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Table YE1 Definitions for the Different Interface Points
POS POD POC POE POU POP
Delivery Point of Submain or Entry to .
Gas/Chemical Outl_e_t of Central VMB/VMP Take Equipment or Sub Entry to the Contact with
. Facility System - Process Chamber Wafer
Supplier off Valve Equipment

ITRS Front End

Processes,

SEMI Standards ITRS Factory Integration Facilities Group ITRS Factory Integration Equipment

Interfaces Focus Area Focus Area Group Focus Area Lithography,
Interconnect TWG
Focus Area
Inlet of wet bench
bath, spray nozzle,
OutleF of ﬁ nal Outlet of submain | Inlet of wet bench | ' ° onnection Wafer in
Ultrapure water Raw water filtration in UPW . point to piping, .
take off valve or subequipment s production
plant which is also used
for other
chemicals
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VMP— valve manifold post UPW—ultra pure water MFC—mass flow controller AMC—airborne molecular contamination
SMC—surface molecular contamination
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Yield Ramp Phase g?él:iTStion \P/(r)gcjirgstion \P/(r)gérgstion
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YRANDOM 83% 89.50% 89.50%
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YMATERIAL >99% >99% >99%
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Cluster Parameter 2 2 2
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Table YE4a Yield Model and Defect Budget MPU Technology Requirements—Near-term Years

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) [A] 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Critical Defect Size (nm) 34 295 26 225 20 18 16 14 12.5
Chip Size (mm2) [B] 140 111 88 140 111 88 140 111 88

Overall Electrical DO (faults/m2) at Critical Defect Size Or

Greater [C] 2210 | 2210 | 2210 | 2210 | 2210 | 2210 | 2210 | 2210 | 2210

Random Electrical DO (faults/m2) [D] 1395 | 1395 | 1395 | 1395 | 1395 | 1395 | 1395 | 1395 | 1395
Number of Mask Levels [E] 33 35 35 35 35 35 37 37 37
Random Faults/Mask 42 40 40 40 40 40 38 38 38

MPU Random Particles per Wafer pass (PWP) Budget (defects/m2) for Generic Tool Type Scaled to 34 nm Critical Defect Size or Greater

CMP clean | 343 256 204 162 128 102 76 61 48

CMP insulator | 840 629 499 396 314 250 187 149 118

CMP metal | 952 713 566 449 356 283 212 169 134

Coat/develop/bake | 149 112 89 70 56 44 33 26 21

CVD insulator | 744 557 442 351 279 221 166 132 105

CVD oxide mask | 986 738 586 465 369 293 220 174 139

Dielectric track | 235 176 140 111 88 70 52 42 33

Furnace CVD | 421 315 250 198 157 125 94 74 59

Furnace fastramp | 380 285 226 179 142 113 85 67 53

Furnace oxide/anneal | 245 183 145 115 92 73 55 43 34

Implant high current | 329 246 195 155 123 98 73 58 46

Implant low/medium current | 299 224 178 141 112 89 67 53 42

Inspect PLY | 306 229 182 144 114 91 68 54 43

Inspect visual | 328 246 195 155 123 97 73 58 46

Lithography cell | 253 190 150 119 95 75 56 45 36

Lithography stepper | 240 | 180 | 143 | 113 | 90 | 71 | 54 | 43 | 34

Measure CD | 286 214 170 135 107 85 64 51 40

Measure film | 245 183 145 115 92 73 55 43 34

Measure overlay | 227 170 135 107 85 67 51 40 32

Metal CVD | 449 336 267 212 168 133 100 79 63

Metal electroplate | 230 172 137 109 86 68 51 41 32

Metal etch | 1012 | 758 601 477 379 301 226 179 142

Metal PVD | 512 384 304 242 192 152 114 91 72

Plasma etch | 919 688 546 433 344 273 205 163 129

Plasma strip | 419 314 249 198 157 125 93 74 59

RTPCVD | 272 204 162 128 102 81 61 48 38

RTP oxide/anneal | 178 133 106 84 67 53 40 32 25

Test 69 52 41 33 26 21 15 12 10

Vapor phase clean | 634 474 376 299 237 188 141 112 89

Wafer handling 28 21 17 13 10 8 6 5 4

Wetbench | 411 307 244 194 154 122 92 73 58
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Table YE4b Yield Model and Defect Budget MPU Technology Requirements—Long-term Years

Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
MPU/ASIC Metal 1 (M1) %2 Pitch (nm)(contacted) [A] 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5 45
Critical Defect Size (nm) 115 10 9 8 7 6.5 55
Chip Size (mm2) [B] 140 111 88 140 111 88 140

Overall Electrical DO (faults/m2) at Critical Defect Size Or

Greater [C] 2210 | 2210 | 2210 | 2210 | 2210 | 2210 | 2210

Random Electrical DO (faults/m2) [D] 1395 | 1395 | 1395 | 1395 | 1395 | 1395 | 1395
Number of Mask Levels [E] 37 39 39 39 39 39 39
Random Faults/Mask 38 36 36 36 36 36 36

MPU Random Particles per Wafer pass (PWP) Budget (defects/m2) for Generic Tool Type Scaled to 34 nm Critical Defect
Size or Greater

CMP clean 38 29 23 18 14 11 9

CMP insulator 94 71 56 44 35 28 22
CMP metal | 106 80 63 50 40 32 25
Coat/develop/bake 17 13 10 8 6 5 4
CVD insulator 83 63 50 39 31 25 20
CVD oxide mask | 110 83 66 52 41 33 26
Dielectric track 26 20 16 12 10 8 6
Furnace CVD 47 35 28 22 18 14 11
Furnace fast ramp 42 32 25 20 16 13 10

Furnace oxide/anneal 27 21 16 13 10 8 6
Implant high current 37 28 22 17 14 11 9
Implant low/medium current 33 25 20 16 13 10 8
Inspect PLY 34 26 20 16 13 10 8
Inspect visual 37 28 22 17 14 11 9
Lithography cell 28 21 17 13 11 8 7
Lithography stepper 27 20 16 13 10 8 6
Measure CD 32 24 19 15 12 10 8
Measure film 27 21 16 13 10 8 6
Measure overlay 25 19 15 12 10 8 6
Metal CVD 50 38 30 24 19 15 12
Metal electroplate 26 19 15 12 10 8 6
Metal etch | 113 85 67 53 42 34 27
Metal PVD 57 43 34 27 22 17 14
Plasma etch | 102 77 61 49 39 31 24
Plasma strip 47 35 28 22 18 14 11
RTP CVD 30 23 18 14 11 7

RTP oxide/anneal 20 15 12 9 7

Test 8 6 5 4

Vapor phase clean 71 53 42 33 27 21 17
Wafer handling 3 2 2 1 1 1 1

Wet bench 46 34 27 22 17 14 11

Tables YE4a and b /%

[A] ORTC Tables 1a & 1b T&ZE.

[B] ORTC Tables 1g and 1h TZ 7.

[C] ZZENF A AR & T5% & IRIE.

[D] ORTC Tables 5a & 5b T&EZ, 7> A XfHEd A4 Y (RDLY) 83% & KiE.
[E] ORTC Tables 5a & 5b T&Z7E.
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Table YE5a Yield Model and Defect Budget DRAM/Flash 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 36 32 28 25
Flash ¥ Pitch (nm) (un-contacted Poly) 54 45 40 36 32 28 25 22 20
Critical Defect Size (nm) 34 295 26 225 20 18 16 14 125
DRAM Product Table
Chip Size (mmz) [B] 93 74 59 93 74 59 93 74 59
Cell Array Area (%) at Production [B] 56.08% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08%
Non-core Area (mmz) 41 33 26 41 33 26 41 33 26
Overall Electrical Do (faults/ m) 4145 | 4145 | 4145 | 4145 | 4145 | 4145 | 4145 | 4145 | 4145
at critical defect size or greater [C]
Random Electrical Dg (faults/mz) [D] 2793 2793 2793 2793 2793 2793 2793 2793 2793
Number of Mask Levels [E] 24 24 26 26 26 26 26 26 26
Random Faults/Mask 116 116 107 107 107 107 107 107 107
DRAM Random Particle per Wafer pass (PWP) Budget (defects/mz) for Generic Tool Type Scaled to -40 nm Critical Defect Size or Greater
CMP clean 1329 1056 773 614 487 387 307 244 193
CMP insulator 1027 815 597 474 376 299 237 188 149
CMP metal 1579 1254 919 729 579 459 365 289 230
Coat/develop/bake 409 325 238 189 150 119 94 75 59
CVD insulator 1139 904 662 526 417 331 263 209 166
CVD oxide mask 1400 1112 815 647 513 407 323 257 204
Dielectric track 574 456 334 265 210 167 132 105 83
Furnace CVD 785 624 457 363 288 228 181 144 114
Furnace fast ramp 740 587 430 341 271 215 171 136 108
Furnace oxide/anneal 591 469 344 273 217 172 136 108 86
Implant high current 688 546 400 317 252 200 159 126 100
Implant low/medium current 655 520 381 303 240 191 151 120 95
Inspect PLY 898 713 522 415 329 261 207 165 131
Inspect visual 926 736 539 428 339 270 214 170 135
Lithography cell 768 610 447 355 281 223 177 141 112
Lithography stepper 510 405 297 235 187 148 118 93 74
Measure CD 767 609 446 354 281 223 177 140 112
Measure film 721 572 419 333 264 210 166 132 105
Measure overlay 701 557 408 324 257 204 162 128 102
Metal CVD 722 573 420 333 265 210 167 132 105
Metal electroplate 548 435 319 253 201 159 127 100 80
Metal etch 1334 1060 776 616 489 388 308 245 194
Metal PVD 793 629 461 366 290 231 183 145 115
Plasma etch 1414 1123 823 653 518 411 326 259 206
Plasma strip 1083 860 630 500 397 315 250 198 158
RTP CVD 706 561 411 326 259 205 163 129 103
RTP oxide/anneal 516 410 300 238 189 150 119 95 75
Test 100 80 58 46 37 29 23 18 15
Vapor phase clean 1503 1193 874 694 551 437 347 275 219
Wafer handling 42 33 24 19 15 12 10 8 6
Wet bench 1073 852 624 495 393 312 248 197 156
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Table YE5a Yield Model and Defect Budget DRAM/Flash Technology Requirements—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM % Pitch (nm) (contacted) 65 57 40 36 32 28 25
Flash % Pitch (nm) (un-contacted Poly) 54 45 32 28 25 22 20
Critical Defect Size (nm) 34 29.5 225 20 18 16 14 125
Flash Product Table
Chip Size (mmz) [B] 143.96 | 101.80 80.80 128.26 | 101.80 80.80 128.26 | 101.80 80.80
Cell Array Area (%) at Production [B] 68.35% | 68.35% | 68.35% | 68.35% | 68.35% | 68.35% | 68.35% | 68.35% | 68.35%
Non-core Area (mmz) 46 32 32 26 41 32 26
gtvg:i?i'l;'Zg;;icctas'izoo(:zurg ‘:rz)[ . 3716 | 3716 | 3716 | 3716 | 3716 | 3716 | 3716 | 3716 | 3716
Random Electrical Dy (faults/m2) [D] 2503 2503 2503 2503 2503 2503 2503 2503 2503
Number of Mask Levels [E] 24 24 26 26 26 26 26
Random Faults/Mask 104 104 104 96 96 96 96 96

