100 |~ v (Sag minimum)

900 [~

Gravitational Sag + Wafer Thickness (um)

700 ¢ O Measured ]

| | | | | | | | | | | |
500
600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Wafer Thickness (um)

X 4-4 450mm ¥V = \DFFHDOVNINE CHEFLI-EEx D HEIZL AT A

T AFERIL, T A AA= T DT B AR ET DD TRRIILV TR, £RkA 72D )
TN DY5 6, Stoney DRTEE TED, Filt, Stoney DI CTHEAHLZ AL TV JPEEE D
BIMEE B U R R RSN, IR x It )% 737 A—421Z 300mm(775um) 7 =& 450mm(925um)™7
=NDNZEXE 4-5 12787, 450mm 7= NTIH 1.6 500705, BUIR, 300mm 7 2 A TS /75
EELOIE, 0.3mm 25 0.6mm FEE CTHHIH72D T, 450mm 7 22 A TORIETFEEKVIT Imm 22 70
WTHAIEBDOIND, Fl, T NPEPEETEL TLED, e RN ABAIZRED2Y 1mm
NZI2DZEMBHHLDTE, ZOMHMDD = NEREAFIE(A T =V ) TEEL N, LU, RO R R HE
BT, 450mm ¥V = O T e AR VA 1.6mm EAEE T Digm A 9D, 300mm E[FIC 10mm B T ek
FINZEEL O EVORERRD SV, SO, 12mm By T &7, ZHUTEES T, FOUP @Sbigind 52 L CRIf%
FOGENRNLLTz, Ve MCBELTE Yy T Y oy MR FR 4-6 12777, 2009 45 5 A1 SEMI S ZRD
BEEEAAT, T ADOBIZ Y 2 ANTHIM AT Z B IS,

2000 ( ) S
oty (GPaum) T
A = ‘6@
1800 | SORI (,”m) 2%x181 h‘fmer
1600 | =103xot, (GPa-zm) for300mm
1400 | =165x0,t; (GPa-zm) for450mm
B1200 fommo T
c -
S 1000 | -
o
2
T 800 |- mmmm e A . [P A
a
600 [ ----———-—-——-_F e i
_-~-"1,300mm
400 f------- =T e
|
200 | 1
|
0 |
0 2 4 6 8 10 12

Film stress x thickness (Gpa.um)

% 4-5 S e AUTERILIZRD
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Item | Description Pitch Budget AR
1 | Thickness of Wafer 0.95 mm 7 NE AN
2 | Deflection Under Gravity | 0.50 mm EXA AT
3 | Process Induced Warp 320mm | R FARAICEL.6mm
4 | Initial Warp 0.10mm ENAZ) - )
9 | Pitch Budget Total 12.00 mm FOUP Hit&(z17)

(13 4-6 FOUP D7 =/ BHEE T3 =

4-2-1-4  450mm D TR -BREHR
450mm V=MD ILD 32nm HHNE 22nm HARLIED T S AT B AL, —H#OFISNEBRO TR
WSO AR HEBDND, VY DEHNT, T D—EE BRI TV 7t 2 ZRE LT, CMP,
PVD R°TyF L7 EDINIY = —FEL TR 57 0 A ClL, Vo NEREAMEI iU, w7
D, DFED, Fy 7 YBT0ITHE T HT /X — 3 8IS 085, ISMI 24 LT, 20 450mm
DB T3 BRENRITE B UTimmni 2\,

4-2-2 I HINEHT
XI3% 4-7 1 FEP(RHZEEA BB CE> T # 7 MEFU(LL T, Si/Silicide S AHEFTE FeHh) EACHRIZE
STOAETNEFULA T, 22787 Z 7 IRFLEFTE) DE VAR L TS, 2007 4 12 A D ITRS $ia4
T, 27 MEF(contact resistance | ) EFEOV22358, | FEP AL/ 3—LERAL /S —TIIHEI L DA FEEL
TUNrz72 | Hiliasamns &R0 o7, ITRS2007 T, SifSilicide Fmihilar #7777 #bitt
REA 72D T, ITRS2008update 33N ITRS2009 (ZIA1 S Calgnfa To 72,

TEHT

Silicid

TEHT

SiUEIEE)

2TCOTRESSlicideRIT LS FARSI CEARETFEE FhE
—W-plug SiisllicideHh EREE OIS, | | —Sisllicide REOEIRMIRA
SiisllicideS iHEbUD = RchY

