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Figure YEI  Yield Enhancement Scope
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Table YEI Definitions for the Different Interface Points

STEEDTZ, ZDF
DOEDDIETHD, R T D57

PITND,

POS POD POC POE POU por
Delivery Point Submain or
of Gas/Chemical Outl.e%‘ 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 g ' 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 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 Inl.et of Wet'bench Inlet of wet bench ' '
. drum/tote/bulk of chemical or intermediate Wafer in production
chemicals L . VMB valve bath or spray nozzle
supply distribution unit tank
Specialty El?lskcsylcl:clfael{c or Outlet of final filtration | Outlet of Inlet of equipment Inlet of chamber Wafer in production
gases P Y of gas cabinet VMB valve quip (outlet of MFC) p
gas systems
Outlet of
Bulk gas ) . .
. . 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 of entry =~ POU—point of use =~ POP—point of process VMB— valve

manifoldbox

VMP—valve manifold post UPW—ultra pure water MFC—mass flow controller

SMC—surface molecular contamination
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Other topics challenging the Yield Enhancement community are prioritized as follows in the near term:
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Table YE?2

Yield Enhancement Difficult Challenges

Difficult Challenges 2013-2020

Summary of Issues

It is a challenge to detect multiple killer defect
types and to differentiate them simultaneously at
high capture rates, low cost of ownership and high
throughput. Furthermore, it is a dare to identify
yield relevant defects under a vast amount of
nuisance and false defects.

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

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

e Detection of line roughness due to process variation.

e  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.

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

. Where does process variation stop and defect start?

Process Stability vs. Absolute Contamination Level
— This includes the correlation to yield test
structures, methods and data that are needed for
correlating defects caused by wafer environment and
handling to 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 the 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 numbers of vectors
necessary for the logic diagnosis to converge.

¢) 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 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.

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

Difficult Challenges Beyond 2020

Summary of Issues

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. 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
assessment should include each technique’s ultimate
resolution, throughput and potential interactions
with samples (contamination, or degree of
mechanical damage) as key success criteria.

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.
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Table YE?2 Yield Enhancement Difficult Challenges

Difficult Challenges 2013-2020 Summary of Issues

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.
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Table YE3 Technology Requirements for Wafer Environmental Contamination Control
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Table YE4 — AMC Monitoring Methods

Table YE4a Supporting Table for On-line Methods
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DMBVEN, 7 — T T D TREENSIBERENIENDZEZWL T 2O ICELICHES N TWA, HiLn
Tt A ZxH AMC OREIZEL T \#«T@7u«kx4/7&v~yay@ﬁmﬁ Y o DAY
N D,

BERNSR NS TWRN, K5IC EUV DXHRIY T IT7 478 O )7 Tld, HEBIC LA Kb asSh
Do

TREEA) CHB 7225, G T A NZTEAIILTWADENY ZEE RN R TEBE=0, il 21X kDY
ITTGT4—DY AT MIBEZEWHZ VLT HD T, 7)—2 b —ABREDOH 7278 AMC #lf#Z2 18045
FO7eZ LIRSV, LI LD, 5% EHEZRFTL COAILE WL, ZEE N THfE 2 225
EN—U AL DB 2T HZEN ML/ D, EERAMY) OFEMR ERITIROV 7 ITHESILTHD
Do AMC definitions.

BOEBERHETHAIV I TT7 40— TR LT, WO O MBI E LR OB YE3 (2
Ny

1) EwOHELWDESRE L, \BERE=SICEo TFONTWAIY I I7 41— TRRIZE > TRESND,
YE7 OFHMEIL, ENEILE 2 OERERIEEISEASINDZERORIEZ KL TWD, ZZTldsr
W RO AR N EE THY, T OEEIBREFIE = CHifEI N7 TUIRBAR0, POP (2
B T+0.03K UL F OB BSHERFSLD,

2) Lo LFE, A/ BB EEON v Z7IZB WL, LY ANMIH TR ELTIREEEHEEF 572012
T EE L FE OB I IRFES N7 < TIRZR B2,

3) REEAE)E, BBURNRELRE THRRLBIZERBDIZDOIC, ATy N —AKRLY 2 — T —
VAN TLROTNELELSELD TAT /= HRICL> THOERETHLH, A7 v/ —IdiiE
EEERICLET HETIHRERELELTD, .

4) BIOEFELRTRMIT, U —V — H(EXRDOEEITIRELEEICL > TEDD)ITEEFEL TS EH
BEEL TN EELRDFHAC > TR EENS,

R X D H T O BT A5 P O R FE &V DL EMEITE AU E EHETIIR, ZoMmoXIkick

WTHE, IRE LR EOZENIZIEERLWHIR THIE 32 M BIX N2 A9, 287720, REOA

IREAL TR BN B A B %R 5 2 56 Th D, DARIC - Tik, 15O O il fHl &2 A1 B

ﬁ“é TREA R EIC T HEILIT, 2V — 2 b — A A R A7 0 | C B A & I B GEH IR O RR A
BEZIPNEVIEREZL TNDHEZALDH D,

INHDARITIEE T HEEETHY ., REMEITEWEF CREIENTED, D LFF O F~—
XD EIRENT 19.5 005 24°C ., FARHEE X 35 05 48% DEZ R L TWVD, ZiIZ iﬁfﬁﬂﬁr%ﬁm
TOLRDDIEERND DD, IEE OB EAE TP E - RS, ZLTERICHEI =R —{HE

