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Table YEI Definitions for the Different Interface Points
POS POD POC POE POU POP
Delivery Point Submain or
of Gas/Chemical Outl'e't of Central VMB/VMP Entry to Equ'lpment Entry to the Process Contact with Wafer
. Facility System Take off or Sub Equipment Chamber
Supplier
Valve
ITRS Front End
SEMI Standards ITRS Factory Integration Facilities ITRS Factory Integration Equipment Grou Processes,
Interfaces Y 8 Y 8 qup P Lithography,
Focus Area Group Focus Area Focus Area
Interconnect TWG
Focus Area
Inlet of wet bench
outlet of bath, spray nozzle, or
Ultrapure Outlet of final filtration . Inlet of wet bench connection point to . .
Raw water . submain take . o L Wafer in production
water in UPW plant or subequipment piping, which is also
off valve
used for other
chemicals
Process Chemical Outlet of final filtration Outlet of Inlet of wet bench Inlet of wet bench
chemicals drum/tote/bulk of ch_eml'cal ) VMB valve or intermediate bath or spray nozzle Wafer in production
supply distribution unit tank
. Gas cylinder or . . .
Specialty - Outlet of final filtration | Outlet of . Inlet of chamber . .
gases bulk specialty of gas cabinet VMB valve Inlet of equipment (outlet of MFC) Wafer in production
gas systems
Bulk gas Outlet of
< g . Outlet of final submain take | Inlet of equipment/ | Inlet of chamber . .
Bulk gases | delivered on site - . e . Wafer in production
filtration/purification off valve or subequipment (outlet of MFC)
or gas generator
VMB valve
Inlet to mini-
Outlet of environment or sub Wafer/substrate in
Cleanroom Outside air Outlet of make-up air filters in equipment for Gas/air in vicinity to roduction (AMC/
and AMC handling unit cleanroom AMC, outlet of the wafer/substrate gMC)
ceiling tool filter for

particles

POD—point of delivery POC—point of connection POE—point

VMP— valve manifold post

SMC—surface molecular contamination

A oot R

T YA LRIEEIC

UPW—ultra pure water MFC—mass flow controller AMC—airborne

of entry POU—point of use VMB— valve manifold box

molecular contamination
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Difficult Challenges > 16 nm

Summary of Issues

Detection and identification of Small Yield Limiting Defects from
Nuisance - Detection of multiple killer defects and their
simultaneous differentiation at high capture rates, low cost of
ownership and high throughput. It is a challenge to find small but
yield relevant defects under a vast amount of nuisance and false
defects.

Existing techniques trade-off throughput for sensitivity, but at
expected defect levels, both throughput and sensitivity are necessary
for statistical validity.

Reduction of inspection costs and increase of throughput is crucial
in view of CoO.

Detection of line edge roughness due to process variation.

Electrical and physical failure analysis for killer defects at high
capture rate, high throughput and high precision.

Reduction of background noise from detection units and samples to
improve the sensitivity of systems.

Improvement of signal to noise ratio to delineate defect from
process variation.

Where does process variation stop and defect start?

Non-Visual Defects and Process Variations — Increasing yield
loss due to non-visual defects and process variations requires
new approaches in methodologies, diagnostics and control. This
includes the correlation of systematic yield loss and layout
attributes. The irregularity of features in logic areas makes them
very sensitive to systematic yield loss mechanisms such as
patterning process variations across the lithographic process
window.

Process Stability vs. Absolute Contamination Level — Including
the Correlation to Yield Test structures, methods and data are
needed for correlating defects caused by wafer environment and
handling with yield. This requires determination of control limits
for gases, chemicals, air, precursors, ultrapure water and
substrate surface cleanliness.

Systematic Mechanisms Limited Yield (SMLY), resulting from
unrecognized models hidden in the chip, should be efficiently
identified and tackled through logic diagnosis capability designed into
products and systematically incorporated in the test flow. It is
required to manage the above models at both the design and
manufacturing stage. Potential issues can arise due to:

a) Accommodation of different Automatic Test Pattern Generation
(ATPG) flows.

b) Automatic Test Equipment (ATE) architecture which might lead
to significant test time increase when logging the number of vectors
necessary for the logic diagnosis to converge.

c) Logic diagnosis runs time per die.

d) Statistical methodology to analyze results of logic diagnosis for
denoising influence of random defects and building a layout-
dependent systematic yield model.

Test pattern generation has to take into account process versus
layout marginalities (hotspots) which might cause systematic yield
loss, and has to improve their coverage.

Methodology for employment and correlation of fluid/gas types to
yield of a standard test structure/product

Relative importance of different contaminants to wafer yield.

Define a standard test for yield/parametric effect.

Detection of organic contamiantion on surfaces — The detection
and speciation of non volatile organics on surfaces is currently
not possible in the fab. There is no laboratory scale
instrumentation available.

A possible work around is the use of NEXAF at a synchrotron
radiation facility.

Difficult Challenges < 16 nm

Summary of Issues
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Next Generation Inspection - As bright field detection in the far-
field loses its ability to discriminate defects of interest, it has
become necessary to explore new alternative technologies that
can meet inspection requirements beyond 13 nm node.

HEYVUE 5

Several techniques should be given consideration as potential
candidates for inspection: high speed scanning probe microscopy,
near-field scanning optical microscopy, interferometry, scanning
capacitance microscopy and e-beam. This path finding exercise needs
to assess each technique’s ultimate resolution, throughput and
potential interactions with samples (contamination, or degree of
mechanical damage) as key success criteria.

In - line Defect Characterization and Analysis — Based on the
need to work on smaller defect sizes and feature
characterization, alternatives to optical systems and Energy
Dispersive X-ray Spectroscopy systems are required for high
throughput in-line characterization and analysis for defects
smaller than feature sizes. The data volume to be analyzed is
drastically increasing, therefore demanding for new methods for
data interpretation and to ensure quality. [1]

Data volume + quality: strong increase of data volume due to
miniaturization

The probe for sampling should show minimum impact as surface
damage or destruction from SEM image resolution.

It will be recommended to supply information on chemical state and
bonding especially of organics.

Small volume technique adapted to the scales of technology
generations.

Capability to distinguish between the particle and the substrate
signal.

Next generation lithography - Manufacturing faces several
choices of lithography technologies in the long term, which all
pose different challenges with regard to yield enhancement,
defect and contamination control.

[1] Cross-link to Metrology chapter
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3) MMEAENIL, BINIRE LB TR RMRE DD, AT v/ X—AREY = — AT —
LU ABTAMOTNELELSEDLD TAT v /3—HIK|Z &of%ﬁ%?%é&ﬁ%ﬂ*ﬁiﬁﬁ%
BICLETHEC - BMBRELELT S,

4) BIOEBERERMEIL, L —F — R (EROEEITRE LR EICL > TEDLA)IEF L TS E
HEEE TN EEERLFHAICE s TR ESNLD,

R XD T B DT R O LW E O R EMEIZE AU E B ETIIARN, ZOMO XKIRIZE
WTHE, RS EDOEENTZIUEE L WEIR THIE T2 0 Z XN EAS, 28 b, KO H
ﬁﬁﬂlﬁﬂ%ﬁ/ﬁk’?’uﬁéﬂ’ IR 52D Ef(zl% DAL I o T, TR EE SO E D il ) & 2 v 2 B
T 5B RIS T DT, 2V — 2 b — DT A FR T B 572 80 |2 IR & B AR O AR
BZIRNEVIRINEZ L TNDHEZALDHD,