Table YE5b Yield Model and Defect Budget DRAM/Flash 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
Flash ¥z Pitch (nm) (un-contacted Poly) 18 16 14 13 11 10 9
Critical Defect Size (nm) 115 10 9 8 7 6.5 5.5
DRAM Product Table
Chip Size (mmz) [B] 93 74 59 93 74 59 93
Cell Array Area (%) at Production [B] 56.08% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08%
Non-core Area (mmz) 41 33 26 41 33 26 41
gt";fi‘;‘i'(':a'fl'g‘é;;icctas'izoo(:zli';:’t ’::)[C] 4145 | 4145 | 4145 | 4145 | 4145 | 4145 | 4145
Random Electrical Dy (faults/mz) [D] 2793 2793 2793 2793 2793 2793 2793
Number of Mask Levels [E] 26 26 26 26 26 26 26
Random Faults/Mask 107 107 107 107 107 107 107
DRAM Random Particle per Wafer pass (PWP) Budget (defects/mz) for Generic Tool Type Scaled to -40 nm Critical Defect Size or Greater
CMP clean 153 122 97 77 61 48 38
CMP insulator 119 94 75 59 47 37 30
CMP metal 182 145 115 91 72 57 46
Coat/develop/bake 47 37 30 24 19 15 12
CVD insulator 131 104 83 66 52 41 33
CVD oxide mask 162 128 102 81 64 51 40
Dielectric track 66 53 42 33 26 21 17
Furnace CVD 91 72 57 45 36 29 23
Furnace fast ramp 85 68 54 43 34 27 21
Furnace oxide/anneal 68 54 43 34 27 22 17
Implant high current 79 63 50 40 31 25 20
Implant low/medium current 76 60 48 38 30 24 19
Inspect PLY 104 82 65 52 41 33 26
Inspect visual 107 85 67 53 42 34 27
Lithography cell 89 70 56 44 35 28 22
Lithography stepper 59 47 37 29 23 19 15
Measure CD 88 70 56 44 35 28 22
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Table YE5b Yield Model and Defect Budget DRAM/Flash Technology Requirements—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022

DRAM %2 Pitch (nm) (contacted) 22 20 18 16 14 13 11

Flash % Pitch (nm) (un-contacted Poly) 18 16 14 13 11 10 9
Critical Defect Size (nm) 115 10 9 8 7 6.5 5.5

DRAM Product Table

Measure film 83 66 52 42 33 26 21

Measure overlay 81 64 51 40 32 26 20

Metal CVD 83 66 53 42 33 26 21

Metal electroplate 63 50 40 32 25 20 16

Metal etch 154 122 97 77 61 49 39

Metal PVD 91 73 58 46 36 29 23

Plasma etch 163 130 103 82 65 51 41

Plasma strip 125 99 79 62 50 39 31

RTP CVD 81 65 51 41 32 26 20

RTP oxide/anneal 60 47 38 30 24 19 15

Test 12 9 7 6 5 4 3

Vapor phase clean 173 138 109 87 69 55 43

Wafer handling 5 4 3 2 2 2 1

Wet bench 124 98 78 62 49 39 31

Flash Product Table

Chip Size (mm2) [B] | 128.26 | 101.80 80.80 128.26 | 101.80 80.80 128.26

Cell Array Area (%) at Production [B] | 68.35% | 68.35% | 68.35% | 68.35% | 68.35% | 68.35% | 68.35%

Non-core Area (mm2) 41 32 26 41 32 26 41

Overall Electrical DO (faults/m2)

at critical defect size or greater [C] 3716 3716 3716 3716 3716 3716 3716

Random Electrical DO (faults/m2) [D] 2503 2503 2503 2503 2503 2503 2503

Number of Mask Levels [E] 26 26 26 26 26 26 26

Random Faults/Mask 96 96 96 96 96 96 96

Tables YESa & b D/E:

[A] ORTC Tables 1a & 1b T&

[B] ORTC Tables 1c & 1d TZZE.

[C] 7> 4" A XfGE 4 £ V) (RDLY) 2 89.5% & K /E.

[D] ORTC Tables 5a & 5b T&EFH, 7 &L XFGECIAE ¥ (RDLY) & 89.5% & K AiE.
[E] ORTC Tables 5a & 5b.

R BeiR H SR A

W EE 525, FFEOT BB A TRETHKIME, A T4 THRINTELRENEGHIEDN, K
MR AL (2K 25— DR TH D, 7B AOHFERAFE B ARV EIF OERE L CEEDOHE A 72
7 == R IG L CALVEREE & 1) ST S B, KRR R o # P A K 9D LA ERL
FI AL 1] B L RVERAE ) 1) B O ST LW D CTHEEME AR S T A A S AT LA E RS, DR
DIHRERIFFETETEHEI > TVDHD, EOEFEL T, KPR EEE~OZHOEEIZRAEIRK
DR HT 72D, R RBIRAELEE Z O TR 2 7o 7 o B AR IZh B DL L 2 BpE 3585
I TETWAIENR DS,

T ADBAR NS EFEDE T = — R LT MERE A FF DI E DY, 6T /3 AA—J (IDM) 12X L
TNV AR A A LTGS2 T TR B0, E0biT 7 ey AOWFFEBR T I B2 E B 13 LU AR
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DT NAAFMDPEASNDDITIATU TR LS TN, EBRYN BT O = — AT B ET
BPEDIAEDEUr A AN TETORITIUTZRLR, ek OBEPEEPE, HIbm Wi A0 28RLT
WHEEBEICIRB W TR, ZOHAR IR ORLE T 0 2D B &2 T =LY S TELREIBMLETHD,

HARREEIL, 3 2ORNBIN—LTND=—RRSNTND: a) (=T = — R L B — A
B, b) F— LT — BB, /o, Ty URE, Ty UL a—4EE ;LT c) ADC(H#K
ey dE) . 7B ANEHERE ST A REFHEBNCEFET D720, Tk REEEBOET=F) T LD
KRR RS BERSITND, P — UK BRI, EEOME EbiEASHWLI TS, Zivb
Wi 7 DRSS T, KRR D=0 DL E 22— Tl KSR AT v L PBRIEH &
LT, 0 L&D, A EE B OEEELEEENEES>TND,

HBEVICER L T 2= R0y VOB Z RO 7o BT, U — BV ORI 5
WTh, Ve — 2E Tl TEA XKML E 2— RN,

IRE— DIFLIRED L TEFRESNDT AT AN 3 UL EEERESND, @B FED/RZ— L DI
JEDERIZFAET DR Me% . 5B 7= (HARD KIGIRAEELMED, B2 — AN EEE CEt T 25, 20k
i, UMK B AR ThD,

IEH KO HEZDOLDON, FEAPIRO VLI > TLEST-, LOLARNS, SN T ThX
AR AL E > T, O DOEERILUETH D, L REOBRIKRMWERETDIZ o, EARICHR L E
2—%LTh, ¥ H T R_REMESHD KM BonD7e 72> TETLEW, KRR ROMHE
THRSTLESTND, STV Z, KED /ARXDFNLEE /LB T &K (DOD) 28R I T 52
ENHEREZR . IR TFE THALE a—D 2L —F v ELIZ U TVVA,

%@ IEDRLLY = — /D Top X° Bottom LD | ARG, =y OB EIL, 26D T %
R ET DKM/ 7 ot AORENETETHIIML TODTZD  RERFRBEE 2> T D, SEM LE 22— R BE
PRREAERE BT 7 A L L [RIERIT ., BB D ADC &L B a—DRE 1%, BB U (S ToMEEE S —7 5%
Zo R A AR ThD,

INB— AL = — R BT BRI IE B 1T = — N F DS DL T ARIEO TR FL TVD, F
72, U= B O KRR HOBIZIEY = — A EH IS HI 35— a2 Y BRI 72 B il A1 7o HEZR N
TENLEFEND, 2OV — NEEIZETAERIE A (X, VT T 74 BEOHMTESRD Table (1285, F7-[AkE
(2 A ERE A S, A LEE Z N B & O EEEE OLREICH b TV a,

IZH OO KIETE— ROV E TR T DZENM LR > TND, B2V (BERD 21
FIETHH TEARWKME) (26925 LOESIZOWTH, BB — D H 2 =R H T oo f ok
EEDE THEMENEESTETND, EBROKR O XKMEIXRE FOMEIAFIEL, 7 73 A IEIC
KU CERWKREZZFF O 035D, 5 DOFTZAVLD RO T~ E 5/ N-HEO EFRIT MR
STV, ZLDRMIET SAAMRRICER/2 2 82w RIFEL, Fhui7ar by R e R (a4
I NEALETE 7 e A LRI O 7 2 RA) (2 3y 7 2 R TCOT e A RIS 8 Z KIE T, F2, LT
THESNAIH Y 77 DR EHREEZZSHED Uz — D JNWEII B % K IE 4~ 7 a K aH
RIELENDZENH- TUIRBRN, 7R DAF v A —RIL T X CoOHEFi BT aI 777
S BIOWFZIX CMP OALERRE ) (AR 2 & T0) ICH BT 589, Mkl T LS iz bren,

— 5 HHEART NS AR I T RGERI R O SE BT R VR IR DY A B R T DT80+ 3 7B E D H
BREZITID ., TIUDDDARRELNARIIREDNRT U A DI ENEE TH D, KMGRAT LS E D%
EaAhE A HFE, £ L CUELEE /178 CoO (Cost of Ownership) (228 £ H /2 B TH D, BIEDHT, 2D
CoO D EESDT=D L D HEART /3 A AR— T3 DMENR IR AT I B OB Ly TEZRUIR LA ZE A H LT
%o HAEE0 D B AR A B KR 8 8O D7 D I BRI IR RSB L L T2 o 7 U 7 T VT YR AN
MBETHY | ZOT-OICH A TEE A7 IE SR T S50, b U, AR Xm B35
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DODOFRFE S IME T LIET 5L, ZOEED CoO 1L FH-L, YR T S A= TNIESIfEN 2T
Vo7 U TCET | REREL THRREVE KLV E OB E DK T AL EIT D,