WTRIRE AL A, FHGHEEE O 38 IR B 12 B T A B A0 S 1 féﬁ%ﬁ%%%ﬁ%tﬂ%%ﬁi
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ZERL CTRESILD, AMC 7402 —DREIHIR K AF T 5, AMC I BT 5 R AL R IZIR
FE A IS L B2 7 e RIS VY 7 T T 4~ D TF o~ L — P — DR B FT BB, BT E 7Y
= AT 7T 77 T IR EIIL TV A5G ThD,

21.1. 2013 fEDK YEIHBRERE

# YE3 OWFT T, BENRYVz— "REBLO~YAZEE, = 70— (FOUP, LF7LRyR) &
EBELTND, ZV—2 =LA, (X7 D) 72— "BIOVAZREESCT 70—V v DR &
b T 2EDFEBEOREa M —EICEED T, UANMIE TN 2 D7 0t AKX 5T, 7) Vg
JL— LB OE R, EE N B . FOUP, LF 7 LRy REIIART ORE B iE D ARy 712551 THRe
WL TS, Z)—2 b — AR IX VT A e T at AAT w7~ POE SALEHT S, 7)74731»
7at AT AMC BIEBIOME O 7= OIS0 EMRIR N ESN5E L Th, A CR BREEH il
FTHZENE RIS, FOUP ROV F VLR ROWNEBREA Ny 71X, 7V — v — LBRE DTG YR %2
BT DT TR IEER BRI OT IR ARLHNEEIZ T LTz AMC OFFERICHRURF T 5, £
DA DO ST UL FITRT,

o MHFEIZHIRLLTWEIIC, ZU— b — AL a T ) (FOUP L F 7 LRy R) DAy 71X
TavAX T EIIHFRELT,

o 2011 FE|TITo723 YE3 @ AMC Ay 7DUGETIX, 7ar b RofdE St iFZepkRe . Ko
DIEH., KaEARFIZBET 28 HIE RO MR RISV TN D,

o AMC AXwZ7DO—ETix, HEERETEHEMA T EAZEEL CFRINDM BT E O FEE
D FEYE B 72 P R I R RO AL BRI RS B 1T B 7 U — L I — B D Ay 7 4T = — N L T 7 )L B B A3y
Da e Llca B ML HETEA ZEZR EL TV 5,
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Example of Tabulated Values in Table YE3:

Gate/Furnace Area Wafer Environment (Cleanroom FOUP Ambient/Tool Ambient)

Total Metals [A] (E+10) < 10 atm/cm?/week
Dopants [B] (E+10, front end of line only) < 10 atm/cm?/week
Volatile Organics (w/ CGMS retention times > benzene, calibrated to hexadecane) [C] 20,000

Gate/Furnace Area Wafer Environment ( FOUP Inside)

Total Metals [A] (E+10) < 0.5 atm/cm?
Dopants [B] (E+10, front end of line only) < 0.5 atm/cm?
Volatile Organics (w/ CGMS retention times > benzene, calibrated to hexadecane) [C] 20,000
SMC organics on wafers, ng/cm?/day [D] NA
Total SM on wafer, E+10 atoms/cm?/day < 0.5 atm/cm?

SMC--surface molecular condensable, SM--surface metals

[A] Detection of metals at the levels indicated will be dependent on sampling time and flow rate. Sticking Coefficients vary widely for
metals. It is generally believed that Cu has a sticking coefficient 10x of other metals, and therefore the guideline for Cu could be lower.

[B] Includes P, B, As, Sb

[C] Ideally, continuous monitoring using online instrumentation would be preferred when practical since this can give both long term
averages and catch excursions. When online monitoring is not available, an average grab sample for at least 4 hours, and not more
than 24 hours is recommended, to get an average, increase sensitivity of the analysis, and avoid short term transient effects

[D] SMC Organics: Single wafer shall be oxidized to make organic-free, then wafer shall be exposed for 24 hours and top side analyzed
by TD-GC-MS with 400°C thermal desorption, and quantitation based on hexadecane external standard. TIC response factor per SEMI
MF 1982-1103 (formerly ASTM 1982-99).[4] Limits determined by above method are a guideline for many organics. Note higher limits
can be used for process wafers oxidized or cleaned prior to subsequent process step. Processes such as gate oxide formation, or
polysilicon deposition, may be more sensitive to organics, especially high boilers such as DOP. Silicon nitride nucleation may also be
more sensitive than above for some processes. Please note dopants requirement is covered in earlier section. Contamination levels are
time based, and samples should be exposed for a weeks time for better sensitivity; ng/cm2/week. Total contamination level on
reticles that cause problems also vary with energy exposure. These guidelines subject to change with new data currently being
generated.