:n%®ﬁ%ﬁ%§¥bﬁ%ﬁ$¥?&w\ REMITIAWFT CRASIENTED, IO LF MO F~

JWZEBE IR 19.5 05 24°C, FAHAHBEE 1L 35 05 48% DfEZE /R L T D, ZAVTIT R Dk E T
RINd 5, I8E O E ML E LSS, L TENICE) = L X — IRV CGRIRE NS,
KHIEFE O % EMIT KR EICB T BBLRSCEREICB T/ B AMRLIFEE KA B EL CTRESN
%o AMC 7 4V X —DHRESIH IR E TR TFE 95, AMC HIENZ BE 32 T sRAE & [RIRR (2T 1 B A8 23 0 3
27RO ITIT7 4 —HDOX L — Y —ORELFIRD D, FRCENR T — b — AT
YT 77 TICHESNTWDGEATHD,

£ YE3 OH =724 Rk

#£ YE3 OET Tl EENRY 2 BRERBIVN~AIERE, = 70— % (FOUP, L F 7 /LR R)
AEELTWD, 71— /ﬂ/~ I, (RTD)Tx—NBLO~ AT RE JE iy7u~°/‘>v@ot57iﬁﬁiﬁ
FALSNT-REBRENORZEREOREa M, HFOBRXKENEEZE LY, VAMIZE TN
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KrDTaER T, 7= b — LREOIF R, EE NI R, FOUP, LF VLR y REIIANT ORE
BREDAR I INTND, 7= )b —LBREE L, VT AV ot ART 7 ~D POE DIRHFE
ELTERINTEY, AMC BIEBIOHIBICBE#E 753000 ERE X R EZEZ 0L, Fiz,
i B 72 7 e ZGIEH O 72D I S IE A O OIRELZZRL TWDEELH S, FOUP ROV F 7Ry
ROWNERERBEAN Y 71X, 7V — b — ABRBEDOIF YT B % T 57207 Tl R LT DIEMEZ 4k
MWHDT T ARLNEEIZAFE LT AMC O EIICRURT T 5, BAMELLEIRLST 00T, 7'e
TARZ LI, ZU = b — LB EEa T (FOUP L F VLR yR) D ARy 72 L Th D, 2011 I
ERL7-3% YE3 ® AMC Ay 7DOWETL, 7uar b RoflEath, HFFERERT . KF0FH ., Kiks
BRI T AAHEROBFHIHE SN TNE, AMC ARy 7D —ETlE, HREERE TEHS ot
I[CHF RSO B8 O FEEE O R MERY 22 B IRe [ O AL BR IR RIS B 1T B 7 U — 2 b — DD ARy 7 by =
—NNVFINVBEEERES LI-ar B R TOHER L5 TN D,

Gate/Furnace area wafer environment (cleanroom FOUP ambient/tool ambient)

Total metals [8] (E+10) < 10 Atm/cm?/Week
Dopants [4] (E+10; front end of line only) < 10 Atm/cm?/Week
Volatile Organics (w/ GCMS retention times ? benzene, calibrated to hexadecane) [31] 20000

Gate/Furnace area wafer environment (FOUP inside)

Total metals [8] (E+10) < 0,5 atm/cm?
Dopants [4] (E+10 front end of line only) < 0,5 atm/cm?
Volatile Organics (w/ GCMS retention times ? benzene, calibrated to hexadecane) [31] 20000
SMC (surface molecular condensable) organics on w afers, ng/cm2/day [12] NA
Total SM (surface metals) on w afer, E+10 atoms/cm2/day < 0,5 atm/cm?

# YE3 DRk —E O (FatR (FEGLER) . 7)) — L — ABREHIEI O AMC 22y 2713, FOUP N
DY =— NEREIZHELESND AMC Ay 7 EffRESTng, —BEOfEIL, 7uarhm ROzl s
K657 M1 &N WIRTFFE RS B OB BIWF I HRR ES LTV D,

T7IN)— AT I —va (F)NICEELZH LR T4 FIE R (AMC) My Z 2(AMC DOHE

2 ABY o

FOUP (7 bt REE NS T 0B RAEEE ~T<ETD 25 DT =-— DORE LHiEE T HT-0 DT T A
F oI Ban ThD, FRE I, V=— T FOUP NTRID 7 ot 2D IR L k2 7 AL L4
H0H LAV, FEREL T, FOUP NOERE OB E72D AMC ORFEIT7Y — 2 b — AN E0L 5k
BB GERHD,

FOUP (Xt HIKDBLE T v AL RN DOFEE M D=8, 2. SOHIT AT AT EHTHAIERENZT =
—NINBFEAET D AMC 23535 AT REMEDRN H D D TIH YR L7205 %, AMC R D K ffalix FOUP N>
HOREE/R D5, FBEOFEEE AR E R OMAEDEOFR R THL, W<OPDOXRMEIXE-, WEL
I E DOARPUUZBE L TV D, £ DFE S, FOUP WG GO JIIE L HIFHIE IDM &7 72 2V — D AR/ 72
HAlTiRE TH D,
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AELE 7R BT = — N R 57 115 Y2 (SMC) ERFE I 72 R B 2 4 NI D DI W BT\ D, 3 i
I H 7 O KFFAEem?2 kbfﬁ%éﬂéo W72 5 1 O BRI SR 2B LS4, SMC &
222D AMC R E DO RZRERT-BICFBIT L T<Nb, Vo— N EORE KR ME LR T THAD
AMC [T FE7, IR SR LN 5 2 DR ER R ISR F L T D, — kY72 SMC & AMC @ BI04 LL

TIZART, C =N/ (sxVxt), CliEZEX D AMCIEE, NIZV = —ED SMCEE, s I &R, VIiZ AMC
DONYEPREZ L C tIXRENB C©H 5, YE3 L FOUP NIZ 24 BEMIRTE L7- & & o ppt(v) THER S hu iz
AMCIREZ#®E L TWD, KV EWVIBERFROGAIL, HiHO AMCHEIZ ERoXr bR I, 20
HA e R R OFRBENEOCBRERFN TIVEWI 2R L TWH(Z ORI L DEBRBEEND),
T EMERIIBRFERFERNDEILGAICEMIC ETIERL, 207 7a—FZ ERdoiE ko 2E 24 L
XU LEHREBRIE L=V a2 FRELTHNDIOARTH D GEMIZ TR TR 5 Z & Nk
2)o

A E(YE)Z L — 713, FOUP{BYICEAfR L7 B 2 BEICE D flA TR Y . Thvd x, IR ER %
HELTHWDIH LWEREZREEL WD, 777 FU— 4V?7V~V5Vﬁﬁ47W54A\7E?x@ﬁ
B, R CEBEELZ ST _RTOT a2 70— I LTS, R E LT, FOUP NDIEYDRIE
EHIEOMEIT YE & FIl oo —kiy27uy 7 e LTV #FbI, 2ol ttEokodh T,
FI (YA 7 N0E A LR —Ty MBI L TENENORFGER OGN Z T 2 %E 2> T\ b

2011 FFfR T, YEIZBA T O FE A = O MR R i 2 3% L1,

< H LV FOUP 72 5 Dl H A

- /EFET D FOUP 725 D i A

‘FOUP N CTHOTz— N DI/ Ra L HIf—a
TR EE 52D — CuAyXiK. CMP A7 — hlgh/Iow i B D AL O CVD
FERED L5725 A B O RSB IZ O W TEE T 572012, SHICERICLDFAENLE TH D, ]
FEHOM, =T 47V DO RESEVHIBE T, AL ;?ﬂi{s’i’@zéb EODOHIWICHWONTEZ, Z
DOEEIL, X—=T A7 IV BNZ DY IR RESIZE S TE T T2 ABFMRIZ K-> TH ARV I AL
KIETZENLHBINDIARNETHDL, TNOXTREINDN—T 47 NVREIX, BT A XD L7 85,
IRTA=HITHIRIEL, 5> T, FEP OFEHWH I N —T OFETT VLo TEMINDLIEH/ N—T 47V
EEIZLEELND,