TableYE6 & YE7 €L T YES [T/ J M AL 2R AEI L, 7 AN 2= SOOI IEHY = —/~ FIZE
i LTZARVAF LT 7 A (PSL) BRIZKT 328 HUEE THUE 5, LocL, EERIITHHOEE 7 ok
ABAFEDRNTFEAE T D REEO RT3 D HRE 1 CRHMiS VA Z &N Z v, 2D XH7% K[l imﬁﬂ%ﬁ
OBEIEF R a2 > THRIHT 5, ZNHDOKKEIZIT/ S—T 47V B NRO/E— A KifiTiil, A7
7y§“7§>aihfwé’>o Flo, B A 7 TRRIZERB W TER & 72 R A 7 N 2 CEXCTERY ., BrIH DO K fakp AL 1

BIZBWTINLD K aZEE OFRRERHH T DRE N A5+ 5720 FERER e =— EBR¥ 52
ENBFH LI ->TWD,

Table YE6a Defect Inspection on Pattern Wafer 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
Flash ¥ Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 22 20
Patterned Wafer Inspection, PSL Spheres * at 90% Capture, Equivalent Sensitivity (nm) [A, B]
Process R&D at 300 cm?/hr 27
(0,4 “300 mm wafer’’/hr)
Process R&D at 300 cm2/hr 16.2
with 50 % Capture rate [Q]
Yield ramp at 1200 cm?/hr 43.2
(1,7 “300 mm wafer”/hr)
Volume production at 3000 cm”/hr 54
(4,3 “300 mm wafer”/hr)
Speed [wafer/hrs]at volume production 4
(1xDR) on Brigthfield tools [R]
Tool matching (% variation tool to tool) [C] 10
Defect coordinate precision [pm] note 2.275
Defect coordinate precision [pm] note 1.89 A4 1.26 1.12 ‘ 0.98 . 0.77 .
Wafe dge excusion () : I T T N S T R
Cost of ownership (8/cn’) 0.08 008 008 008 008 | 008 0.08

E-beam inspection Inspection: Defects other than Residue, Equivalent Sensitivity in PSL Diameter (nm) at 90% Capture Rate *[D, E]

Sc?nsnmty for volté_ige contrast application 65 57 50 45

without speed requirement (nm)

Sensitivity for physical defect detection 27 225 20 18 ' 10
(nm)

speed for voltage contrast applications 50 100 100 100 300 ‘ 300 ‘ 300 ‘ 300 500
Speed for physical defect detection 10 50 50 100 100
CoO HARI ($/cm?) 0.388 0.388 0.388 0.388 0.388 ‘ 0.388 ‘ 0.388 ‘ 0.388 0.388

Backside cleaniness for inspection tools

Critical Defect Size (um) for large defects 50

Backside Particle per Wafer pass (PWP)
Budget (defects/m?) for large defects

Critical Defect Size (nm) for total defects 325

Backside Particle per Wafer pass (PWP)
Budget (defects/m?) for total defects

<1

3500

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known €

Manufacturable solutions are NOT known _I
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Table YE6b Defect Inspection on Pattern Wafer Technology Requirements —Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM %2 Pitch (nm) (contacted) 22 20 18 16 14 13 11
Flash ¥ Pitch (nm) (un-contacted Poly)(f) 18 16 14 13 11 10 9
Patterned Wafer Inspection, PSL Spheres * at 90% Capture, Equivalent Sensitivity (nm) [A, B]

Process R&D at 300 cm’/hr
(0,4 “300 mm wafer”/hr)

Process R&D at 300 cm2/hr

with 50 % Capture rate [Q] 3.3

Yield ramp at 1200 cm?/hr 8.8

(1,7 “300 mm wafer’’/hr) :

Volume production at 3000 cm?/hr

(4,3 “300 mm wafer’/hr) 18 16 = 13 i

Speed [wafer/hrs]at volume production

(1xDR) on Brigthfield tools [R] v v v v v v

Tool matching (% variation tool to tool) [C] 5 5 5 5 5 5

Defect coordinate precision [um] note 0.77 0.7 0.63 0.56 0.49 0.455 0.385
Defect coordinate precision [um] note 0.63 0.56 0.49 0.455 0.35 0.315

Cost of ownership ($/cm?) 0.08 0.08 0.08 0.08 0.08 0.08 0.08
E-beam inspection Inspection: Defects other than Residue, Equivalent Sensitivity in PSL Diameter (nm) at 90% Capture
Rate *[D, E]

Sensitivity for voltage contrast application
without speed requirement (nm)

Sensitivity for physical defect detection
(nm)

speed for voltage contrast applications

Speed for physical defect detection
CoO HARI ($/cm?) 0.388 0.388 0.388 0.388 0.388 0.388 0.388
Backside cleaniness for inspection tools

Critical Defect Size (um) for large defects 10 10 10 10 10 10 10

Backside Particle per Wafer pass (PWP)
Budget (defects/m?) for large defects <1 <1 <1 <1 <1 <1 <1

Critical Defect Size (nm) for total defects

Backside Particle per Wafer pass (PWP)
Budget (defects/m?) for total defects 2 2 2 2 2 2 2

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



SEEVYEE 19

Table YE7a Defect Inspection on Unpatterned Wafers: Macro, and Bevel Inspection 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
Flash ¥ Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 22 20

Patterned Wafer Inspection, PSL Spheres * at 90% Capture, Equivalent Sensitivity (nm) [A, B]

Unpatterned, PSL Spheres at 90% Capture,

Equivalent Sensitivity (hnm) [F, G]

Films (like Poly Si and metal films ) 64.8 54 48 43.2

Bare silicon 285 20 18 16

;l;};re(;:g[l\g);/t hz;ts ]highest sensitivity for all 60 70 70 80 80 2

Wafer backside (defect size, nm) [H] 325 175 | 160

CoO ($/cm?) 0.004 eeeZ! 0.004 0.004 0.004 0.004 ‘ 0.004 ‘ 0.004 0.004
Wafer edge exclusion (mm) 2 2 2 2 2 2 2 2 2

Wafer inspection on multilayer product wafer of top and bottom bevel, APEX and 3 mm wafer edge exclusion[U]

PSL spheres at 90% capture rate, Equivalen

t sensitivity (nm) [N, O]

Sensitivity [nm] without speed requirement
at 50 % capture rate

200

160

Sensitivity[nm] at 100 wafer/hrs

1250 1125 1000

Defect classes, ADC [P]

Toolmatching (%variation tool to tool)

10%

CoO [$/300 mm wafer]

0.9

10
10%
0.8

10
10%
0.8

10
10%
0.8

Sensitivity [um]

speed [w/hrs] at sensitivity

ADC: nr of defect types automated
classified

Tool matching (% variation tool to tool) [C]

Backside cleaniness for inspection tools

Critical Defect Size (um) for large defects

Backside Particle per Wafer pass (PWP)
Budget (defects/m?) for large defects

Critical Defect Size (nm) for total defects

Backside Particle per Wafer pass (PWP)
Budget (defects/m?) for total defects

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known |@
Manufacturable solutions are NOT known
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Table YE7b

Defect Inspection on Unpatterned Wafers: Macro and Bevel Inspection 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
Flash ¥ Pitch (nm) (un-contacted Poly)(f) 18 16 14 13 11 10 9

Patterned Wafer Inspection, PSL Spheres * at 90% Capture, Equivalent Sensitivity (nm) [A, B]

Unpatterned, PSL Spheres at 90% Capture, Equivalent Sensitivity (nm) [F, G]

Films (like Poly Si and metal films ) 21.6 19.2 16.8 15.6 13.2 12

Bare silicon 10 9 8 7 6.5 5 4.5
E;‘;‘S‘%}‘jff‘r‘fh‘fs]mghCSt sensitivity for all 110 110 120 120 130 130 130
Wafer backside (defect size, nm) [H] mm
CoO ($/cm?) 0.004 0.004 0.004 0.004 0.004  0.004 0.004

Wafer edge exclusion (mm)

Wafer inspection on multilayer product wafer of top and bottom bevel, APEX and 3 mm wafer edge exclusion[U]

PSL spheres at 90% capture rate, Equivalent sensitivity (nm) [N, O]

Sensitivity [nm] without speed requirement
at 50 % capture rate

Sensitivity[nm] at 100 wafer/hrs

Defect classes, ADC [P]

Toolmatching (%variation tool to tool)

CoO [$/300 mm wafer]

Macro Inspection on product wafer, PSL Spheres * at 90% Capture, Equivalent Sensitivity (um)

Sensitivity [um]

speed [w/hrs] at sensitivity

ADC: nr of defect types automated
classified

Tool matching (% variation tool to tool) [C]

Backside cleaniness for inspection tools

Critical Defect Size (um) for large defects 10 10 10 10 10 10 10

Backside Particle per Wafer pass (PWP)
Budget (defects/m?) for large defects = 1 = = = = =

3
Critical Defect Size (nm) for total defects 110

Backside Particle per Wafer pass (PWP)
Budget (defects/m?) for total defects 2500 2500 280y 280y 280y 280y 2

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 YE8a Defect Review and Automated Defect Classification 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
Flash ¥ Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 22 20
Defect Review (Patterned Wafer)
Coordinate accuracy (nm) at resolution [J] 650
Redetection: minimum defect size (nm) [S] 26
Number of defect types [L] 10
Speed (defects/hours) w ADC [T] 720
Speed w/elemental (defects/hours) 360
Number of defect types (inline ADC) [M] 10
Table YE8b Defect Review and Automated Defect Classification Technology Requirements—Long-term
Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM % Pitch (hnm) (contacted) 22 20 18 16 14 13 11
Flash ¥z Pitch (nm) (un-contacted Poly)(f) 18 16 14 13 11 10 9
Defect Review (Patterned Wafer)

Coordinate accuracy (nm) at resolution [J]

Redetection: minimum defect size (nm) [S]
Number of defect types [L]

Speed (defects/hours) w ADC [T]

Speed w/elemental (defects/hours)
Number of defect types (inline ADC) [M]

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known |4

Manufacturable solutions are NOT known !