#K YE3 DI E—E DR (7 mt X JF/BPE) . 7)) — 2 )— LB EH O AMC A~X> 271X, FOUP A
D7 2 — N BEICHEREI LD AMC Ay 7 LFEtan s, —EDfEIL, 7o b FoRLEIZBITS
R G AT SN FERE B DO FE A 2 BRR E S LTS,

£ YE3 OHLWIHHE K02 =RV FIVEBRE P OKGy DR B2 SRS 5L, [Cu 288 ) TH
HHEEL TR ZIBIMEALZ,

21.2. TI7IN—AVTIT—Ta ilBHELEHFLOVRH o FIEER(AMC)RE Yy 7 2

(AMC DFEA L7 #L&)+

FOUP [I7 B REENORO T O RIEE~TIETD 25 HHOT=— ORE | #REEZTDHZHD
TFIAF IR CH D, AR 2. = — N F FOUP N THID & 2D LA iz AL LT
BT DR EEME B D, fEHREL T, FOUP W CORIBEERAHFEIED AMC BEIZ7)—2 L — A0
LM ELIRDEENDH D,

FOUP | FOUP HAROHET mv AL RO, (FRSNTZT2— IPORAETDH AMC W5
THAREME N HDHD TIHYLIE L 72095, AMC EZR D KEIZ FOUP O34T AMBEE /2 D15 Y & bk
D LR E R OMA B DLEDRERTHD, W< OO KRNI FE EIRE ORICEEL T\, &
DOFER, FOUP NG G ORI E EHEIL IDM &7 72 ) — D AR 72 i E TH 5,
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BB I ORMEY = — ~NEFR 5 7159 (SMC) E R 72 R 2 65 XD D DI WL TV D, &
R VB 0 T ORRTAE/cm2 ELTERIIND, Bkx 720010 SMC 225D AMC IR0
£ (5 #E3R) I3 SURRICFER SN CTRY,, b2 BT L s, V=— 1 ETRm KL/ "l aElE
DD AMC (IR E LW E —EOWGA ERFEIZKFL TV D, —fi%aY72 SMC & AMC O BIfRAA LA
TIZRT, C =N/ (sxVxt), CITZEK T D AMC IR, NIV =— D SMC REE, s [T &R, VIX
AMC DY EZ LT t I(XRERREITH D, YE3 FiX FOUP WIZ 24 BB IR 5 A DO HEES L
AMC JEFE ppt(v) ZRLTWD, KDEWIRBERFF OB AL, AMC EBE X RO SOHESNS, Z0
KO BEMBEFREND, 228 OFF R E N OIRFERFF CLOEWIEE R L TV D, (175 e 38 1108 52 IF
MAEI S ITITEMICIT—ETIIR, 207 7a—F % Lt o o @ g7 B A28 L2 Lol
LB a M E b LN —2ar ThAGEMII SR TR D528 kD),

B _E(YE)Z V—7 1%, FOUP /G Y- IZBAFR L7- H 72 DRIV LA TRY | MR IR M 2 R LT85T
LWEERRL WS, 777N — AT —2 a3 ANV EA L, T A0 ER] NS
BE G T R TOTREAT7a— IR ALL TWD, FEREL T, FOUP N4 R E &l DR A 1X
YE & FI OflO— 77 a2 7 e L TR b T, ZO— R EFOHOF T, FI TV A7 %
A LEZN—T MBI L TENE ORI R Al DA 20k 2 5l 3 5 % ) &2 £ > T\ b, FOUP ZU—=
> 71X FOUP DOJEYL B2 = — " EDO AT ADY FOUP MO FLIC AV IAT e 7= L 2515 Y 2 (KI5
THEOEETHDH, ZIUTILRROMEW FOUP 2 3528, L@ WEE T35, AR A
A1 FOUP i a1 1o Z &I LR Tx 5,

2011 R TIE, YE X LA F O F 5 = {HO MR R 2 E 5 LT,
o _HLVFOUP HD LA A

o -EPEF®D FOUP D BHD WL H A

e -FOUPHNTOUz— LD raRaHIp— g9

2.1.3. 450mm (ZBEEDF LV AMC FE Y7

450mm V= — \OHW T 1xnm TV =J)V ) —ROAEFEIZBNT, 7V — b — AR LT = — RO E
FLIRIG YR IE A7 (CCCS) IZDNWTWKONE[ET RE RN HDH, 300mm 7= — )5 450mm ¥V
—NASDEFEDOBATIIT = — R H 00T I T v b, DFEVaxMcHitEsND, SREEFVOK T
BAED 300mm T4 KVAEFEMENELRDHZEICEY 450mm DEFET AL D RIKEIIRT UM v M2
T 5, fE R, BRF R TU 2 — O ERED I E RIZR 5 LR E SR TIX 450mm OFEIZ
BOTHEX N RICEET D,

72— L~ DVE I ARy 713V 7 1xnm /—RIZBWTO 450mm Vz— 1 DOEOTFHIEL TH
BINRT TSR0, BIIED I N bt = — LB R EE K& N RU 7 i PRIA T
O EICET5ENENOERDEZ BN T NIERER0, ZRODERNLIU—2 L — LEBRBLE
U — NBREED %D CCCS ITHERSN DM ERH D,