ik — 25°CT 18.2 MQ-cm D HIRFIAZF D | &R 132K ppt, T =47 E=7"1% 50ppt LA
T, TOC (&b TR ) R Im A Z L2 U 1% 1ppb LLF OL ORI BHIAKEE 25T
WD, 2N—=T 7L VT EE AN TRl RE/ i m L~ L OB IR il 2 WA Z S IVIREIL Tnd,
I TITIIEAE FEONE D ETIEH LD KFIFEL TODD, FEF IR L U ZHIEI S TR,
1cfu/L LA FThD, TableYE3 IZHE/RIINLTWD 2011 HEDOr—R <y 7 OfE T feim T /A Az fildE 4
HILGTHRIEFEHIN TN T, R F~v—FilEIC k> THERSINIZARENREMAKDOKEDMEE -
TW5, 2011 FFhRZ 2 5 FITEE LW R HEME L, G 7 m B 2RO BRENLBGEN L BEESNDHREL) &
LA DRRERIND, — BRI MAIT SRR E e A0 R CEH ATRER b 7 — itk &
25, TNHEN T o ZBEICERZ B L 5.2 50597 F — 2 3FIFE L0, Lo T, ik
DO — Ry I EAL D2 N D &7 > TND, BRIKT NV —7 T, $F7AH T RLVX—%#
ST EETNVEFEALT, a7 e A5G0 C, BB AWM ILENY = — A ET DA HE
MaRLHIEHDLTND, iﬁﬁﬁﬁ@kﬁ‘/v»— TNEIEM T NN —T LB L KPR OBEE O R tl
?‘é)z&%iﬂﬂﬁ@“ét&b@&@% %ﬁ*i.“ﬁﬂﬁ(FMEA)%%%JE%J@T%KO _@nft«?éa:l I o 15 Y
BRI L T, slBh L7z, 2011 AR ICEBRIK 7V —7 13, [AEED FEEZ AW ﬁHa‘é%%Fﬂ%ﬁ%to

fz’ TN ST SZERIZ L IR T Tidan 75,
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Table YE3 DBHIAKDE BN TIEL, WD IRTA—ZEIEY LN D T o ADFELE LE
R TCND, WLKODNDINTA—=Z—TDONWT, Vo —NREOLEENIGY L~V LV EERZ LI AT
b5, b5YEREIEA— DB FRELBIEL DIV > TWHR, ittt Tl En a5 g &
EZTWD BESCENORZEMLFEREEETHY, BRIV 7774 TIXBICIEENEETH S,
BAKFOHEREMY — I, BRK R OGN FERT NARZED I E TS
DOPDORALNEE- CTE, WEIIE, (FYRAEMIT 2L TREIRBSLLEAHRBLL THIESHLTE
7o ZOREFIETIE, AR NEDIIREAT I, fEx DOT A "REEEIR ST DN, FD K G
N EERT ANARZEIZETD00THGIR N, BUE, ITRS TIEEMAK P OIGRERW A, 7oK
m ERRERE AT DR N ZIRICL TR PTTHEEZE L TND, ZOEEY DX 3T, V7 7N —T%RGE
T DD EE — R BT (FEMA) Z W T E{bEns,

- fE 7 e b UG KW (Polar Protic Organic) 13, ER S VO R F - ~DKFRE A £21E 73
VHDBERIF T ~DOKEREEONTNDEFF> TS, ZOMWEIX, 7 —b, b E3 B ARERLIE
a2 COMILERICKFE/EEAECSELEERGENICEBRL TS, $2, it 7o A
1T, HHEEF3HCEY CuALW,B ZREDGAF v bt a T2 RN KS, M7 o BIAKY I, b
B OV R SR SR M A R,

fRPEIE T m R Y (Polar Aprotic Organics) 1, ALK FEORE A B ERICHER LI IEERE SR
ERfo T\, ZOIEMEREFE L, AlLCu,Si,W,Ca,Ge 25 e & BT I EMIEREELEL, ZNIZID, &8
b T ET D, ZORSIEIBLRE TEL, X7 —& B E il CTIEOSENMEW, tEIET ke
RIAEREYIE, — NP RRE DO KRESOFHERLMMEL O,

- JERE AT Y (Non-Polar Organics) I3, 7 /3 AL 5 2 D E MR BT IEF 1T/ NSV, 77T L
T — )L ZIN T 59 . B S o A SIS E RIS TUEI N, IEmME AT D77 T
T — VAN XY, S ER (FM) &L CEKMEE7I3 BRI Y 2~ F AT 55,

Bl 21X, BLE R ORRFIR L DOKEMEICIVEC M REE e, B /KF O a kA
B R IC R0 BRI 7 — MR . R RV BB VI D AR 72 AR T S 2D AL JE A3, FiE
R RIUE R A IS KD B SN A ENERIN TV, L@ T ICA YN FET L, By F
VI TRICBW TV VAN ERRRT VH — Iy DRR E/2 D, 2L, L2 BELR O 2 —
BT 4 R T O A X KOJFRIK L/ 5,

L% B ORBRENT 21THZEIZED | BBIRT NAADO R RGO B X AT ORI E
TELENEETHD, HHEEBRCAHET VIR EDESITHINWR ST E21TI7-0 DFHE D 2012 £ F T
Ehisib, vVar, BF, ME. Vo \maF U EEDAEKBBTIZOWTHIEETHD,

BRI DTGB T B L ~ L, FOMENEZTHE RSN, P THESNANE WO EZE
T B0, FEEATIIE G R A 2 R (POD) | #EE A1 b (POE) , = — AR A~ (POU) 23
D, POD EIFHBHIAKELE S 2T AD AKMEEAT 7 DE% THY, POE 133 E L OHEK S, POU 1%
EEONE THD, SEMARNE S FToTRIL Table YE1L TR TE %, 2007 File—RK~> 7 Tl
Table YE3 IZ/R T X512, @HM/AKDKE L POE THEL TWD, BHM/AKDKEIZZND 3 SO THEIZ
POE & POU M CZAL T2 a[REMENH Y, KE Z 58 BICHEFF 72720 ORI 2 EBE DL B LD, BT,
EREZR WG AL IO TV T HF b HEE Th D, BHiKOHKKE POE D POU IZBITT 5
VYUV T HIENRIVEELL B ANMIRo TS, KIKOXRUF~—2rDFT —#|L POD X° POE T
IVEEXFL, Table YE3 D/ /8T A—Z D L7205, HYL ~ULN POU IZE THA RS CEIZ, 2,
K7 ot AAEE N R RS, E ) 72 SEMI FEYEZHE > TIRIKD R E ZHERFL e A E A SN TV DE
RE LR O E AT 72 B2 ST g,

AU KICBEL TR, I e R E B W Tl SN AR K T v A0 —~FETHHER L
T, Zou—R<y 7 TIEEROHEDLRV, BRAKPEREL XL THEHENDIRIRV Y 77707 2t A%,
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TR D THUR TH D, ek, B KIZIREIN TV, 1ppb L L OFEMITL L XD ~A X (2
DT B LW F0 BRI KRS,

BRAKDOVYF ATV — BHIKDOVY A7 —EIROF#Eb 2 et 572012 Bk 2R o sk
DB RO DI TND, VAT LEBL TLOELDOBHMAKZV A7V T DI 720, BHAKD HE
DHEFFSN CWDZEZRGET D720 | W FTIERL T HiEE GO I ANNRO G WEBnEES
TWD, WYIZRV YA IV EHE O FEITIL, Rl 2H 72597217 TR, “I0EN WK DO TN EM 9
AZLIZ KRB A KE DR ENTELZ LA RLTWD, BRAEMEEREHIL ESH O HEHS
TWBb,