Table YE6,YE7,YE8a & b DV :

[A] Y= ET 2= OERFE T, 7B AHFFER R T —RICB W T 72t 300cm™/FEH], £7-, A0
EFE—RIZBW T A<l 1200em?/ B[] SHICEET—RIZB W T 7a<Ed 3000cm”/RE A E kSN D,
BUR AN CIE, _EFL Table H O ZRMEA R T 5 TR,

[B] & — At & =— DY (nuisance) K [fZR1E, R THOT OB RAIBNT 5%LL FETRETHD, F-m R AN
L, FIEBIFEERE T 5%LL T, £ BT B E B EIMIZE N TN 1%L FET RETH D, #ELKIHE
WX, 722 B DO WD K E L CEFRSNDD TIH/ARL, Kifak L TV RS, LbENNEBRITFEL TS
KIaThHD, ZNHh, BEOLIIEERLOTHY, 5RITHTETRELOTH D, K/ REIci=3Eb5 Nid, KiED
FEFHE RGO BEEESWERDHZLHET RETHD, ilElE, KL TERRINDLODIE | K Hafk 2 &
DLy Ty AT LRV E 2— HOJ 22 O THERZEL Th, onn2nb DLl TERT 5,
[CTHIE F Y D % 25 Bl —- 218 [ CRE A M 0D JE VR B 430 FE A5 1 DR R B 3K

FIE: 1 B8 GEHER) OEHD 5 UL FICRDIDEEL L EE By b5, ZOLIEREEE 52 L ftho5Hic
HEEL 10 FIORIEETT, ZDEEOT = — R T AL 30 fHTH 5,

[D] i 7 A7k (High Aspect Ratio) 1Z, 2% 7k 15:1 TEFESND,
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[E] HARI (75 7 AT N E) IZL DKL, T TIZHH A7 e ADEMIZIWTEm R aEmbEE 25T
BT RTOEMA A R EZ DT DAL ZINE T DL~V TERSIND, D, T TOEFED
BEMEIZ BTl /IR BB EE 1, 1.0 X HAlT AR E L THUES -, WBIIZFERED N ALV 1 BHAHWEENLL E
DO R T NEFFEIR SR T REET L ThHD, b, Bk, RIERAEE DT AR IR, BT ELORE
W 0.3 X HAf AR OA —# CTEFR TEEHLA . IPUEZ(LEL THHN T ARBRESDICH 3T G5 TH A,
HARI (i 7 A7 MR A) ZEE O ER L, 7B ARGEE BEZ AT ITB VTR ELT&E, 7' r e AL
WARNT = "I ANDRE )1 Fio T SEM ROEEE (FERIZAMEL) 25 L TUA, Table |2 200mm 7= —/ D
R 720 O R LB K E A 7R LTz, 300mm 7 = — D EREH 720 O & 155729 121%, 200mm (25 5L —h
0.435 ZHMNF TR,

[F] R — LY = — N RBERAEEE L, BURERERBIOEREZENEN 5% FOSRMFIZHB VTR B2
200 £ (300mm 7 = —/~NFEFZIIAR ) OALEREE 1IN ER & D,

[G] v—F~wy 7 DO7a R at ROV a HROFIZTHIESN T~ X (Haze: Z i DOED) OfG it KO
> MK s (COP: Crystal Originated Pit) (2% 92 R I & L7aiF iuE7e b7,
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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— TR/ THFRIH = L 2 p 2 2 X 7' L—2EE  |CP-MS— 555 7" 7 X~ H i 7 s
GFAAS— ZBEHF I FIROL i 7T

Figure YE1 General Test Methodology for Ultrapure Water
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Table YE9a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Flash ¥ Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 23 20
DRAM ¥: Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Printed Gate Length (nm) 42 38 34 30 27 24 21 19 17
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Wafer Environment Control such as Cleanroom, SMIF POD, FOUP, etc....not necessarily the cleanroom itself but wafer environment.
Number of particles (/m3) [1112] ‘ ISOCL 2 ‘ ISOCL 2 ‘ ISOCL 2 ‘ ISO CL1 ‘ ISO CL1 ‘ ISO CL1 ‘ ISO CL1 ‘ ISO CL1 ‘ ISO CL1
Airborne Molecular Contaminants in Gas Phase (pptV V for Volume)) [3, 7, 12, 13, 14, 15, 33].
Lithography (cleanroom ambient) [23]
Total Inorganic Acids 5000 5000 5000 5000 5000 5000 5000 5000 5000
Total Organic Acids [30] TBD TBD TBD TBD TBD TBD TBD TBD TBD
Total bases 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000
Condensable organics (w/ GCMS retention
Ei3n11<]es > benzene, calibrated to hexadecane) 26000 26000 26000 26000 26000 26000 26000 26000 26000
Refractory compounds (organics containing
S, P, Si) 100 100 100 100 100 100 100 100 100
SMC (surface molecular condensable)
refractory compounds on wafers, 2 2 2 2 2 2 2 2 2
ng/cmz/day [12]
Gate/Furnace area wafer environment (cleanroom/POD/FOUP ambient)
Total metals [8] 1 1 1 0.5 0.5 0.5 0.5 0.5 0.5
Dopants [4] (front end of line only) 10 10 10 10 10 10 10 10 10
SMC (surface molecular condensable)
organics on wafers, ng/cmz/day [12] 2 2 2 0.5 0.5 0.5 0.5 0.5 0.5
Salicidation Wafer Environment (Cleanroom/POD/FOUP ambient)
Total Inorganic Acids 100 100 100 10 10 10 10 10 10
Total Organic Acids [30] TBD TBD TBD TBD TBD TBD TBD TBD TBD
Exposed Copper Wafer Environment (Cleanroom/POD/FOUP ambient)
Total Inorganic Acids 500 500 500 500 500 500 500 500 500
Total Organic Acids [30] TBD TBD TBD TBD TBD TBD TBD TBD TBD
Total other corrosive species [32] 1000 1000 1000 1000 1000 1000 1000 1000 1000
H,S 1000 1000 1000 1000 1000 1000 1000 1000 1000
Total sulphur compounds 10000 10000 10000 10000 10000 10000 10000 10000 10000
Exposed Aluminum Wafer Environment (Cleanroom/POD/FOUP ambient)
Total Inorganic Acids 500 500 500 500 500 500 500 500 500
Total Organic Acids [30] TBD TBD TBD TBD TBD TBD TBD TBD TBD
Total other corrosive species [32] 1000 1000 1000 1000 1000 1000 1000 1000 1000
Reticle Exposure (Cleanroom/POD/Box ambient)
Total Inorganic Acids 500 500 500 TBD TBD TBD TBD TBD TBD
Total Organic Acids [30] TBD TBD TBD TBD TBD TBD TBD TBD TBD
Total Bases 2500 2500 2500 TBD TBD TBD TBD TBD TBD
SMC (surface molecular condensable)
organics on wafers, ng/cmz/week [12] 2 2 2 0.5 0.5 0.5 0.5 0.5 0.5
Critical areas (Litho, Metrology)
Temperature range in £K at POE [37] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Zﬁ,’gg‘? jg?g;m[;r]nperamre varation |4 o 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
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Table YE9a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Flash % Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 23 20
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Printed Gate Length (nm) 42 38 34 30 27 24 21 19 17
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Maximum long term temperature variation
in +K/hour at POE [37] 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Humidity range in + % r.H. at POE [37] 3 3 3 3 3 3 3 3 3
Maximum short term humidity variation in
+r.H./5 min at POE [37] 2 2 2 2 2 2 2 2 2
Non-critical areas (others than Litho, Metrology)

Temperature range on =K at POE [37] 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Humidity range in = % r.H. at POE [37] 5 5 5 5 5 5 5 5 5
Process Critical Materials [5, 7]
Ultrapure Water [29]
Resistivity at 25°C (MOhm-cm) 18.2 18.2 18.2 18.2 18.2 18.2 18.2 18.2 18.2
Total oxidizable carbon (ppb) [22] <1 <1 <1 <1 <1 <1 <1 <1 <1
Bacteria (CFU/liter) [38] <1 <1 <1 <1 <1 <1 <1 <1 <1
Total silica (ppb) as SiO; [18] <05 <05 <05 <05 <0.3 <0.3 <0.3 <0.3 <0.3
Number of particles > 0.05 um (/ml) [26] <0.9 <0.9 <023 <023 <023 <02 <0.2 <0.2
Dissolved oxygen (ppb) (contaminant
based) [16] POE <10 <10 <10 <10 <10 <10 <10 <10 <10
Dissolved nitrogen (ppm) [10] 8-12 8-18 8-18 8-18 8-18 8-18 8-18 8-18 8-18
Critical metals (ppt, each) [6] <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Other critical ions (ppt each) [24] <50 <50 <50 <50 <50 <50 <50 <50 <50
Temperature stability (K) +1 +1 +1 +1 +1 +1 +1 +1 +1
Terr.lperatur_e gradlent. in K/10 minutes [22] <01 <01 <01 <01 <01 <01 <01 <01 <01
for immersion photolithography
Liquid Chemicals

0, . 1
?19]?1}11}: number of particles/ml >0.065um <10 <a <a <a <3 <3 <3 <1 <1
37% HCI: number of particles/ml
>0.065um [1][11] <10 <4 <4 <4 <3 <3 <3 <1 <1
30% H,0,: number of particles/ml <1000 | <400 | <400 | <400 | <300 | <300 | <300 | <100 | <100
>0.065um [1] [11]
29% NH4OH: number of particles/ml <1000 | <400 | <400 | <400 | <300 | <300 | <300 | <100 | <100
>0.065um [1][11]

o - -

100% IPA: number of particles/ml <1000 | <400 <400 <400 <300 <300 <300 <100 <100
>0.065um [1] [11]
49% HF: Na, K, Fe, Ni, Cu, Cr, Co, Ca,
(Ag, Au, Pd, Pt, Ru) (ppt, cach) [21] 150 150 150 150 150 150 150 150 150
49% HF: Cl (ppt) 10000 10000 10000 10000 10000 10000 10000 10000 10000
30% Hy0,: Al, Na, K, Fe, Ni, Cu, Cr, Co,
Ca, (Ag, Au, Ba, Cd, Mg, Mn, Mo, Pb, Pd, 150 150 150 150 150 150 150 150 150
Pt, Ru, Sn, Ti, V, W, Zn) (ppt, each) [21]
30% H,0;: SiO; (ppt) [27] 5000 5000 5000 5000 5000 5000 5000 5000 5000
29% NH4OH: Al, Na, K, Fe, Ni, Cu, Cr,
Co, Ca, (Au, Ba, Cd, Mg, Mn, Mo, Pb, Pd, 150 150 150 150 150 150 150 150 150
Pt, Ru, Sn, Ti, V, W, Zn) (ppt, each) [21]