450mm V= —NTOY T Inm Fy 7 BIEDTZO OIGGERL IEAy 71X, —EHILHEMN , — oIS
MEHZ XD EBEIND, OFEIIET = — YA XEFRER X RN DHEE SN DI IV EIND,
BAED 300mm ¥V = —/NTOD 28nm /— RO RKEAFE (HVM) D HD /T NTIZHADN T, ZDOERITHL
TOEZO T, BELIEREOVNOANy VEREBTHIENTED, 7V — 2 /b —AREL LR LT
DLETE LTz ARy 713 ke U7 Bl cle B EREARAO 72205 Yl i (B o &) > — L L UL TO KR I KD #E
B pzenT&ED, 7V—2 )L — AL~ L TORBIICIE R DAy 7O fI%, IRDEBY THD,
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WH — = — YA XDL Lo LIINTH Y — /L OREEIT LY K& FIYEDIR T, L3R 8 3 o
WD DT 2= NN R ZIZEAL TRAR T v L o U BB E 725, ZO b (RIS REAR A 1% AL
L2RT R Y — VEMEIZ R I T I RPN DV A7 @b DAl REMENN S D, LU EEIEL 450mm D
EFEIXY — LSV TT 7T 4 7 RENH N LD R — b SN2 IRE A (VC-D) I KBl E S 7-7 ) —
VIV — AT A RBIC/R D E R BN TV D,

=T AT NBGE — T A AEEONE/NEEOITHIE T N E =T 4 7 VEEDHE N T HENITT /LCE
MO HT, 450mm T = — OEATENEIB STV D7 — 2 b — KB EE (1IS014644-1 TOU T A 4
or 5) . I=T U NABRANTTAL) DX 70/ —T 4 7 WG TS DS 7 B R ITIE & A SR 2
W RFEEMIIRET v — Y O KICHSW 2 ESA (5 77) 3 K35 XCDA(RF7A4 =7 —) N2
1285 FOUP N — U g A E SN D EW) TAIZFE S W TFEIEL T A5,
COOFMEHDOAL HIFR— A NIK T DR LAy Z1E, EIZ 450mm EFER AR IC PRSI ND T =
T ) —RIZEDTFHRTHIENTES,
ESD—ESD ({#EXLE) ICIVB RSN K MEERIET 570 D FERIL, T4 MEOW/D EFIZLVEL
272 TV, =IO T 7T 47 2% R IZ K-> THAR—FENDHTH A,
EMI (BRET¥) — BT HITL0EBIRSIVIEELZBEA RSN, ZAUXEICY 7 Inm /—R T
DEEf#rE TEMS INAEFEY — L &7 DLW W LA MER 72 A BE B D IRITZ D K572 EMI UK 72
— VST DRE N 2 BT D RE LV I NE TOERIZEEL TV 5,
AMC—AMC O & k2 72 — VAR THDOAR =R F LY = — DS FO~O R U E %
FOZLIH L TOERDEAIT, a2 Z3IHET T VO HE L RITHB EVEER T8 \WEE %
L5 TIE T THDH, BERLL T o RTH L TO AMC 22 ha— )LOEEIL, 7V —2 L —ABREED
BARTRWa L I g — g3 RIS LT Y — LMl 2 BV TR WM 2 DAL TSI k&L
D, TN, V= LRI EFES L AMC %fﬁﬂ@w/&—7i4’x&%§u\%ﬂ%%:‘zﬁﬁfzb, C/R
I NRAB AN G T ALV RREEEV T ZEICBZE T UL, Zhudr) —r b — ABR BEAE
OREFINZ D2 NND,
Tx— D AMC A EETHIE, b LB AAE — R RT 2 — YA LB TR — LT v
LW nlE . — AR B Sl Tid <, 450mm V= — N ~ETARIEICEELZY 2 — " ~DFR
— A BINEY AT B R 525, BIfFf WECC Z Vv —71XZ O R0 FHHEY — VL Tb A B
ENDHZLEEFRL CND, T B AR —ROEBIIT 2 — NP A XD EBETH B A= T RN
725 WECC 1Zxf LT AMC §lfElO[RAZIRIE T HI2DE=F —SNDLERH D,

21.4. AMC iZBIFBAFTFTAF—LOMEERICEELZFHF LY AMC Y7 X

KEAAA T AT —FZFHFBELXMEBICLDL A—TR0, Vo= RV R ~DOEE =T 4 7 VD51 %5
T S5,

AFF AP —DEIRTF v T EERENT-AA 1T Si. S, P. B, ClL. Sn (b T nm S A XD/ —F
U NEERT AR ETLEEL D AMC EMAERL, ZL Ty EmICHEEWE LR, L TA4 A
W—DAF L NRTGURERT AT T AT =2 ESED, ZOHRITENTIEHLHLOD, HLEZ VIR
HREWIX 193nm VY7 T97 44—V — )b L—H— BEY—/L, GEXEEFEHEBERL-ZTRLE—LD
MAEAERIZIVAT T A —DOF o7 LI TRGEICIs It o R @Ik L THHEFE T 5, 20
WLIETRAF =L R THIENTEAEED AMC OFEICH L TEENLETHD, ZOLEWIL
R, v AT A MO Rm I UL 525, A4 T A —F T OHEREY) O 43 11X
EABRITLHZDRKREAHFITAFIEL TWDDOERL, JAMHEROZOILFREMICKIL, (5RILFEDOREIC
IO AEREIEH T FIEORRETIDLIENTED, ZOFEFBREARETHLMO FIEDOF T, K
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. Uz YT = ~asy IR, OCS, TEOS, HHY L M=AT L LV T4 ppb D
IBALTWDRIED AMC 2 X0 RS DT 3 2 ICH 2 FIETHD,