BRAKDEIEFE — BT OBYREERT D200 — 7258k 575X Figure YEL IR&EN
TW5, BEBEITHZY ITRS OBHIAKT — LITEBEHKDSEEZRET D202, LD EH O
KYAT B X F~<v—I LTz, 2007 O F~v—7TliE, NMERERBRET=F— Ll
TV T BRI LTz =T 470 SEM JIES Ehi L7=, ZOIRENZLY . W2 ORI E 5 150
K DIHE YA E BT HDICFIELIZR W ERNHLINI IR 5T IRDHIHT 7 L EAE OBt K 1 o 75 Y
LA LR U TR EE 3 BV s BEHE BT, TOC, T =4 BREA A LY, B OILFEIRER 5y
FrZZ oD TIEICIRESITW, RO TGTIEDOEEIXBED LAY ThD AW, I A, &8,
PR—=F 7 VEHER I . BB EENA R/ N TED NS —F A 7V BT AR E RN R E L TWAD,
UF D K [fax 35720 O FEERY — /L THY>DF TD,

Parameter Measured (POD/POC) Test Method
Resistivity Online Electric cell
Viable bacteria Lab Incubation
TOC Online Conductivity/CO»
Inorganic anions and NH4+ | Lab lon chromatography
Organic ions Lab lon chromatography
Other organics Lab Various, e.g., ES TOF, ICP-MS

Reactive silica

Online or lab

Colorimetric

Dissolved N» Online Electric cell

Total silica Lab ICP-MS or GFAAS

Particle monitoring Online Light scatter

Particle count Lab SEM—capture filter at various pore sizes
Cations, anions, metals Lab lon chromatography, ICP-MS

Dissolved O; Online Electric cell

ES TOF—JE{TAFH T L 2 | 2 o X 7L — 2l ICP-MS— 5485 i3 7" 7 X~ H @5 P & i

GFAAS— BEAF I+ 157 14 7

Figure YEI General Test Methodology for Ultrapure Water

BEMALIEBDONN—T A7 NVEIE — MEOEREBHETLO: BHASCEERHO S—T 7V 0
Z2— DR R E DOIRAIT, BB ESND /N S—=T ANV AR (T z—  RFICE R B R AF 38
—T AN AR) D/INRIRALIZENE RS> TETWD, ZOE X FITH&ERTOMLENRH LN, N—T
ST IR SHEIC L > TO BBV E T 20 TIdel, TO/LEASE N T LA BN KXW,
B ZIZAR Y MROERTE YL a2 2 DX, BITERIE TR b D X/ NS =T 4 7V E T HIEH E
FThd, 2N I AXO =T 47 VRER, EHEL R MERNZ LIV R E I > TS, /N —T
AT NARFEDRNZEBUR D R—=TFT 4 I NV E=H—OREI R EN DN 8 ED B ORI EMEO XS
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DENRKRELI R TL LD, W IERRER G F o FFo 7o KD EIREE 2R —T 4 7 VIE JTIEDS  TH G B AR
HENT DD E LD,

JEE D[R : 2007 FIRF 0T TR O e b B 22 N — T 1 7V By o 2 — XK I LT 0.05um,
FEHRIZ KL T 0.065um THD, M. KnotteriZ LD EER T, /NRIRD/S—FT 4 7 ZEE LG W ENIR
SITEY, MRIREO TR LAZENRKEIN, ZTNETOBHMAKDTZDD/R—FT 47NV I B —DEE
B, V== O KRICEVITO TE T, IRDT2DDR—=FT 47N R0 2 — O EEE ) FITE
ITTEDN, ZOFEEFHSTZBHMAKDTZO DT /2258w Eix, Kig7ea AMER FRINDLZH T
TR, BT, @A AR R LD D FHAZEE N AEFEITE T 522 REET HEITRGZ2 0, |
WG LN T 2 E FE AR LY @R 70 25 18 O FHL O fREVEIC R B A 5.2 5, 16> T, ITRSO H R
Zii B S AR, TIROEEE ORNERLELL T O/R—T 4 7 VIR EE TR D720 OBFHI 7244
ENE RSN e b7e 0, ZOSMEEITIRIE R O X—T 4 2 V=T 4 7 A X (d) DI
VP DORRNRHLEIEL TS, ITRSHEINEZ M E LT DI /NS —T 47 )W A XN FEERO W EHE S )
DIERET X T 21TE MO ZE FHREMEEDEO Z2) D FTREMS E<R D, > T, /=T 47 VHk
ENR—=T U I NP AXDEMRERFET 72D, TV EEE TN—T 47 V&R E CTEXHRIEEZRETH
CEITERICESTATHERERIETHD, ZHUCEY, ZOBRIIEEMEZ > THERASh BT HZENT
=D,

HEDIEMEMEDORE : 7av AL NEbo TR WIEFER T L7120 st 7 o A HI#2N £
FTHONDLINTI > TETWD, AL O 7 7' AL B AR AR O ;T 72 fliE L [RIER ISR VIC L
STHBEIZ/R>TND, > T, MESNT =T A7V REDOEFEMEEZRFET 572012, JEFikICE
STHERNN—=T 4 IV ERHTHIENEETHD, ME =T A7 NVEDOEHEEZR LS50
W2, MK E Do N —T 0 7 VHE T IER LV REBEBEOREI Z W E T D/ N—T 47Ny H
—DRBNPLETHD, AEOR & (RESINDIERAEDOEE) BELORE MR ICRHENns—7 4
IV DA E T Dy N T I T HY O TEIL I T 2 D=L,

F YE3 OFAIFESER S OMER U RIZFEARMIZ—ETHDLIN, Bl 7 me A8 W TEESIZE
WL NESRESND G AL B D, EHIMRIBYRL LT 5500, #EOIXL 2K T 52812
Lo THBEm ENEREINDIZELHD, - T, ZnbD T ot AR O RLECER O WL B 1T 515
G~ L O 7 o A O EB ML ETH D,

YREFEGE DM — 7 YE3 DB ALIIFI T H RTINS IELDOFRAE L, o — R~y 7BV THE
(CEDR D L <72 285 TRRICI T, 2EE ~ DO A (POE)IZ I 2 7 A0 34K o LR 1 73 B 2ok
EZERLTND, Z<DOHBIIBNTIEL, ZNHDOH ARLIKIE DTG YO FR AT BARH 727 0 AR AE
XS TRESNDZETREMEINDTZEAD, —H T, IVERWERERL WX TREZZITHEEETD
A—=H =D, HDHT AN JFUEO M PO — VR 2R E DM DT A= H—DFFHEL THE
SN TR OFRTHESEMINDEE Z T, EBRIZITREONME TR a2 —7
SMIIEII —RA 7D EETADIIYURTHD, T AL “WMEOT 4RO EIRETHLUED A2,
MR ORI E LMD T A= — % it T2 DB NINRBETHY, TOE BN THL
DRRFEVEIL, BRIEICL S TE DDA BRL ~ILE FIFHZ LI L TELNDFIEIT., EED 7 1
T AN ARLHIE TR EINIZIBELIES X DOEBO BT THDH, ZOFEEICHOWTIE, a2 Ak
DHEEFRET DO DO E A7 1w AHIH(SPC) & H 5 Z LD ER N FEMICR TS LD,

TubvRABEOBERFELEL T, EELTE20FRRNHS, —ol3tinsn-7at 2 FEEHZ & N5
B THD, —ODIIMHE T AT AL T e v 2R ThD, ZODIIBGRCK DI FI-F1F
FELTWDIEY LD IS E DR TH D, ZNODOTEYIRIL, SN T AL LDy = — K

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



12 BEYVEE

NDORBEDNT=HLZ A ’7(7“?“%.’) F YE1 37 bR FEEZNODOUE IR IS R DI E & Ok & 7ob2

HIZOWTRIRL TH D, F-F 1%, ITRS N2 SEMI 22 8 DAk DRk« 72 TWG J:@Fé'éa_ ZoWNWT
uaaibﬂ\éo i WECC &_h%mﬂ#&&ﬁ%%%%ﬁﬁ T AEELIC, FuEARKICIN ST RE A 7
RALVPDEFZIZETIE2HNENESEPEFRL TV D,