0, . 3
100% IPA: Na, K, Fe, Ni, Cu, Cr, Co, Ca 150 150 150 150 150 150 150 150 150
(ppt, each) [28]

100% IPA: C1 (ppt) [28] 100000 100000 100000 100000 100000 100000 100000 100000 100000
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Table YE9a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Flash ¥ Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 23 20
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Printed Gate Length (nm) 42 38 34 30 27 24 21 19 17
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
100% IPA: Br (ppt) [28] 100000 | 100000 | 100000 | 100000 | 100000 | 100000 | 100000 | 100000 | 100000
100% IPA: F (ppt) [28] 100000 100000 100000 100000 100000 100000 100000 100000 100000

o X - -
49% HEF: All other metals not listed in row 500 500 500 500 500 500 500 500 500
above (ppt, each) [20]
30% HyO5: All other metals not listed in 500 500 500 500 500 500 500 500 500
row above (ppt, each) [21]
29% NH4OH: all other metals not listed in 500 500 500 500 500 500 500 500 500
row above (ppt, each) [21]
S - - -
100% TPA: all other metals not listed in 500 500 500 500 500 500 500 500 500
row above (ppt, each) [21]
30% H;0,: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD TBD TBD TBD
100% IPA — Specific organic acids:
formate, acetate, citrate, proprionate, TBD TBD TBD TBD TBD TBD TBD TBD TBD
oxalate (ppt, each)
IPA: High molecular weight organics (ppb) TBD TBD TBD TBD TBD TBD TBD TBD TBD
30%H,0;: resin byproducts (ppb) TBD TBD TBD TBD TBD TBD TBD TBD TBD
37% HCI: K, Ni, Cu, Cr, Co, (ppt, each) 1000 1000 1000 1000 1000 1000 1000 1000 1000
96% HySO4: K, Ni, Cu, Cr, Co, (ppt, each) | 1000 1000 1000 1000 1000 1000 1000 1000 1000
o - ; -

37% HCL: all other metals not listed inrow | 5054 | 19900 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000
above (ppt, each) [20]
96% HyS04: all other metals not listed in | 95599 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000
row above (ppt, each) [20]
]:a]ig)L solvents, strippers K, Li, Na, (ppt, 10000 10000 10000 10000 10000 10000 10000 10000 10000
CMP slqmes:_ scratching particles (/ml > TBD TBD TBD TBD TBD TBD TBD TBD TBD
key particle size) [9] [17]
Post-CMP clean chemicals:
particles>critical size (/ml) [1] [9] [17] TBD TBD TBD TBD TBD TBD TBD TBD TBD
Post-CMP clean chemicals: elements TBD TBD TBD TBD TBD TBD TBD TBD TBD TBD
(ppt, each) [17]
Plating chemicals: particles > critical size

TBD TBD TBD TBD TBD TBD TBD TBD TBD
(/ml) [1][9][17]
ILD CVD Precursors (e.g., Trimethylsilane, Tetramethylsilane) [25]
Metals except B, Au, Ag (ppb, each) <5 <5 <5 <5 <5 <5 <5 <5 <5
B, Au, Ag (ppb, each) <10 <10 <10 <10 <10 <10 <10 <10 <10
H>0O (ppm) <1 <1 <1 <1 <1 <1 <1 <1 <1
CO, CO; (ppm) <05 <05 <05 <05 <05 <05 <05 <05 <05
Non-methane hydrocarbons C,-C4 (ppm) <4 <4 <4 <4 <4 <4 <4 <4 <4
Nitrogen (ppm) <2 <2 <2 <2 <2 <2 <2 <2 <2
Ar+0; (ppm) <05 <05 <05 <05 <05 <05 <05 <05 <05
Chloride (ppm) <1 <1 <1 <1 <1 <1 <1 <1 <1
CVD Precursors (e.g., Trimethylaluminum) [25]
Metals each element (ppb) <150 <150 <150 <150 <150 <150 <150 <150 <150
O, (ppm) <10 <10 <10 <10 <10 <10 <10 <10 <10
Silicon (ppm) <1 <1 <1 <1 <1 <1 <1 <1 <1
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Table YE9a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Flash % Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 23 20
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Printed Gate Length (nm) 42 38 34 30 27 24 21 19 17
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Hydrocarbons (ppm) <5 <5 <5 <5 <5 <5 <5 <5 <5
Bulk Gases (Contaminants, ppbv) [5]

N3 (O,, Hp, HyO, CO, CO,, THC) [34] <5 <5 <5 <5 <5 <5 <5 <5 <5
0, (No) <50 <50 <50 <50 <50 <50 <50 <50 <50
0 (Ar) <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000
0, (Hp, H0, CO, CO,, THC) <10 <10 <10 <10 <10 <10 <10 <10 <10
Ar (N3, Oy, Ha, Hy0, CO, CO,, THC) [34] <5 <5 <5 <5 <5 <5 <5 <5 <5
Hy (No) <50 <50 <50 <50 <50 <50 <50 <50 <50
H, (0, H,0, CO, CO,, THC) <10 <10 <10 <10 <10 <10 <10 <10 <10
He (N>, Oy, Hp, H,0, CO, CO,, THC) <10 <10 <10 <10 <10 <10 <10 <10 <10
CO; (Np, CO, Hy0, Oy, THC) [35] <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000
Lithography Purge Gases

Critical clean dry air (H,0) <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000
Critical clean dry air (H,, CO) <2000 <2000 <2000 <2000 <2000 <2000 <2000 <2000 <2000
Critical clean dry air (organics (molecular

weight > benzene) normalized to <3 <3 <3 <3 <3 <3 <3 <3 <3
hexadecane equivalent) (ppb)

Critical clean dry air (total base as NH3) <1 <1 <1 <1 <1 <1 <1 <1 <1
(ppb)

Critical clean dry air (NH3 (as NH3)) (ppb) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Critical clean dry air (total acid including <01 <01 <01 <01 <01 <01 <01 <01 <01
SO; (as SO4)) (ppb) ' ' ' ' ' ' ' ' '
Critical clean dry air (SO4 (as SO4)) (ppb) <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
Critical clean dry air (Each‘re‘fractory A <01 <01 <01 <01 <01 <01 <01 <01 <01
compound (Organics containing S, P, Si)

Lithography nitrogen tool/maintenance <500 <500 <500 <500 <500 <500 <500 <500 <500
purging gas supply (H20, O, CO2) (ppb)

Lithography nitrogen tool/maintenance <2000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000
purging gas supply (CO) (ppb)

Lithography nitrogen tool/maintenance <2000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000
purging gas supply (H) (ppb)

Lithography nitrogen tool/maintenance

purging gas supply (orgamcs (molecular <3 <3 <3 <3 <3 <3 <3 <3 <3
weight > benzene) normalized to

hexadecane equivalent) (ppb)

Lithography nitrogen tool/maintenance

purging gas supply (total base (as NH3)) <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15
(ppb)

Lithography nitrogen tool/maintenance

purging gas supply (total acid (as SO4) <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025
including SO») (ppb)

Lithography nitrogen tool/maintenance

purging gas supply (refractory compounds <01 <01 <01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

(organics containing S, P, Si, etc.)
normalized to hexadecane equivalent) (ppb)
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Table YE9a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Flash ¥ Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 23 20
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Printed Gate Length (nm) 42 38 34 30 27 24 21 19 17
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Lithography helium tool/maintenance

. <3500 <3500 <3500 <3500 <3500 <3500 <3500 <3500 <3500
purging gas supply (H,0) (ppb)
Lithography helium tool/maintenance

. <4000 <4000 <4000 <4000 <4000 <4000 <4000 <4000 <4000
purging gas supply (O2, CO2) (ppb)
Lithography helium tool/maintenance

. <10000 <10000 <10000 <10000 <10000 <10000 <10000 <10000 <10000
purging gas supply (CO, Hy) (ppb)
Lithography helium tool/maintenance
purging gas supply (orgamcs(molecular <3 <3 <3 <3 <3 <3 <3 <3 <3
weight > benzene) normalized to
hexadecane equivalent) (ppb)
Lithography helium tool/maintenance
purging gas supply (total base (as NH3)) <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15
(ppb)
Lithography helium tool/maintenance
purging gas supply (total acid including <0.025 | <0.025 | <0.025 | <0.025 | <0.025 | <0.025 | <0.025 | <0.025 | <0.025
SOz (as SO4)) (ppb)
Lithography helium tool/maintenance
purging gas suppl_y (refractqry compounds <01 <01 <01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
(organics containing S, P, Si, etc.)
normalized to hexadecane equivalent) (ppb)
Number of particles > critical size (M) [1]| <100 <100 <100 <100 <100 <100 <100 <100 <100
Specialty Gases
Etchants (Corrosive, e.g., BCl3, Cly, HBr)
05, H,0 (ppbv) <500 <500 <500 <500 <500 <500 <500 <500 <500
g;‘)gjf)l [ng]“ﬁ"d metals/total metals <10/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000
Etchants (Non-corrosive, e.g., CsFg, C4Fg, C4Fg, CHoF>)
05, Hy0 (ppbv) ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000
Etchants (e.g., Xe)
05, HyO (ppbv) ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000
Deposition gases (e.g., SiHg, (CH3)3SiH)
05, H,0 (ppbv) <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000
Eﬁiif)l [Sf;’]“ﬁe‘i metals/total metals <10/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000
Dopants (ppbv) <1 <1 <1 <1 <1 <1 <1 <1 <1
Deposition gases (e.g., NH3)
037, HO (ppbv) <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000
%ﬁi’;‘; [ngf‘ﬁed metals/total metals <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000
Deposition gases (e.g., N2O, NO)
0,, Hy0 (ppbv) <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000
g;‘)gjf)l [ng]“ﬁ"d metals/total metals <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000
Deposition gases (e.g., WFg)
05, Hy0 (ppbv) ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000 ‘ <1000
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Table YE9a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
Flash % Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28 25 23 20
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Printed Gate Length (nm) 42 38 34 30 27 24 21 19 17
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
8;%35)1 [ng]“ﬁed metals/total metals <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000
Deposition gases—electrical dopants (e.g. AsH3, PH3, BoHg)

0O,, Hy (ppb [36] <500 <500 <500 <500 <500 <500 <500 <500 <500
Other dopants (ppbv) <1 <1 <1 <1 <1 <1 <1 <1 <1
E/Ia‘r’l‘:r‘lfg)o lerance for mixtures (relative +1% +1% +1% +1% +1% +1% +1% +1% +1%
Deposition gases—GeHy

0, H,0 (ppbv) <500 <500 <500 <500 <500 <500 <500 <500 <500
Other dopants (ppbv) <1 <1 <1 <1 <1 <1 <1 <1 <1
Mixing tolerance for mixtures +1% +1% +1% +1% +1% +1% +1% +1% +1%
Implant gases—AsH3, PH3, BF3

05, H,0 (ppbv) <500 <500 <500 <500 <500 <500 <500 <500 <500
Other dopants (ppbv) <1 <1 <1 <1 <1 <1 <1 <1 <1
Laser gases—Litho, (e.g., F2/Kr/Ne)

05, H,0 (ppbv) <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000
Mixing tolerance for F; (relative variance) +4% +4% +4% +4% +4% +4% +4% +4% +4%
Other constituents (ppbv) < 25000 < 25000 < 25000 < 25000 < 25000 < 25000 < 25000 < 25000 < 25000
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Table YEO9b Technology Requirements for Wafer Environmental Contamination Control—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
Flash % Pitch (nm) (un-contacted Poly)(f) 18 16 14 13 11 10 9
DRAM % Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Printed Gate Length (nm) 15 13 12 11 9 8

MPU Physical Gate Length (nm) 9 8 7 6 6 5

Wafer Environment Control such as Cleanroom, SMIF POD, FOUP, etc...not necessarily the cleanroom itself but wafer environment.