Tat R B B2 A B—CuAy3iE, CMP 25— high/low-kiffa I fth D & k7B D CVD
MR D X972 I B O AR AR I HOWTEE T 572012, SHICHEBRIZEDZTHEN ML ETH S, 1]
FEHLOM, =T 47NV DRESEVHOBEEIL, B VICEEE B X250 E90 O W Vo TEl, &
OEEAIT. N —T 4 I BE DY R ESITLE S TR Tl AL FH I Lo TH AR IC B %
LETZEMNLHEEBEINDIRNETHD, TNOZHFRINL XI—=T I NVEREX, BV A XD I 728,
INGA—ZITHIEAFEL . > T, FEP OREAIRT L —F Dt HETF N Lo TEMNLEKE /N —T 47V
BECLAEELND,

RBMIAK MK IT IEEAEDKEEB IR T, BIERDEA T RINE B O H R AT E7 13
LT ETARMM AR ESIVTND, RIS BEREHINZ ZER T 27O I B KE ORI E 1T,
Table YE3 [ZHR/REIL TV D, PEORL L /L1300 H AT AE 7R di i L~V OB IE I BT IS 37 D23, BTE D
BT BN CIXEE ) — R A XKL -2 E T 5 &N TEA,

a0 — Ry 7N AT REZR AT ICIE B L T2 E0, BE-OHI A A 1T 8 R B IR I B/ B SR A e a8 L
TWAZEZEMTHADIIEETHD, ZOEER BB G, SEMI F063 TiXBUR T H FTREMEZ
EEL T, FFRD A BARRIE TR ORFHOTER BB MK DK IR L T i Al REZR S & (k%
L T D, 2013 LI TEOIZEEAL TWA 0 B Tk, RN ERIN T RS TR ORI 7
RSIVTWDET ThD, —EITEM AT SR RE T 20 HTRe ik b 7 — ik e
W2 D, TIVEERN T 0 2GR B L 5.2 580 ) X977 — 213, TUEE LW, (iE-T,
Wik Do —R~y AT ZER NS DL > TS, ZZEFEMITBMAK T V—T LTV —T
XIS L KT OBEEI ORI R 4 DU R AR AT TS 72 O E T — R R0 AR AT 2 7 R
S TE, BMAKS~OERICET Hikimid, e BB CHRBTHIENTED, . 4 discussion of the

UPW requirements can be found in the UPW supplemental material online.

Table YE3 O#BHli/KDEAITIHBNTIT, WLONDHE B EZBERYE LD LD et 2DRLE LE X
TD, WLKONDIHBIZDWNWT, Ve — N REDOZEENHYL L ERICKOWEEZRZEFH A TH
5o WL OO EEARBLE X MITIE A SR (DO) ZBTEEZLE L CTH > TWAD, itk TixEih g
HRMBELZEZ TWDH IRERIEIOLEEDG G EHEREETHY  KIRVY 7 T77 4 — TITFFITIREN
HETHD,

2013 AT, IPUESC AR R E DWW OO I EEEIE HIZROOHIFRSND, 2SI HK
LG E OEIREREME RS I DN DTS T T R RN 2 H U 72 B S O R B FO OB R ITIT B L e
LEZLNDNSLTHD, TNOHDOHE B IL, KEICK L TTEE THHA ., EREMICEL T EE TR
W, EFEITBaL ~LICHIE FTRETH Y, LI PUE MK ISR SN T A A v Ry DIFE# B Tl
KEDEACITITBEI NI N~ L b5 TND,

WL 7B E VST E I B ICE SZ Y TTND, R 7134 THURIZ B REL, Tk
MCHLEEEE THD, WTOF L TAHETIE, FT7—WRL T OREZZOLOFIRE TERWVOT, ¥
T — kL - OJE IR N A IEMEIZ D Z LT TEAR U,

2013 FEhRTiE, EUV ~ A7 BT D000 75 Rl 72T B L L THREL T\D, ZHUEZ O35 Tlx
R F- ORI N IEFICEE CTHAHZ LM T H720 Th D, BRANTE M2 MoR 1 (R34 8 MEkL
T IE, BRANCIEIEMER R T IVL EELEEZ 25N TWD, fit-> T, BHliAKT — A%, FEP F— AL
B L CURI LA B EOH D3 R &2 s L C& 7o, mBRMITIEMERRL 7O 0, ek DRIz —R
D3 ELTWDERBNCIETE 2R - &0h | BB AXNIN/NSLbZER PRI TS, a8
AZNE N IRA1E, BRR ARSI LD TESIZEIELRD, R ORE FEDX v 7 (B
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T HIEENG, MK T — 0% SEMI EIL[E T, UAZ 2RI D3 K EL TT /L X — DS MERE D %Y
PR T IEDOEEME{L (SEMI C079) 2D CTE 7z, M 1%, L B W BRRZ ZR L TV A EH Z 4 B D5 IR
PR B 58 FE DO BR SR 13t T, 2SI, CkES B ICLTk - O BB o7 v bb & AT
Do PORL A1 75 2B A SCRRFR AT IR B, Al Bh & B CHERR TE S,

2.1.5. @E#iKko&RBIHY

BHiIAKTF — L2 TIIHECRIEEICETOIERDER CEOREVERIL lppt. TOTRWVWEEIT
10ppt) & RIEZHELTVD, T, Vo— "REOEBIEEN, BK T OEREELIMEDOLLTE
TIRFEDLEVIFERIZESNTWD, Fxid, TS ZA~DEE(XEHY at/em2)725 NI B BEDIE T 4
B AR I S W THEMAK DAy V2 HETHZEE2RFTL T, DEVER 2 13, (B R ICHE
T NA AN I SN AR I BIFR- R T D, FMEA (BT DBEOVAZIZHOW TN 7 by o
—T AT DHRIRELBETHTETHDH, FMEA BIRIIEFE ST, mihErHcE T, .