POP (7t AF v/ N—N) IZBITDHEDOREICID, TARLKELOME LT v AREDOM O KD

B 72 BR AR AL CT<ND . ZoHIEIL, ‘7::%/\/5%{%*@?@«&%0) MEEIZE>TEZLDEGE, FE
WICNEECTH D, TTRX~ T AR O/N—T 4 I VAR T 2= "INDD T AL NS TG FEECTH D,
BEIIZLDOT oA TBWTKERORL EERIGYIRERD, 7ot A HWDIRENLD KGO
B2 N2 E8 5, POU THIETAZEI2ED, 7B AF v XR—ZEFEA> TV et A v
RARD SE ORHEEMNREREBDIIENTELN, ZNHLELOEE DT ot RATB W TIARATEET
b5,

INHOWREESD=8, F YE3 DfEIZFR YEL I REND T R EE~DO A OLEEFRSND POE 12
YT 5I91272>TND, — A ARIRIRIZEIL TiL, Z<DHEHITIZ POE O ARHiHL ~ 2B LT
&2 5251077 —203b5, L)L, ZIWHDOFARIZE T 2R LIXLIE POS . POD 5\ %
POC TITHOINTWD, ZILHDOEHZ DWW T, FLiRB RSN D 7ed | RE & TEMHRINDHD T, POE
SORET L RN LN DD, Rk T AR IGMED AR DA ZH)WV o= HEE T L DOEE L
BT 5, 7287 A ENDRNOTH YO BRI T DR E N L, Fo, a2 T A0 EM B
DHRL, KERDIFEG, B2 B LI BEINT R0 0 ThD, 2D O I8 H O fe il 72 4% Bk
ROTEHED FEATIC KV I/ 2> TS, TN 212 POS OHEELZIEE TidenicLA POD = POC
DORNE D RO A DL IEE LD, POE EHELWEMREND, BT LHE, R TOHTALEKIZHL T POE
DR ZHELE U720 AT BT LD T — XX LIELIE POS, POD X° POC TSN TET-,

HEEDL UL MR A R M CREBOTAREZ MG T 20 RTHefiflbasCAlaa oL
IZEoTEREND, HISTRN DT ADMEZ MR T 57O RIRBOEEIZLOILERDH S, ZDFE.
ERES S CELD R =T 4 IR G DT I A, RN R I BN LR AT DRIE R E\ o T-15 Y%
POS @ Ftfll CHAEIETEIRL/2W, POU (T2 _XTVMLE THAD/N—T 4 7 VA EATHITEN
— RN EL W, b EERHRISHL T, POU TREOHMEICE DIV ENEIRIET 572012
SO TR 72 L R DM FH SN D, FO VIS FOFaE RAITHIELVY POC DL~ LA BR$THZER,
flifbasz “TRER & AT T 2N — I TS, MilbasE i C T 520Nk as D R Fam b 03 ik
THb,

FER 7o OFRBIILL T CiimS oy, —mICER YES ISR SN IME DL~ L3 | (iR
SO ERAFEITITES /2, EWVWDZEZRIRT DR BIANRGEILIXIZ LA LU, B Bk, i
ERRYAF Dk ! Fiill b B Y &féﬁkf%é&ﬂ;ﬁﬁéhﬂ\é MEFE B O EHEY 7 o' 2 (SPC) X, POS
TOEEBHZMZ D59, POS & POU ([ZBITHHME DR —EIL TRl DL B[R O 7= D IR0
7259, Bz, g AT A 7‘5«;1@75 /ﬂ@btﬁ# 1%L BT AT X DK ﬂéﬁ%tﬁﬂbwé{tﬁm
RHEHRETHD, INOOEEEYERRT D722, #URR A R TOMAL(DEY POU Tk
(POUP)) XM EEL2 D,

FER— AT AN YE3 [T THHEHSIN TV D, 2007 #ilin—R~v 7Tt 45nm u&mﬂfﬁ%
PRAE OB AR LT, ;oﬁi@aﬁz% X T AL L — L DR LL 72 HE WD R 1 B 2 e a2 S 11X 4R
INTZZETHA), LnL, — T ARKICOT-HDWE IR T D08 rifziﬁfféﬁéﬁﬁﬁét?ﬂ@%it
EAE I, REPERBLERIR D S OIEARTe AR TIX, — BT ADKZHUIZ3 3 D BUE DM
FRAE 2B 2 2B 013, 45nm LI F AL b — )L TOEPEIT ST D20 O B T BN L2 oR
MR LTS, M7 i 28 23 B8 B & 70 D IR T ISR Bl e & IS eh LT, el 7 i 25 4% dn 0 aB o fliA b
DML EEIND, ERRICBIRLIZINIC, FitiZEi2% POUP Y POS HADE & & BVERBIMFELELT
FIHEND, ZORER, 2 YE3 X 2005 F RO RAEFESIND /—ROT-OIZF B S - B a7 doE

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



HEVHE 13

DELEHIRTABEELZIN TETWAN, BHEZESLT AR B ROAHER TEXAL DI OV TR
WTHbH,

FBEER AT ANZDONWTH, 2O B DEN BRI T o, T hbbxzyF o7 il K—vr 7 v
— P —HBREDRED TR THERE TS XVIEALH-DOITBIENTWAR RIZFET TH
Do — MR ALRERIZ, BLEE 18] AT 3 2R BAI72 IE S PE DS HERR SR WRY & YE3 OfEIFBLIRL <
NDOFEFELT, BUROFR YEZ O ADIEIZXT T HEEIT/ D720 RN RO E LV — ISkt T 5720
(ZBL IR D IR L L DF M EOE AL, Hl 21X ALD(R 8 R IR) D K578 7 m 2D § (213l
=SV TN EIRD, — MK NFHET RIZ B TSN R8BS TUHS,

2005 HEfR P — R~y 7 TIE 7 BB AT AR KOG 7 2B AHE N ET ET MR LR
L7z, WO DOE DM B OB BN )T D5t HI N B T 2R 2 FF o 7o Bl 2 ER LG 72, L
ML, EREZRMIL CZ T ANSONT- SPC LEZME T HIEHE T, BE, ko —F — Lt A—
T —OHEDORFE THERSILZ SEMI #%EDFFIE B S NHY . HACHRIRO “HI#H Flodbs” (ks
EFTHEOOIADOFEEEZER L TV,

“TETICHL” 7 a AR EEMIAG T oL VO RGENHH L WIE TR EMRIZOIZ LB Z i/ NRIZ T
HZEIZED HHNTA B EARHER AR Z T 2L TODM BN E O RIFRZECER 57 mt20
filHE D T REME A B HIGR 22 &lckh B L TED,

2 D AR BLYE D KA Y IS — R AT AR AT AD WA D 7= D5 7 & 2 46 (SPC) D 83k %
FEHEETWHEVIFEAROTAE R FI1L. BEIC SPC N AEFE I b AM B O L ITFIHEN TWDD,
IWVIERICRIRAENAZ LT 5, LWHZ LA /LTS, LasL, “HIH TR EL 24 LT EEY
(XA T 5, A EIE L, BEOBIFEFL POS TOMEIO D=0 D7 o ZHIEOF] A, 50
B REE TROLZENELEL ., mARVAEEICLS> TEHEETHLEVIZLEZRIBLTND, KAIDHE
fild, HEAR T o AO LB E S| EE T AREESEFICREN, AR~ 7eT aty Y — 0L,
SOREAF R I SIS BEKIEAL KBBR8 DR B 2T SN Y Th DA,

g — £ YE3IZ, o AAEBE I SN I T AL BRI A BRI S TN D, FEBR AT
D RN B PRI 72 AR L L7 TS, T X—=T 4 7 VL ~L O BT A Hf R Thy
TR LIRDIEDNRINTWD, ZIHD BEEMEIX, I &v = — LD/ S—F 0 7 VIR FE S E R B AR
IZHHEIREL T FEP BHAE T NV —TNEHE LT, Vx— N EOFETRMEMNSE N TND, BUE,
HIRF TR, RX—=T 4NV D7 Z— O R TL 65nm (IR X 72\, N—T 4 7NV A XG5 AR AR E T
HZEIZEY, KNSR —=T Y I NP A RXE TR =TI NVRE T HZENTED, LML, ZAUEfE
HENDT7ANEZV T DLV TEBESZITD, Fiax OILIZ 509 —D>OMIE EOFREIT, BIfE
DEZARARETH DL/ XN—T 47NV ETID KB THD,