Numberofparticles(/m3)[1][2] | ISO CL1 | ISO CL1 | ISO CL1 | ISO CL1 | ISO CL1 | ISO CL1 | ISO CL1

Airborne Molecular Contaminants in Gas Phase (pptV V for Volume)) [3, 7, 12, 13, 14, 15, 33].

Lithography (cleanroom ambient) [23]

Total Inorganic Acids 5000 5000 5000 5000 5000 5000 5000
Total Organic Acids [30] TBD TBD TBD TBD TBD TBD TBD
Total bases 50,000 50,000 50,000 50,000 50,000 50000 50000
Sa‘iﬁfrzrt‘:gbtfﬁerf:g;:ég SEMS retention times 2benzene, | 55000 | 26000 | 26000 | 26000 | 26000 | 26000 | 26000
Refractory compounds (organics containing S, P, Si) 100 100 100 100 100 100 100
SMC (surface molecular condensable) refractory compounds

on wafers, ng/cmz/day [12] 2 2 2 2 2 2 2
Gate/Furnace area wafer environment (cleanroom/POD/FOUP ambient)

Total metals [8] 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Dopants [4] (front end of line only) 10 10 10 10 10 10 10
SMC (surface molecular condensable) organics on wafers,

ng/cmz/day[IZ] 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Salicidation Wafer Environment (Cleanroom/POD/FOUP ambient)

Total Inorganic Acids 10 10 10 10 10 10 10
Total Organic Acids [30] TBD TBD TBD TBD TBD TBD TBD
Exposed Copper Wafer Environment (Cleanroom/POD/FOUP ambient)

Total Inorganic Acids 500 500 500 500 500 500 500
Total Organic Acids [30] TBD TBD TBD TBD TBD TBD TBD
Total other corrosive species [32] 1000 1000 1000 1000 1000 1000 1000
H,S 1000 1000 1000 1000 1000 1000 1000
Total sulphur compounds 10000 10000 10000 10000 10000 10000 10000
Exposed Aluminum Wafer Environment (Cleanroom/POD/FOUP ambient)

Total Inorganic Acids 500 500 500 500 500 500 500
Total Organic Acids [30] TBD TBD TBD TBD TBD TBD TBD
Total other corrosive species [32] 1000 1000 1000 1000 1000 1000 1000
Reticle Exposure (Cleanroom/POD/Box ambient)

Total Inorganic Acids TBD TBD TBD TBD TBD TBD TBD
Total Organic Acids [30] TBD TBD TBD TBD TBD TBD TBD
Total Bases TBD TBD TBD TBD TBD TBD TBD
SMC (surface molecular condensable) organics on wafers,

ng/cmz/week[IZ] 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Critical areas (Litho, Metrology)

Temperature range in +K at POE [37] 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Xiz:lxégr%m short term temperature variation at POE in +K/5 10 10 10 10 10 1.0 1.0
1[\2[271?imum long term temperature variation in +K/hour at POE 10 1.0 10 10 1.0 1.0 1.0
Humidity range in + % r.H. at POE [37] 3 3 3 3 3 3 3
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Table YEOb Technology Requirements for Wafer Environmental Contamination Control—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
Flash % Pitch (nm) (un-contacted Poly)(f) 18 16 14 13 11 10 9
DRAM % Pitch (hm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) %2 Pitch (nm) 23 20 18 16 14 13 11
MPU Printed Gate Length (nm) 15 13 12 11 9 8
MPU Physical Gate Length (hm) 9 8 7 6 6 5
I}\’/I(e)lélgl;r]n short term humidity variation in +r.H./5 min at 5 5 5 5 5 5 5
Non-critical areas (others than Litho, Metrology)
Temperature range on =K at POE [37] 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Humidity range in + % r.H. at POE [37] 5 5 5 5 5 5 5
Process Critical Materials [5, 7]

Ultrapure Water [29]
Resistivity at 25°C (MOhm-cm) 18.2 18.2 18.2 18.2 18.2 18.2 18.2
Total oxidizable carbon (ppb) [22] <1 <1 <1 <1 <1 <1 <1
Bacteria (CFU/liter) [38] <1 <1 <1 <1 <1 <1 <1

Total silica (ppb) as SiO, [18]

Number of particles > 0.05 pm (/ml) [26]

Dissolved oxygen (ppb) (contaminant based) [16] POE <10 <10 <10 <10 <10 <10 <10
Dissolved nitrogen (ppm) [10] 8-18 8-18 8-18 8-18 8-18 8-18 8-18
Critical metals (ppt, each) [6] <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Other critical ions (ppt each) [24] <50 <50 <50 <50 <50 <50 <50
Temperature stability (K) +1 +1 +1 +1 +1 +1 +1

Temperature gradient in K/10 minutes [22] for immersion <01 <01 <01 <01 <01 <01 <01

photolithography

Liquid Chemicals

49% HF: number of particles/ml >0.065pm [1] [11]

37% HCI: number of particles/ml >0.065um [1] [11]

30% H;0,: number of particles/ml >0.065um [1] [11] <100 <50 <50 <50 <50 <50 <50

29% NH4OH: number of particles/ml >0.065um [1] [11] <100 <50 <50 <50 <50 <50 <50

100% IPA: number of particles/ml >0.065um [1] [11] <100 <50 <50 <50 <50 <50 <50
0, . 1

49% HF: Na, K, Fe, Ni, Cu, Cr, Co, Ca, (Ag, Au, Pd, Pt, Ru) 150 150 150 150 150 150 150

(ppt, each) [21]

49% HF: Cl (ppt) 10000 10000 10000 10000 10000 10000 10000

30% HO5: Al, Na, K, Fe, Ni, Cu, Cr, Co, Ca, (Ag, Au, Ba,

Cd, Mg, Mn, Mo, Pb, Pd, Pt, Ru, Sn, Ti, V, W, Zn) (ppt, each) 150 150 150 150 150 150 150

[21]

30% H;0,: SiO; (ppt) [27] 5000 5000 5000 5000 5000 5000 5000

29% NH4OH: Al, Na, K, Fe, Ni, Cu, Cr, Co, Ca, (Au, Ba, Cd,

Mg, Mn, Mo, Pb, Pd, Pt, Ru, Sn, Ti, V, W, Zn) (ppt, each) 150 150 150 150 150 150 150

[21]

100% IPA: Na, K, Fe, Ni, Cu, Cr, Co, Ca (ppt, each) [28] 150 150 150 150 150 150 150

100% IPA: CI (ppt) [28] 100000 100000 100000 100000 100000 100000 100000

100% IPA: Br (ppt) [28] 100000 100000 100000 100000 100000 100000 100000

100% IPA: F (ppt) [28] 100000 100000 100000 100000 100000 100000 100000
0, . 1 1

?290/]0 HF: All other metals not listed in row above (ppt, each) 500 500 500 500 500 500 500

30% HO»: All other metals not listed in row above (ppt, 500 500 500 500 500 500 500

each) [21]

i:c"ﬁ)l\g{f]OH: all other metals not listed in row above (ppt, 500 500 500 500 500 500 500

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



SEEVYEE 39

Table YEO9b Technology Requirements for Wafer Environmental Contamination Control—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
Flash % Pitch (nm) (un-contacted Poly)(f) 18 16 14 13 11 10 9
DRAM % Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 23 20 18 16 14 13 11
MPU Printed Gate Length (nm) 15 13 12 11 9 8