2.1.6. EHAFTOHELREHRY

AR MUK DTG G B IS B AR T S A R E D INTE BT H200IZ OV TORLAE E-
T2, WEIIT, IFRAEIT AR FE LT TOC LLTHIESH TEZ, ZOMIEFIETIZ A
R INE DL Z AT D T2 DTN RIEEEIIET DD, HDHVNIZ DRSNS FEART A
AP EVIEIEET DO HLIR, ZO78  ITRS OBHMAKZ LV —T71% 2012 FFERORND
TOC DA H ZHIRELT-, TOC (2> T, BIFE, ITRS TIZBHIAK T OG5 %, Fix DT = "FKHE
MRS T DN EICL T AT LTV, iR L AOEY L EHMAK T D TOC<1.0 ppbTiX
FALDNWZEDRBEIIREN TS,
2013 A EVe—Rvy 7 TiE, T A AR EVICE KL B LTS R WA DO KE Ay
7% 3.0 ppbETEMT5— T, IRIRZIEHITIZ TOC(<1.0 ppb)DITEIBIML TEY, 2k POU O
EVNZEIDVERAKENRRDTHAIZLERL WD, TS AL EVICE KR EE 5 2 DG ¥ 5y
(EEAED) ICOWT, Wz AW TERMEZ RS M ORI Z IR L LT B2 B F] STk
BLCTHMA TWD, HEEAKK D DOERIIFZITHETLINTEY, TORNRFIE, = Fa—F —{ZxL
T H & DOBMAKARY VEFEETDHIZ THEK D DRELZ R T DO DRETHD, HEAHK
oy a A T4 TR T D10 OF -2 5 R L EN TV,
o EIARERL YIRS 200°C UL ETHDIFERMEOMIEA AL W
o HEAMILEMIL, 1 ppb AR ICHIFISNDERETHD,
o HEBEMIZILZEMILEMONFEIL, 7 —b, PV EITLHARBRLIREE S T2 TOR{L
FKHNKFEREEZAECSELEERGESCERLTLD,
AR FE(TOC)IE 3 ppb AR IZHIE T RETH S,
o FEMMEA Y (Non-Polar Organics) (%, 7 /SA A5 X DB B3 FEF 12/ &0,
Ty T NT — )V ZINE R 55 BRI TEF ThRESIVTLEI A, FEMIE A 1
MNIZ D77 T NT— )V AINZED | A RWE (FM) &L THUKMEY = R E T 5,
o Tx— N LOEBERRFBFITIV7OBHIKE TOC LRHHE TS,
o FEPIZL-T, AN TIX Si-C Kffa% 1E12 atoms/cm2 VA FETAIHEEFRSILT-.
o FEPIZE-oT, HHERK D DU R CEHET XXX 200CEERINT,
o 200°CLL F DMl ROIEMIZH LT, Hriid X570 Dt B L OB E AR L T
W5,
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Bl 21X, B g CARFRE IRV AT - E & e BMUK T OMIEEHY A I2ED., BARRE
S 27— RERALIE, by VR DR 8 AR T S A ZDO R WS, i 7 e b B R AR 7 12 L0
WEISNOFEDRHRSIN D, BILETICAEBYNFEST L, BNy TF 7 TRIZBW T VAR
DRIERRRT U H =y hOJRR L2, 2k, L& RE RO T a— N HE<E T OH A XK
DIRER L7025,

U —N\TaBADEY T I —T BT, R ALY &l T — N RN (FMEA) (220 E &b T
HZELZRI TS, 2013 4 BRI L —F1F 10 THTHEASN TR T oSS % LC-
OCD THAHTL., BRI DR TF~v— 0558 T3, ZOBEHITMBEEELCRI A RETHY, P
WKWK S AT MBI MBI 70 G ¥ E 258 T D720 O HfET — 2 %R LTV, FMEA
A TORAESMERK FICHIEHTHIENTES,

S BB ORI 21T 281250 8K T NNA RO R B EARER D DREEZAT DOBEBRBIET
XLENEETHD, ZOHFIEIE 2014 FLIBITHEFIL TITHONA T E THD,

BRAKDRIEFE — Bk OIEYREZER T 5720 O — k)72 Bk 7 151X Figure YE2 IT/RENT
W5, Il EEFITDOTE0 ITRS OBHI KT — ATHEHAKDSEZRE T L7212, <O RO MK
VAT LR T — I L CE T, W EOTEEICLY WSO ORE ST IENBRK T OEYE EET D
DIVZFAIS L LIRWNZ ER BN o T2, IRD 53 AT 5 IEIXBAE DRI D5 YL ~ L 2% LT
Iy FRIRPL, TOC, MY =4 AHA A LAY, A O FIER T2 oo FIEICR
EEN T\, RO TGTEDEEIZBRIEDOLZ AU THD AW IBTET A, &R, 7N—T 7 VA
X, BEEIND I/ N TEDO /N —T 4 7V T DITITEE DR E L T D3, UF BED K Faz k5
L1 DOEFERY — )L THYOSIF TS,