IR O RT =F >  WTF A ERE EREICONT T AN, To— T ot 2AE RS 57
DIZEVEEIZRS>TECWD, iR ERNIIX 77— B LD EP RSN TEY, FOEHIZED
AFNEETHY, EOFEGLOPTENLNEEMWITHRHIND ATREMERHDLDNERLTHD, CMP
Lo X MO HENEMTHEEHIT, FE S5 3R k3 DM BRAE O BRAF 2 R D 5 0 3
NdHb, & YE3 21TV %D CVDIALD 7'V —H—IZB T DIEFHRLNEE TV, BoFHEEZNE
KT DB 1T K TH D, (- C, TV —W—DEkh At T4 e &L T#E LT, 7
VI—H—DRIZ, EOT VI —H =PRI DHM AT RO HLHEM L7200 ELTTHIENS
HROMEEIZETHIERZRMEL TWD, Eo 8T, — R AL D Wi 7Y —3
— AT HEE TRICHTHHEVEAENESE L0 DO THD,

—IRGR/FFHE X — — AT AD RPN D ERAEICBE L TR EE T O L ELNRW, V7T 7 1 —
TRTHEASNDERZCANIT AP OA KRB EY O 0.1ppb LU T OFHANZ IS T D8 HEE ) 25

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



14 HEVEE

Lo TND, m—F=y 7 T, BLRO ST FIEO K H FIRIZE - T, 2O 2007 F£0256
2010 Ei“(“fl/‘/*‘/“@’@%é?h“(b\éo

MZ T, R EL TT AT 2 L0 I T2 0B EZ TR T2EENTOR TS, RO

TIE, BRI OT LI ZHIRTAEENESNTZN, BEOMRRIIIT VT U RNESA WD,
ZAIThH, 2005 AR TP 50ppbv EVHTLT U OFRFE L, 1000ppby FCTREFISILZ, BURODEEFE O
FRAEIX, 7T R~y F 7 T R EE KX T AT RO HHHIEI S TW RN T LT Al
Ko THRDOLNDN, Ty F U 7SN ARRITK T 27 V3 OFEER 7 {1ERIL, 1000ppbv BL T D
LAULEN) T LT A,

IOV T 7 4—D X577 av 2 TlE, MR ED” &0 1 BIEH87 O mALKFE (B 21X Ce-Cao) 1
RINT-REIZEAEARE L LY ALY AY SO IR ERMEOREZ R T L0 LS
I EZTOTHETHDL LN, 722 VT val ZALNC L TOAEKEY) CTh->Th ., FILH )N 4
RMEHEFED DD THNITHEELEZLND, RIULFBA T, Yoxd o CF BB 2T L, IS
D ETCHHEEIZRDARENEZFF> TV, ENOE & EE CTRITT 572012, Y fEs R T2
ZE L CHE YR ER R A o TOMTERE IR ETHZENMETHD, M HIND FEILZ AMCOT-
D FELFELILTHBY . TD-GCMSCTD-GC/FID  IMS/2E Thb, ZnbD FEL - TH, HFLFITHE
BULED IEFIZTIANE =L TENLKAMERm DSBS, &0 FEDRILKESCmMEE R -7 % IE
MR TER WG A NS D, WAENT 7 H 35715 T, ]\7/7)@4%5&E'@—5 ENEETHD,
AR D RALKFZD T VEALTHE T HT-HIZAPIMSZ D Z &I R BEAYIC BETHIN, K&K
{EIKFITAF AT CTHEZZICIVEEEL CLEI-ORIENRKRETH S,

BRZSGONL % WAL, TD-GSIMS W RFEE 6 UL EOAETOEY—s%2 2 LAabEsT }:le%
W E e 1 5 22 Ry DR HER B TR IES N, ~F T T A A TSNS, 2O T ETH LN E
f IR CHY ATFEIEN Dy X RAEESNDIDL LRV, i E7e EE gL >, /)&Q:%m
Oy FIRAL K FIC IV E S ZBLZENTED,

R KRBT —RMICERBEEICEL TUIMOB LIV SOV L NV EFFR TE L RIZITIZOMEN
KMEE I TND, @G E: CDA RV T T7 41— @/\—/ﬁx\ KB CO2 A Ioxr 3D RS &
FNTND, @IGHEE?: CDA I T LHEA BSZMNCFICALIRTITZRW, £ ORE I T H M 722
PR BE (XM, o HT FIRIZE 7 — L — A KRR D AMC O HTERBETHY, &R -ORBRE, 7V 7
ENWZOWTIHBHAKTINCANT I 7T 20515, Flo, HEWICBEL TUIWENT 72 /HES 1L THD, B
DIODEGE T BB T EEE OKIEK Y 7 W 1E ICP-MS Ei2i3 A4 ra~hr o7 1— MO
BEIEX GC-MS)IZE ASNARFHZMBERERENGONDIINC, Yo 7T —IE R M+ 5. 200
¥£ IIACKFFZ BT 55D THY L LARE TH L7 BITEHE S $ﬁ*f€>ji{£75>tﬁiu\ oL U7 vEA

IHTICRET DL EZLE ST LB TS O LZ AN, SO2 SHTIIE UV 8o irZe & @R 7q
2“/74’/%/2&75)8%60

Bk 7 AZZBALT# YE3 Tl o F v U O — XU b, TRV v ar AN AP OO ENYLES
T&E, THUE, RSN ELO BN EINT A2 2 KRS 2N HIN2 7 B2 A DN TE
HAERRIR T HIEDTHD, /\—*7*47/1/{;;%”0)15:& WHE AL TAL DTS —DMTHOILTNRNIERR
POU D/ /X—T 47 VT 4V EDHNED 0 IR I TWNDTED  ROLERD LTV D AR O =B AL
ERZFDOEDDI)—=2 T T AL X7 IEFICE RO EOVHIETIE, TRV Y a il ENMEEE T2

HITHE D EICKVFIREE T O DT OENDEVIFEILTIH D3, Z DL~ )L EE L ETHL0L
LA BEMITHRBRMEOLDERIAE>TNEWNIZEL B X DHRETHD,

T ALK R AT AT 56 LT MU DR R HE A ST LG | MU DR E A2 SR L SHIET 2
DT NEENIRDETREND, Lip L ALEHNTTE R BRI A 2 5L POS DOffiEZ POP ~D

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



HEVHE 15

G R RIS DT o THERF T2 L WO FEF IO R RN R D B35, HEAb KSR D 5 728 I Rk
HAIX POS IZBIT LM EHI T m' 2HIHE(SPC)D =D DI YD KR D —D LI B12 A9,

FrHIHH — 7oA THEASNAEH MBI ORITETET ML TR, ZO RIS 235
BILIERICEHE > LAEA) FTRE BB LI, CMP A7V —  {K/E BRI E, CVD RCE A
X2 ETOT VI —H—EF, Cu, Ta Vo 7o N T IEOE BN LY 7R EE BN 955
RAF L VIR LSRR SIL TRV, Z L TINODOMELO 2 IEFE YET I3 STy,
KT O ATHEHASNDEER 7V — —OREEFIZELALNC LI E LI ORAIL, 0
DA R EEHOREN TS, (Vo752 #R)