MPU Physical Gate Length (nm) 9 8 7 6 6 5

Ez(){)]% IPA: all other metals not listed in row above (ppt, each) 500 500 500 500 500 500 500
30% H;O5: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD TBD
Il);)(?];’ﬁ (I)E;\t;ir:aelcaitf;c( I;);tg,a;lai(u":ha)cids: formate, acetate, citrate, TBD TBD TBD TBD TBD TBD TBD
IPA: High molecular weight organics (ppb) TBD TBD TBD TBD TBD TBD TBD
30%H,0;: resin byproducts (ppb) TBD TBD TBD TBD TBD TBD TBD
37% HCI: K, Ni, Cu, Cr, Co, (ppt, each) 1000 1000 1000 1000 1000 1000 1000
96% H3S04: K, Ni, Cu, Cr, Co, (ppt, each) 1000 1000 1000 1000 1000 1000 1000
?27(‘;? HCI: all other metals not listed in row above (ppt, each) 10000 10000 10000 10000 10000 10000 10000
zgzﬁ)fg(s);u: all other metals not listed in row above (ppt, 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000
BEOL solvents, strippers K, Li, Na, (ppt, each) 10000 10000 10000 10000 10000 10000 10000
[Cl1\7/I]P slurries: scratching particles (/ml > key particle size) [9] TBD TBD TBD TBD TBD TBD TBD
Eo;]t—CMP clean chemicals: particles>critical size (/ml) [1] [9] TBD TBD TBD TBD TBD TBD TBD
Post-CMP clean chemicals: elements TBD (ppt, each) [17] TBD TBD TBD TBD TBD TBD TBD
Plating chemicals: particles > critical size (/ml) [1] [9] [17] TBD TBD TBD TBD TBD TBD TBD
ILD CVD Precursors (e.g., Trimethylsilane, Tetramethylsilane) [25]
Metals except B, Au, Ag (ppb, each) <5 <5 <5 <5 <5 <5 <5
B, Au, Ag (ppb, each) <10 <10 <10 <10 <10 <10 <10
H,0 (ppm) <1 <1 <1 <1 <1 <1 <1
CO, CO; (ppm) <0.5 <05 <05 <05 <05 <05 <05
Non-methane hydrocarbons C,-C4 (ppm) <4 <4 <4 <4 <4 <4 <4
Nitrogen (ppm) <2 <2 <2 <2 <2 <2 <2
Ar+O, (ppm) <05 <05 <05 <05 <05 <05 <05
Chloride (ppm) <1 <1 <1 <1 <1 <1 <1
CVD Precursors (e.g., Trimethylaluminum) [25]
Metals each element (ppb) <150 <150 <150 <150 <150 <150 <150
O, (ppm) <10 <10 <10 <10 <10 <10 <10
Silicon (ppm) <1 <1 <1 <1 <1 <1 <1
Hydrocarbons (ppm) <5 <5 <5 <5 <5 <5 <5
Bulk Gases (Contaminants, ppbv) [5]
N, (02, Hy, H70, CO, CO,, THC) [34] <5 <5 <5 <5 <5 <5 <5
0, (N2) <50 <50 <50 <50 <50 <50 <50
0, (Ar) <1000 <1000 <1000 <1000 <1000 <1000 <1000
0, (Hp, H,0, CO, CO,, THC) <10 <10 <10 <10 <10 <10 <10
Ar (N3, Oy, Hy, Hy0, CO, CO,, THC) [34] <5 <5 <5 <5 <5 <5 <5
Hy; (Np) <50 <50 <50 <50 <50 <50 <50
H; (03, H70, CO, CO,, THC) <10 <10 <10 <10 <10 <10 <10
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Table YEOb Technology Requirements for Wafer Environmental Contamination Control—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
Flash % Pitch (nm) (un-contacted Poly)(f) 18 16 14 13 11 10 9
DRAM % Pitch (hm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) %2 Pitch (nm) 23 20 18 16 14 13 11
MPU Printed Gate Length (nm) 15 13 12 11 9 8 8
MPU Physical Gate Length (hm) 9 8 7 6 6 5 4
He (N, O,, Hy, H,0, CO, CO,, THC) <10 <10 <10 <10 <10 <10 <10
CO;, (N, CO, Hy0, Oy, THC) [35] <1000 <1000 <1000 <1000 <1000 <1000 <1000
Lithography Purge Gases
Critical clean dry air (H,0) <1000 <1000 <1000 <1000 <1000 <1000 <1000
Critical clean dry air (Hp, CO) <2000 <2000 <2000 <2000 <2000 <2000 <2000
Crltlcal' clean dry air (orgamcs_(molecular weight > benzene) <3 <3 <3 <3 <3 <3 <3
normalized to hexadecane equivalent) (ppb)
Critical clean dry air (total base as NH3) (ppb) <1 <1 <1 <1 <1 <1 <1
Critical clean dry air (NH3 (as NH3)) (ppb) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Critical clean dry air (total acid including SO, (as SO4)) (ppb) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Critical clean dry air (SO4 (as SO4)) (ppb) <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
Cr1t1c_al_clean dry air (Each refractory compound (Organics <01 <01 <01 <01 <01 <01 <01
containing S, P, Si)
Lithography nitrogen tool/maintenance purging gas supply
<500 <500 <500 <500 <500 <500 <500
(H0, O, CO») (ppb)
Lithography nitrogen tool/maintenance purging gas supply <2000 <2000 <2000 <2000 <2000 <2000 <2000
(CO) (ppb)
%;;S(E%Ilf]f)hy nitrogen tool/maintenance purging gas supply <2000 <2000 <2000 <2000 <2000 <2000 <2000
Lithography nitrogen tool/maintenance purging gas supply
(organics (molecular weight > benzene) normalized to <3 <3 <3 <3 <3 <3 <3
hexadecane equivalent) (ppb)
Lithography nitrogen tool/maintenance purging gas supply
(total base (as NH3)) (ppb) <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15
Lithography nitrogen tool/maintenance purging gas supply <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025
(total acid (as SO4) including SO7) (ppb) ' ' ' ' ' ’ ’
Lithography nitrogen tool/maintenance purging gas supply
(refractory compounds (organics containing S, P, Si, etc.) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
normalized to hexadecane equivalent) (ppb)
Lithography helium tool/maintenance purging gas suppl
sropLy Priging gas supply <3500 | <3500 | <3500 | <3500 | <3500 | <3500 | <3500
(H20) (ppb)
Lithography helium tool/maintenance purging gas supply (O», <4000 <4000 <4000 <4000 <4000 <4000 <4000
CO») (ppb)
Lithography helium tool/maintenance purging gas supply (CO,
£TEpRY purging 25 SpPly (CO. 10000 | <10000 | <10000 | <10000 | <10000 | <10000 | <1000
Hy) (ppb)
Lithography helium tool/maintenance purging gas supply
(organics(molecular weight > benzene) normalized to <3 <3 <3 <3 <3 <3 <3
hexadecane equivalent) (ppb)
Lithography helium tool/maintenance purging gas supply
(total base (as NH3)) (ppb) <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15
Lithography helium tool/maintenance purging gas supply
(total acid including SO, (as SO4)) (ppb) <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025
Lithography helium tool/maintenance purging gas supply
(refractory compounds (organics containing S, P, Si, etc.) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
normalized to hexadecane equivalent) (ppb)
Number of particles > critical size (/M3) [1] <100 <100 <100 <100 <100 <100 <100
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Table YEO9b Technology Requirements for Wafer Environmental Contamination Control—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
Flash % Pitch (nm) (un-contacted Poly)(f) 18 16 14 13 11 10 9
DRAM % Pitch (nm) (contacted) 23 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) %2 Pitch (nm) 23 20 18 16 14 13 11
MPU Printed Gate Length (nm) 15 13 12 11 9 8

MPU Physical Gate Length (nm) 9 8 7 6 6 5

Specialty Gases

Etchants (Corrosive, e.g., BCls, Cly, HBr)

0O, HyO (ppbv) <500 <500 <500 <500 <500 <500 <500
Critical specified metals/total metals (ppbw) [19] <1/1000 | <1/1000 | <1/12000 | <1/1000 | <1/1000 | <1/1000 | <1/1000
Etchants (Non-corrosive, e.g., CsFg, C4Fg, C4Fg, CHoF>)

05, H20 (pphv) | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000
Etchants (e.g., Xe)

02, Hy0 (ppbv) | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000
Deposition gases (e.g., SiHz, (CH3)3SiH)

03, H20 (ppbv) < 1000 < 1000 < 1000 < 1000 < 1000 < 1000 <1000
Critical specified metals/total metals (ppbw) [19] <1/1000 <1/1000 <1/1000 <1/1000 <1/1000 <1/1000 <1/1000
Dopants (ppbv) <1 <1 <1 <1 <1 <1 <1
Deposition gases (e.g,. NH3)

03, H20 (ppbv) < 1000 < 1000 < 1000 < 1000 < 1000 < 1000 <1000
Critical specified metals/total metals (ppbw) [19] <1/1000 <1/1000 <1/1000 <1/1000 <1/1000 <1/1000 <1/1000
Deposition gases (e.g., N,O, NO)

03, H>0 (ppbv) < 1000 < 1000 < 1000 < 1000 < 1000 < 1000 <1000
Critical specified metals/total metals (ppbw) [19] <1/1000 <1/1000 <1/1000 <1/1000 <1/1000 <1/1000 <1/1000
Deposition gases (e.g., WFg)

03, H>0 (ppbv) < 1000 < 1000 < 1000 < 1000 < 1000 < 1000 <1000
Critical specified metals/total metals (ppbw) [19] <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000 | <1/1000
Deposition gases—electrical dopants (e.g. AsH3, PH3, BoHg)

03, H, (ppb [36] <500 <500 <500 <500 <500 <500 <500
Other dopants (ppbv) <1 <1 <1 <1 <1 <1 <1
Mixing tolerance for mixtures (relative variance) +1% +1% +1% +1% +1% +1% +1%
Deposition gases—GeHy

03, Hy0 (ppbv) <500 <500 <500 <500 <500 <500 <500
Other dopants (ppbv) <1 <1 <1 <1 <1 <1 <1
Mixing tolerance for mixtures +1% +1% +1% +1% +1% +1% +1%
Implant gases—AsH3, PH3, BF3

0, HyO (ppbv) <500 <500 <500 <500 <500 <500 <500
Other dopants (ppbv) <1 <1 <1 <1 <1 <1 <1
Laser gases—L.itho, (e.g. Fo/Kr/Ne)

0, HyO (ppbv) <1000 <1000 <1000 <1000 <1000 <1000 <1000
Mixing tolerance for F, (relative variance) 4% 4% 4% 4% 4% 4% 4%
Other constituents (ppbv) <25000 | <25000 | <25000 | <25000 | <25000 | <25000 | < 25000
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! Cooper, D. W., “Comparing Three Environmental Particle Size Distributions,” Journal of the IES, Jan/Feb 1001, 21-24

2 Pui, D. Y. H. and Liu, B.Y.H., “Advances in Instrumentation for Atmospheric Aerosol Measurement,” TSI Journal of Particle
Instrumentation, Vol 4. (2) Jul-Dec 1989, 3-2.