Parameter Measured (POD/POC) Test Method
roc Online Conductivity/CO2
Organic ions Lab lon chromatography
Other organics Lab LC-MS, GC-MS, LC-OCD
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 O3 Online Electric cell
Dissolved Na Online Electric cell

ES TOF—FR{THFfIH T L2 | 7 o R 7L — S
ICP-MS— 585 & 7' 7 X~ [ 7 4% i
GFAAS— IR 7L B /L 7T
Figure YE2  General Test Methodology for Ultrapure Water
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Table YE5  Defect Inspection on Pattern Wafer Technology Requirements

Table YE6  Defect Inspection on Unpatterned Wafers: Macro, and Bevel Inspection Technology
Requirements

Table YE7  Defect Review and Automated Defect Classification Technology Requirements
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7

REDR DD, V= REEEIN SR T DI ON, T )T RRGORGHOMENEEN, Vo — %

BREENOIREES 2 LT, £ HRZOLOE HERNEW) TR ICEEIT/RD, MA T M ECKRE
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BTART O M AT A TY A5 D72\ L

%
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| SUBSTRATE SUBSTRATE LOCATION
First Year of IC Production 2013 2014 2015 2016 2017 2018 2019 2020
DRAM 112 Pitch | WAFER | RETCLE | STORAGE [ PROCESS | TRANSPORT | 320m | 28nm [ 250m I 220m | 200m | 180m | 160m | 14nm
New FOUP Outgassing / Contamination
Off line AMC measurement in laboratory X 0 X 0 ) ﬂ ” ﬂ ﬂ ﬂ ﬂ ﬂ ”
Iniine AMC measurement inside FOUP in fab x 0 X X X ﬂﬂﬂﬂﬂﬂﬂﬂ
nline AMC measurement inside 450mm FOUP and MAG X o X x X
infab
Used FOUP Outgassing / Contamination (no wafer
inside)
Off lne AMC measurement in laboratory X 0 X 0 0
nline AMC measurement inside FOUP i fab x 0 X x x
nline AMC measurement inside 450mm FOUP and MAC X o x x x
infab
Wafer Cross Contamination Inside FOUP
(e.g acids after dry etch, oxygen or humidity
before EPI clean)
nline AMC measurement inside FOUP i fab x 0 x x x r
Integrated AMC measurement inside load port x 0 0 X [ — ! ! ! ! ! r
Vacuum purge : outgass the FOUP w ith w afers under X ° X ° X f
vacuum and fil it with N2
2 s st o a1 2 i FOUP . ; Ny . Ny ﬂﬂﬂﬂﬂﬂﬂﬂ
wafer !
N2 purge station integrated in stocker : injection of N2
inside FOUPw ith w afers x ° x ° °
qHtime
Purgeable load port : injection of N2 w hen the FOUP s X o o x o
connected to the EFEM J
Outgassing chamber integrated in process equipement X [ 0 X 0 WFFFF |
Wafer ranfer under vacuum x o o X < 1 [

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

Research Required
Development Underway
Qualification / Pre-Production

Continuous Improvement

-

Note for Figure YE3: The introduction of a new

transportation:

Wafer transfer under vacuum

Figure YE3

line item as potential solution to overcome cross contamination during wafer

Wafer Environment and Reticle Environment Contamination Measurement and

Control Potential Solutions
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First Year of IC Production
(e.g. DRAM 1/2 Pitch)

2024

32nm 28nm 25nm 22.5nm 20nm 17.9nm 15.9nm 14.2nm 12.6nm 11.3nm 8.9nm

2013
10nm

2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |

| 2025 | 2026

GENERAL

Fluid purityimpact on device yield / performance

Contaminant based process control

Ultra Pure Water

Particle online metrology 15 nm [A]

Wl A

Particle online metrology 10 nm [A]

Particle online metrology 5 nm [A]

|

Effect of electrically active particles (as opposed to electrically non
active particles) needs to be understood- modeling and
characterization ongoing [B]

Particle characterization to identify the source [B]

I |

Effective Filtration at 10nm particle size [A]

e

Effective Filtration at 5nm particle size [A]

I [ e

Improved components to reduce particle generation (IXresin, coated
pumps, etc.) [C]

| R

Off-line test for particle filtration performance validation [A]

o

Correlation of specifc organic functional groups to wafer defects via
Failure Mode and Effect Analysis [D]

| e o o ]

On-line detection of the critical organics (non-volatile) needs
development [D]

Bl S

Need to develop organic deposition model (sticking, removable, etc.)
D]

S I S S S

Use on-line TOC as way to control total organics (assuming thatall is
critical) [D]

Sl S S S S S S o

Drivers:

[A] killer particle control

[B] critical particle effect

[C] critical particles and organics
[D] critical organics

This legend indicates the time during which research,

Figure YE4

q ification/pre-pr ion should be taking place for the solution.
Research Required h

Development Underway
Qualification / Pre-Production
Continuous Improvement

"