A 7Y 71— 3 — 13K R 22K, mRICHER IR Th D, POS 2 OF v N —(KS#) £ T
DR T o ACh AL E A FVERICE S TEETHD, ZNHDU AT AW T, DG
\ZEDHEERG 10N —T A7 AR D3 A N T D701, FEF T @bl 2l 26 T A /N —
HADM AN UIRUIZTERSIND, ISHAICHALERIL, — AT ADHIE L AT LB W T, T RICE
FENDN—T TN, WFE ., KT DIIREE DN FERERETDHIEDIHE S TE, Lol
POU (BT DMt g 3 BF ST IS NS L FRICIER ICIRE IS B B7E Ykl ~ v s Bi7p 7' m
TART Y FICEREINDRFER T AD T D POU flifbaszFH LIV EW) 2 —HF =R HTLD, 2hb
® POU MlifbasiZ b 5 Y% IEH 2B R TRHKL ~ L (~ppt) E TR ETHZENTE KFTHIART
NI R TH D, ZhHD POU HMifbERIZ 7T B EAT v /3 — AD O O FICERE TED
DT ALFRITHI b, AT 7 v AT A% LT/ NRO D58 & i/ NR O 75 Y R AET D,

TNODOMEI  F i OB R AT - T R R CRLES N TWAZ LRI T A0 F -7l E
B0 5 2 58 B DR N LB TH D, BAEE Z DN TWAEEE B E (7Y 1 — Y —) DR O &
133 YE3 DI DIHEHE & 7V — W — g — E AR E SN TWA,

Table YE3 Technology Requirements for Wafer Environmental Contamination Control

A, AT, FEEATT

2011 FFhRELU CLARTLVIEERS VR A, 08T, R i 2 E %K T 5, LLRTOR S HilX, A ORE
TNZRESN TNV, REOEHZ M EOBERIFIE VIS BIZEHL TWab, 1z 1X"More than Moore”
WIS LT O A7 6T NU—2 L I ha =g AR AT ke =J A MEMS ~D a7 Thsd, B
A 8T B AT, TR TN =D TR B L BRI ANDLE N DD, 205 &P O K
7R HE 2010/2011 4EIZIREZ T2, Table SRR AL 2013 HARICFLHSND TE TH D,

WRVICEBE B X DR EO T O ATRAETDHRME . AV T4 THRIHNTEXDB NI ERFDLIEN, X
MaRR A ICXI T D8 — DERTHD, 7o AOM IR ERE O LT OREERE, ZL TEEDORK X
P27 = — RIS L CALERRE F 2 1) B ST Z &k, KREEH H HF o &P 295 KT HZ L2 &bk
U, oA m S AVEREE ) M) E O NE S WO RO THEMEZ RIS X T 2 A 155 L BT 5,
P EDIHRBRIZETETEHEILR>TODEN, TOEREL T, KREEBE~OZEOKEIZRA
I KD FEGFDHT-0OIT, MUK MR A EZ O T2 27 e A 2 D85 0 B i & & e
T DI TETNDILERDH S,

T ADOBARNLEEOR T = — Rk LIZEREE FF O E N, ST A AA—J (IDM) IZ%f
L Cl b e I c i S 2 T UiE b7, Vb 7 o ADOFFER 36 1S RS E 1T LD AR o
T NA AW INEAZINDDIZHATL TR LEZINTWD, FHEON EIF O 7 2 — X TR E
BENGEDLEr A ANl TE TV T bewn, &EMIC, ot oflE et 2o i
WEE=HAV T TELRAID, MW R EVICET LR T ELRD,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



16 HEYuE

HIRREIZ, 3SODERNIN—L TNDE=—XIIRINTWND: a) "\ F— (U — " RAELE v —
LA, b) /o E =T — R v afRE, Ty URAE, Ty UKL E 2 —; £ L Te) KIfaLE
2— K OADC (BEVKRIGDHE) . TR BEANE MR AT AR GTEIAEET D201, TreA K
WIEE T =X T CEXDR NI R ED L EEIIND, S/ — T =— KR, EEONE
BEIRE T ORERB A B EL TIEIAKHWLIN TV, 2N 5 O KA D% I, FRIRFREMNT D712
BT TLE 2—Z21T908, THLOICK L CII R BB ENT YL oV ERIEHEL TERSTND, 20D
EEBIC, BMEEBEASOBHELEEENE T TS, HBEVICEAL T2 — "Ly V0
BRELBOEEET, Vo= "EHESCNVLVOBREIZBWTH, Vo — 2fE Tl H T&5 XL e
2 — NIRRT, @B ZE (HARD KMRAE, EREL TUINY —V OREEIDO L TERINDT A
ARIRNEDR 3 LLEOEEMNO KEREL, SN KEE R T 5N TE 2ok H@icmlL v
LHESNDHE B — 2R E CRENTHOND,

FEARPEOOEDEL T, ML WKEGE (MEESNDKRIG) 2R T2ERFEToND, EDH,
SNILIZ T R TORMRAIEEICES T, BEREMELRD, ZEOBEWO N K EER T, EA
R E a— A2 B I o THM LI W R Ma N 72 372 s o b7l > TETLEV, KA s
BOMENS FA>TLEI, TDO LT, JARXOFNLEEREH T REKM (DOI) 24 RIS BT 5
L, IAThbNAL E 2a— DAL —T v Dh xR el 5,

U IRB =27 2 — NN BT DR FATTE BT, AR ERO IR FEL CWD, 2, To—
HEO KM HEOBRIZIZY = — "EHI S ZIpx—a OB R AL - O X7 N e E
N5, 2O x— NBEICETAERIERIL, V7 I7740BOHERD Table (2d5, £/2FEEIC, &
[FEEASNT, A EZIL A OREEIFHEOARICLbh T\,

IZH KON D RMEE—RPREEE CRIHTHZENRMTELER>TND, RARWKIE (RERD Y5
B FVE TR TEZRWKIRE) ISt T 521 OB IZHOWTH, BB —AF T2 7= T oo 36
JEREGDOE THLEENEESTETCND, ElORKF-DOKRIEITRE FONMEIZIFEL, T3 AD it
R I LI CERWRESEFF O H D, 5O ZID D K MO 3 R & i/ HED EFK I
BHREIZ 22> TR, DRI T A AEREICE RN B LTI, TniE7erhm 7 e
TR (B2 NBALIEIE 7 a2 ALLFT O 7 2 R) [ZH /Ny 7 2 R TO T v RCH [RRICE B L K IF
T, T LT THESNDIOIRT 7I/ur O REREEZ2SHED, Ve — " DOJRWFEIRIZ L K
ET~raREn RKEEENDTENH- TUIRHR, v Z7aBEDAF ¥ A —R L, T TOHFiH:
RIZBWT, (BMERMEZEAT) VYT T7 4OERFE S, FFIZIZ CMP OEREENIZAET 5L,
S AP =V A WA B N = VAN SV AN

— 07 KT N R A= T AR RO T ARV D) AT B RET D20 Ay IR E D
HEMRAEZITON, TIUTH DDA B/ONDLFGRED T U AE DI ENEE Th D, K MR L E
DG AN EA EFE, T L TLFREE /7Y CoO (Cost of Ownership) (C#E FEAREFETH D, BILE,
Co0 DEEDT=D ZL D YR T INA A A= TN NEINIR Y TV T HBREL TREEE AR E T HICE
EEDRILET D, B DB IR A e KIR & O 5721, FEIc R E(b L=y 7V 7T LT R
LARUETHD, fHRMIZZ T ANLND CoO ZADHIZIL, EHMEOHIMEL L EEHEHTXS
FORE LA —T RO ENMEERD, HUR R, RAEKE XA LT 25000 MK T LE
LT BHE, FOMEED Co0 X EF L., FERKT NARAA=TNIESITENR Y TV T LN TES, fE R
ELTHEVBEROVRIZ N EED, F0 M EOEENME T35,