XF 4-7 227 MEBUFEP)E =2 7 MEFI(ELRR) & D bl
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4-2-2-1 Si/Silicide FEHEHT
USHNOa—Veigimlc Lo C, SifSilicide A HEHIRIL 1e-7 Qem’ SRS ES I, ITRS2007 CTiZHPD
FARPIE SRS KIEISEfMS -, #1213 45SnmOHPO A HKHTANTRS2005 Tl 105 Q sum(W=1 um|Z
%95 AT, Si/Silicide R IHLPT 4.7¢-8 Q em® [T YS) Tdh-7=H D73, ITRS2007 Ti% 180Q -
um(Si/Silicide I HEPT 7e-8 Q e\ TAH S ME LSz, ZDOZEH T, nFETORHHUC 5 %A HPIA
20%FEEMND 33% R ITHIINT DI TS LU,

4

10 —_—
— 75, BOEDFEWAAITIL, 2e-8 Qem’ N N .
FREENEB AIHE(G. [N 4-8)L\V D0, N o "
- = _ — _— £
»HY, ZHLTIzT —Z%ZItlZ, Color Code® S10° JQ\?& . H%} |
RELAZREL, ) N o . “
&) o ‘% .
= ]C}‘ ‘c)-x - L
2 o N \
% 0 ik | ITRS2008update KR CHE . B 402k BN '.... N ]
Silici IS, N As "y * 3
Si/Silicide 5t i #iHi~ 5e-8 Q cm” £ Tl 5 o N l:. \ ‘
B ATHE(Whit <A B, (AL, A N nmON
PLOZERM B RITEmMEINTZEET, 10" . . o
ITRS2009 CIEITRS2005 L /LoD SR A 10’ 10° 10°

(IS L CUbS B 5, Effective hole size (nm)

X% 4-8 Si/Silicide i HHEHTIC AT D

4-2-2-1 aBINTTT S
PUYAR LDOa 2787 Z 7 bud, FEP._TWG CEE TWG OB EIKICHHTEMD, ITRS TIHET
— 7 IALEIL TR o7z, 45nm HAARKHUV NG| BUIRD W 7Z7 TII ARG IE L TR TER0 e
FERED RO TWAZELHY | F U AR a2 IS 7O T —7 b EE LT,
777 BRITECRR. TWG O HEFEIR CTHY | Bl TWG DEM THED HNHD Tl wink oz
D3, ESRAE(FET $ARBLO % h) s, a2 7o T20DF v 3 /Uiig W Z (1] um (27 57M% PIDS 2>HHL
TERULNEWD ZEIZ7eD, HAD FEP /it PIDS M CHAZI-T-, TDORER,
FET #8100 3% % a2 78777 IRtz E Y4 T5H
2 HINT 7 AR DT v RUIEIL, SRAM Z18EL, M1 1, 2 B F O 3 {51275
EVOZETEELL,

4-2-3 HHEERE

ITRS TiE, 52 HP ([2OW T —NEME A — 7 O BEE L L T, m—R~y 7 Eks (L
DEPERIEL TUND, ZDOIEEIO T, 4-2-2 [ZFEHIL72d8912, Contact HEHUE D i AL RETSAL T
WD, SHITHEREFRIECTH D CVAd/Id,sat DEFSELIZ OV T, Teff R° Vgs-Vith 24 & 5 LA RIEn
TWD, —J5, &4k C 1T gate overlap & fringing DA AR EA F 104 gate B EC/RSALTVDA, ZDFEHT
lTr—R<y 7 EIORSNTORN,

ZZT FEP TiX, Il CMOS |23 D% AR EDFE [T HOWT, & BT o LK Lhe 7 U
TEATO, LR OZEDNREN T, £THAERBORIFEA~DEEIZOWT, HMEIZ X0 T ARG 23K

1 K.Ohuchi et al., “Extendibility of NiPt Silicide Contacts for CMOS Technology Demonstrated to the 22-nm Node”,
IEDM2007, p.1029
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T HEAHHY ., el MOSFET (233U VT, FIO =1 Tl 80%FEEN A AR /3 Thd, SHIZERIRD VT 4
T SAIZIBNT, Bz B B L Th MOSFET FER Sy DA 53 40% RS 85, RIZ, MOSFET DA%
BIZRWT, DT> T, FAEREO T HEEIE DN REIRMA D DD, FY RNV EFESED
Intrinsic 72 BA PRV 2 A AR EIZIE, FEIT Gate/SD-Overlap, Fringing, Junction @ 3 %5335, Zi16HD
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