Wafer Environmental Contamination Control Potential Solutions-UPW
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First Year of IC Production 2013 2014 2015 2016 2017 2018 2019 2020
(e.g. DRAM 1/2 Pitch) 32nm 28nm 25nm 22.5nm 20nm 17.9nm 15.9nm 14.2nm

GENERAL

Fluid purity impact on device yield / performance

Contaminant based process control

CHEMICALS - Metrology

Development of 40 nm particle counter [A]

Development of 20 nm particle counter [A]

Development of 10 nm particle counter [A]

Particle characterization to identify source of contamination [A], (for components
and systems)

Bubble discrimination of reactive chemistries [A]

Improved metrology for concentration measurements|B] _l- _l- _l- _ﬂ- _l- Jl- _l-
Surfactant concentration measurement and control [B] | |

Anion & cation measurement in process chemicals, e.g. cleaning chemicals [A]
Organic measurement (TOC and speciation) in process chemicals, e.g. H202, IPA
[A]

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

Contaminant characterization in CMP slurries, e.g. H202 concentration [B]
Characterization of CMP slurries, e.g. Particle size distribution [B]

On-line contaminant and constituent measurement in plating chemicals, e.g. copper
sulfate, organic additives [A],[B]

Improved blend accuracy taking into account incoming chemical concentration
changes (closed loop control capability) [B]

Closed loop point of use blending improvements [B]

CHEMICALS - Components and Systems |

Filtration 0.02/0.04 umw ith high flux (1 gprv0.5 psi/10"/1cP) [A] o m =
Filtration sub 0.02 pm w ith high flux (1 gpnv0.5 psi/10"/1cP) [A] |
Filtration sub 0.01 pm w ith high flux (1 gpnv0.5 psi/10"/1cP) [A] __

lonic POU purifiers (<1 ppt metals) [A]

Inline End point detection for lonic POU purifiers [A]

Improved components to reduce particle generation, e.g. valves, pumps, fittings,
etc. [A]

Improved system startup & flushing methodology to more quickly reach particle
target and reduce chemical usage [A]

Improved flow capacity and increased pressure for pumps [C]

Improved flow capacity increased pressure and temperature for piping
components [C]

Reduced pressure fluctuations by improved BCD system performance and by
better pressure and flow control [A], [B]

Improved connection technology (reduce leakages and increase reliabilitiy) [A], [D]

Decrease permeation of piping components (eg HCI permeation) [A], [D]

Higher purity resins and components (metals, organics, anions, cations, surface
smoothness, permeability) [A]

Elimination of particle sources in chemical distribution system including POU
(particle prevention in chemical conditions) [A], (for EUV mask cleaning)

*Slurries are also looked at in terms of changes in active components (e.g., H202)

Driver:

[A] Purity

[A] Purity - components and systems
[B] Process control

[C] Capacity

[D] Maintenance

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

Development Underway _

Qualification/Pre-Production _

Continuous Improvement m

Figure YE4 Wafer Environmental Contamination Control Potential Solutions-Liquid
Chemicals
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3.2. 8%, HT. FeATT

INF—fFET 2 — RSO BERFIH L, 4% UIXOIIHEMEE 5 (nuisance signal) D N5 K [z 1 HY
THMEE TR T HIETHD, ZiUT, BAL—T N F ClREEEZSLMEEBR IR, B E
FEBFED I — R~y 7 INER T DEE CHEESNDILERE S A2 T D 4120, KREZRHTfo71L —
A=A ToD, @7 AXZREOREIT, A —/L D COO MEmW DIl AL —7 v FTE
W E S FH N ROONTND, ZOBHITIE, ARG RME a2 T3S 5NN 2D,
BT RAX—JRE LR IRV T T7 4« T a 20BN, U= — "REINALFE OB O U E % i
TP AREMER DD, Limdo T RSB L ONNEBIEA S O N EE THD, BIEDLZA, RE%
P DIEIR O B EELIc v 7o iz COLRIRETH S, X YES ITHAE, 58T,
AT OFRSREf 2T,

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

Pattern Wafer Inspection
High sensitivity at high throughput _l-
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 research, development, and qualification/pre-production should be taking place for the solution.
Research Required
Development Underway
Qualification / Pre-Production
Continuous Improvement

Figure YE5 Characterization, Inspection, and Analysis Potential Solutions
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4. YIELD ENHANCEMENT SUPPLEMENTAL LINKS (FOR TEAM AUTHORS

TO CHECK)

e  AMC monitoring programs - AMC_MonitoringProgram 090730 NBR.xIs
e  AMC definitions - AMC_ITRS Definitions 090724 AN.xls
e  UPW supplemental materials - 2009 UPW Supplemental Material 100207.doc

e Industry Goals for Particle Measurements In Liquid Chemicals (updated February 2013) - Set LPC goals for
the future Feb2013 Liquid Chems.doc

e  Bulk and Specialty Gases - ITRS SG_ContList 070913 NBR.xls
e Ion Table - ITRS IonList FEP UPW FINAL 2011.xIsx

e  Mixing Calculation - ITRS MixingCale. HPM 100207.x1s

e  Precursor Table — 1403-14 rev 2 master precursor table 2013.doc

e  Precursors in production - 1403-14 precursors in prodn 2013.doc
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