TableYE4 & YE5 ZLC YE6 IZ/R T MARE ZREIX, 7 AN 2 — "HAWEIKRIEHY = — N B
BATLTIZARIVAT L T 7 v 7 A (PSL) ERICxE 3 D8k I E CTHIE T 5, Ll il E X7 72 A H
HOMINZHET DRI T HRHEET) CREMSNADZEN L, ZD LS 72 K Ma L & fif 14 o B
FENFREMH->THRE T2, ZODRMICIZ NS—T 47V By MRORZ— MG KR, ATV F
WEENTND, o, FEA 2 TRIZB W T A e RaX A7 B2 TETRY, KBIWIITH IHO KGR
THEZ T 5720 BRI = — EBTHIENRH LR TND,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



HEVHE 17

Table YE4 Defect Inspection on Pattern Wafer Technology Requirements

Table YES Defect Inspection on Unpatterned Wafers: Macro, and Bevel Inspection Technology
Requirements

Table YE6 Defect Review and Automated Defect Classification Technology Requirements
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SUBSTRATE ISTRATE LOCATION
Agply to ; Apply 10
VAFER TRANSPOR'
New FOUP Off line AMC measurement in laboratory ] Yes No Yes No No
g g/
contamination _Onil'le AMC measurement inside FOUP Yos No Yeb Yes ik
in fab
Off line AMC measurement in laboratory | Yes No Yes No No
Used FOUP
outgassing / 5 i 23
contamination i(:r:: AN meas ramen iraide FOME: Yes No Yes Yes Yes
{no wafer
inside)
Vacuum purge and heating Yes No Yes No No
thne AMC measurement inside FOUP Yes No Yes No Yes
in fab
Integrated AMC measurement inside Yes No No Yes No
load port
Vacuum purge : outgass the FOUP with
wafers under vacuum and il itwith N2 | Yo | Ne | Yes | No Yes
Cross
contamination |N2 purge station ; injection of N2 inside
on wafer inside| FOUP with wafer Ves Na Yeo Na Yoo
FOUP (e.g
acids after dry
etch, oxygen or|N2 purge station integrated in stocker
humidity  |injection of N2 inside FOUP with waters | Ye5 | Ne | Yes No Mo
before epi)
FOUP change : transfer the wafers in a
dean FOUP during q-time Yes | No | Yoz No Yos
Purgeable load port : injection of N2
when the FOUP is connected to the Yes No No Yes No
EFEM
out ing chamber integrated in
F Yes No No Yes No
process equipement

Figure YE2  Potential Solutions: Wafer FOUP contamination measurement and control

First Year of IC Production 2011|2012 | 2013 | 2014 | 2015 | 2016 |2017| 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

(e.g. DRAM 1/2 Pitch) 40nm | 36nm | 320m | 280m | 25nm | 22.50m | 200m | 17.90m | 15.90m | 14.20m | 12.60m [ 11.30m | 100m | 8.90m | 20252026

GENERAL

Fluid purity impact on device yield / performance

Contaminant based process control

AIR/AMC

On-line monitor for AMC contaminants - Refractory Compounds

;‘Jnijl-i:;r:drgg;;l;;forAMCoonwmfnants-Ba%aes-lmpfmment%d ///////f//////////////////://
&Eﬁnr:gonftorrorAMCoontam.mants-Amds—Beyondcc.nrrosnon / // // / /// //% // // / /j / %
Sg{;?;;r;gﬁgggﬁmcoontam.lnants-()cndensabl%-ijlgh molecular / / // / //// // // // // / / / /
Egﬁr:g-ggg;r;grd:I\HCoomammants-allclasses-rasmcledmlumes 7///////////////////%//
E}e;;ﬂﬁzin:nelnsélzigmergency response procedures and measures for ///////////’///////////////
Verification for AMC limits relative to process excursions or yield events / / / / / // / // // /// // // / // / /

Reduced cost of ownership for AMC control ¢/ G4 75 // // % // ? i //
Ultra Pure Water

foaar;f;c;';netrobogy needed to keep pace with criical dimension in the ; / // / // //%// // // / // /%

Particle filtration performance validation
Correlation of specifc organic functional groupings to wafer defects via
Failure Mode and Effect Analysis

éa
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Figure YE3  Potential Solutions for Wafer Environmental Contamination Control

First Year of IC Production 2011|2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 2022 | 2023 | 2024

(e.g. DRAM 1/2 Pitch) 40nm | 36nm | 32nm | 28nm | 25nm | 22.5nm | 20nm | 17.9nm | 15.9nm | 14.2nm | 12.6nm | 11.3nm | 10nm | &.9nm 2025) 2026

CHEMICALS

Development of sub 65 nm particle counter

Filtration 0.02/0.04 pm with high flux (1 gpm/0.5 psif10"1cP)
Filtration sub 0.02 pm with higher flux

f-i e
Reduced pressure fluctuations by improved BCD system performance [’// Z 7 I'/ V 7 :‘7
and by better pressure and flow control ///////%
Improved blend accuracy taking into account incoming chemical
concentration changes (closed loop control capability) / / / / /
improved metrology for concentration measurements G s s i
Improved flow capacity for piping components ////‘ V2 ///// v ﬂ/
Improved connection technology (reduce leakages) AT

Higher purity resins (metals, organics, anions, cations, surface / / / / /
smoothness, permeability)

Particle characterization to identify source of contamination
Anion & cation measurement in process chemicals, e.g. cleaning
chemicals

Organic measurement (TOC and speciation) in process chemicals, e.g. |
H202 IPA

Contaminant characterization in CMP slurries, e.g. zeta potential, large
particle size

Onvline contaminant and constituent measurement in plating chemicals, |
le.g. copper sulfate, organic additives

PRECURSORS

Particle measurement for precursors

Other analyzer techniques for precursors (precursor specific
contaminants, see supplementary table)

GASES

Development of statistically process controlied (SPC) based
specifications for critical specialty gases |
Bulk gas purity requirements, specifically of carrier and purge gases for |
moisture sensitive materials

Blending accuracy for low concentrations of dopant mixtures

This legend indicates the time during which devel and qualification/pre-production should be taking place for the solution.
Research Required
Development Underway |
Qualdication / Pre-Production

Continuous Improvement W

Figure YE3  Potential Solutions for Wafer Environmental Contamination Control (continued)

A& 4T, R

NP — U ET 2= R A~OBERFIA T, 5% UIESILEEUE 5 (nuisance signal) D NS R [a %
BT AMEE RRTAZILETHD, ZHUE. EmAL—T N FCRIEEAEA R BR AR,
BNH BT EBHEOBIZa— R~y T PNER T HEE CHLBEEINADUBRRE N1 &K T 5 4121, K&
Hilfo7 v —0 20 —RWUETHD, @7 AXIMNEOREIL, A& — /LD COO BE\W DT, FHA
N—F YR T CEWVBRERBEZGLIFENROONTND, ZOEITIL, JAZXSKRME B2 ETF 0B
#5$ﬁﬂg’&6 BT RAX =R H LRI T T T e T AOE NIL, Ve— K
WAL R SR O E AR T A REME N D, L= T, R B I ORER A O H S &
HWThD,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



BEVHE 21

First Year of IC Production 201 012 2013 2014 M5 2016 0m7 2018 2m9 2020 2021 2022 2023 2024

Pattern Wafer Inspection
High sensitivity at high throughput
High signal to noise ratio

High Aspect Ratio Inspection
High sensitivity at high throughput
High signal to noise ratio

Detection of volatile and
non-volatile organic

surface contamination
laboratory scale quantification
and qualification
development of in line method
in line monitoring

This legend indicates the time during which , dev t, and qualificatic P should be taking place for the solution.
Research Required

Development Underway _

Qualification / Pre-Production -

Continuou s Improvement m

Figure YE4  Potential Solutions for Characterization, Inspection and Analysis
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