%1S0 14644-1 Cleanrooms and Associated Controlled Environments-Part 1: Classification of Air Cleanliness.
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IR THAD, BREEDDD AXNAFYLD R EHN Ty 1 Tl 8—=T 4 7V THHZ EIZERE LT TR 5720,
Tz DR S—T 4 VWIS R EEL DA VLU THIENITERFFES LTI, BREENDDIZEAE D AZ VT EE
WENTHDHIEAD, N7 R a'A(BEP)X FEP L0/ X—7 ¢ 7 VL R TR A VTR CTRUSR Ty ME A 128
Do M D7 2= DAY T D 2fEDAN ZIIRIHCERNEL , 24 B BB L2 = — OGE IR I
2o

[15]7 = — FRE R EZEO T v A TIRILDITHERER LT = — NI ZRB SN2 | 24 B2 FE T D241
FO, V= OIFEGIIRFS D, EFE SMC(RE 4 T1592) D FIRMEIX P72 DO THY T X TOT BEART Y
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T AT A RREMELHY , RFTREKIEELH DT S — N LD~V AT DD B D,
[1611E1E#ETE (DO) 137 — MR L BTG &K FE Sy L _R—=F S TR0 Si0, & Cu i IE IS T 5Ty F L — NI
2%, BOL-IUIHL- LB G NMETHD, RICHTN TODO T NITE N~ EERRITE 7 o A~ D8
L THEVEETRNEEZ LD, BLFFED TREDOY = — "DPMEL LV OFESR IR E 2 HERF T AN BT 5 1,
RVETFEER TV T ANV IREL T HRID S /D 2T BB ARERIZ B W TR T 52 L6 501557259,
WO ASERELTE TGt DO X0 D7 v AT LT A REM A EE 25N TEY, DO IXEITEDS
NTWAIELY 3 KT EE WL~ TIEH SN TS, DO D% EL Ty F L —MNIT R TOMBHI L CERR R
BT, FFIZ Cu Oy F L —NE DO 73 300ppb TIXIFEM K275,

[17] L% LN TOAIES 2L FIE T T5 B AL~ AL IRL H O/ — T I SoA R OVE YD
T NADEBEY BAEIZZ0DNBR, ZNHD T A—H IS B EEIND A REIEOHD IV T 4N 72b Db
LGRS TRY, IEfERL L EERT HIEEIIBEETH Th D,

[18] UPW HF DI IINE, Ve — DU A —F—<—I DK 70D, 7 o— N REDOIEH B IO, %I w2 HER
LTey Vb Ee v+ —F—~— 7 O EHER R K L7025, R OMEIZHAA72 90nm 7/ A A& T RWES VIR B
ZIANTLTND, T A AREE DS IO 72U VDR E O ERIZIVIELS b LT llsvs, UPW HOT YD
RELD p—2—~— VDR REBEIREREC T DM BN DD, R LRSSV OZFLE T 50ppt & 300ppt DA
UPW EH T A—H LU TOENLISIT-, 2SO fL IBEENT-AF L ZBHEIGT =4 LTV B R
ST 2720 AF B 0 DR B mn TEEL TR > T, TAUHITER7: UPW AT AJREL LT
Tt A FEETIIRVOTHENSRINL T,

[1917VF 4 V72 A2 DY AR (5] Al, Ca, Cu, Fe, Mg, Ni, K, Si, Na) [Z Ak o COAZ L OB E LRI — iR
{LIEOEHENE, DEE VT TA T A LD I IRELRNIRTA—H DB NATFT DT 0w A3 B T5, Vet
AT SN DI L3 T HTE 20 ISR T BN A VT EE THD A, KA AR DA AT DN TIEH A

4 SEMI MF1982-1103 (previously ASTMF 1982-99e1), Standard Test Methods for Analyzing Organic Contaminants on Silicon Wafer
Surfaces by Thermal Desorption Gas Chromatography, SEMI.
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[23]7 4NV 757 4—0D AMC ORI ArF L — —Z2 (7 22EE D7D THY, 2L TV I T 71— iEA—T1—
MOANDENTEICTE SN TS, T RTCDOT MY T 7 —HEE 1T E N O 2R T5 8T A0 >
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FThbd,

[25]CVD X°> ALD THEHSND TV —H—DZALILINGD T 7V —a LRERICH N U T Td, 5D Ff
ML ~UTE S TAL NS> TR A B L T %, Lo A2 7Y 1 — Y — ORI T Z b 2 k5 L=V 7
— = TREN TS,

[2612006 £E0D 7 —F ¢ 7 VAEIE 2005 4E0D 45nm-130nm O BLE/BHHE T A N2 CL—W — 3 EHE SEM TRAAIL 7=
—T AT IVED UPW RoF~— it E R L QD ZOMEIEEHAITEIHEIEL T, WANARRLELEE S
FEAEN L —F = FFHC I DFHAFEZ L THY ., o bbIRBAVVEN L7 > TS, BITEOL —H —3k
FROBHNT>0.05um D/X—=T 4 Z7)VBRFTHY | TH A= D 12 & A LI T VT AN AR D 8—=T 47
IWERRHIEIARFRE TH D, LNLARND, Ve— KEDfEE UPW /N—T 4 7V DRIOBARY = — " EKHE DAL L T
ITRS B —R~v 7D FEP(Z R b R 7 a2 IV E ST O TE RSN TWDIRSTAIZR N LTI LS T
v \7‘;1, N,

[27]H202 FHOMT =A PR EEITIEIR D FMICKE BT HILE2ZE T OLEN DD, IHIT, F(7YHAT )L
FIRA K I ppm & ENDHET = — BTy T T T D,

[28]1100ppb L0 E X BEOL(/ S/ T RTA L 7 a2 CRICIE R Z 5 & 2T,

[29]5F FF DABHAK /T A— 2T HE TBINZERZINTOZRWERY, Ieb 7V T 4 727 o A A SN 481>
WTIRBEL TWD, SERDERITE —EZHIHD,

[30]7V—> L — LB BE R O SR 70 G RERA L U ClERE, 7 = g, Xk, ZVa— Vg, 1L, v =U kL 7/t
VR /o TTODHDRBIRL TS, O FHERED BITRL TODE LIV, ZIHDERIIERFR 7 4L 2 — THER
MRETXA,

BIFEAAMIZIE, BRFREIOFEE LR 0B DM % 52 TNDBISEMNR A T A M@ A i~ T T =2
TINLBENTND, A TAL OEfET =) T ENEBTERD-Teh, T OmEE LB L O W] T —
RFA 7R BB ASRE T 720120 7K b 4 BER AN O SR T — 22 Biftl, E51T 24 KL DR o To T —#
G 2E1H 5,

[B2JEFE DI DG BTG Y% & te, WES FIRA B B2 5| SR T ZEITRWICERD B 5, R EITE R
PEDOBRBE CIL CEAIRVIEL ~UICHERF T R&ETH D,

[33]ng/L 75 ppt ~DFH: [(ng/(L Z25H) X (22.4 L 225 H1)/mol 225 H' / 431 E(ng/nmol)) X 1000picomol/nmol ]
= picomol/mol ZE5H' = ppt “E /L and/or ppt A FE

[34]A/ R0 XD IH 77 v ADEED POE DIEFALDOT-DIT N2 & Ar NEREIL TS,

[35]12200 CO2 137 = Mg & DO EEE 2 SN DL O ERDTEY, BIUT 47V 78 CO2 ~Dii R 74
ToF LT DD DED TR,
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[36] =t - V5L DS B @45nm; B 57 Tld B2H6/GeH4/PH3/AsH4 (25 LT 100ppb (21 LT D4 B2 55,
B7EENIE VR FR (LR EO—E T CEFR I TV D, POE DUT7 7L ARA L SOBFTIE R A SH VD5 0.3m
ARSI TND, B DR TIE, V7 7LV ARA R EREDOI=2 o A A hDIEE DT 4V Z—NEREDIH
TIHRERIE OB B0 b LIVRWD T, BUERIEE X7 — 2 b — LNICBR A RN 28 ER T2,
[38)7E 72 UPW VAT LAH ORI TITHII KK Th b, Thz, 7T UV TIEOFRIEL 1ICFU/L UL FThd,
WA SN A7 TUT R ITEIFRFE THY 3o 7 5 RO BB BT 1 KON ICE W EITER LS
(LOFEBITHEBIA B OTE B % RS\, A FIE S0,
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HBEVET IV EEBETA R
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DELIR D, BUIR, BREVBHRE 1L, o7&, SEFEMNC IR 1L DB O ORI 3D+ 53 708k
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T ADAN—EEE J:ZD/\7)<]\)/77&%%5ﬂ@%ﬁ?ﬂﬁﬁ'ﬁ“5@ﬁ753%50 ZAUZEY, TR AR A
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20|0 ’ 2008 2009 20|:LO 2011 2012 20|l3 2014 2015 20|16 2017 2018 20|19 2020 2021 2022

DRAM 1/2 Pitch 65pm 45nm 32nm 22nm 16pm 11pm
T T T T T T T T T T

SMLY model generation - }
SMLY model based DFM -

Scaling process complexity — -

DEFECT BUDGETING

Test structures to classify and
quantify SMLY and/or
non-visual defects

N Research Required I Development Underway [———1 Qualification/Pre-Production Continuous Improvement

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

Figure YE2 Yield Model and Defect Budget Potential Solutions
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U= NTy P ERAULEROM AR T, R SRR A — NI 2 Bk A 2 9572012, S 5hF
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V2 RMGFRAT ER R TR DT D121 ZABIE T = — Ty D LRSS ORI A L E 2 — T XA RE
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-
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I Resecarch Required [ Development Underway [ | Qualification/Pre-Production Y Continuous Improvement

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

Figure YE3 Defect Detection and Characterization Potential Solutions
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can form SMC on optics, (ex.
silicon, sulfur, phosphorus)

On-line monitor for AMC

improvements of amines. | A I I T T

detection

On-line monitor for AMC

contaminants - acids MA &\\\\\\\\\\\\\\\\\\\\\\\\\\\W

beyond corrosion monitoring

On-line monitor for AMC
contaminants - condensable
orgaincs - improvement
needed to detect high

molecular weight species
(semi-VOC)

Reduced cost of ownership for
AMC control

emissions

Verification for AMC limits

relative to process excursions &\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\N

or yield events

UPW

z\:llae;:i)ﬁﬁlypling/detection &\\\\\\\\\\\\\\\\\\N

Tool blanketing to preclude
dissolved O, increase

Particle counting techniques
for direct measurement of
smaller particles

Organics analytical capabilities

eiiiipaib-eel|AAEEEEEEEE

chemical species / class

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

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

Figure YE4 Wafer Environmental and Contamination Control 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 11lnm

CHEMICALS
Contaminant monitoring for
defect prevention — particles
(65 nm laser particle counter
monitoring and improved
sampling statistics)

Development of sub 65 nm

particle counter - ‘
Filtration 0.05 um with high flux

(1 gpmi0.5 pi10"1cP) -
Filtration 0.02/0.04 um with

high flux (1 gpm/0.5 psi/10"/ -
1cP) ‘

Reduced pressure fluctuations

tasserrwuill I\

pressure and flow control

Particle characterization to
identify source of

& eaton mm
Anion & cation measurement in|

process chemicals, e.g.,
cleaning chemicals

Organic measurement (TOC

and speciation) in process _ ‘

chemicals, e.g., H,0,, IPA

Contaminant characterization
in CMP slurries, e.g., zeta ‘
potential, particles size

distribution

On-line contaminant and
constituant measurement in
plating chemicals, e.g., copper
sulfate, organic additives
Particle measurement for
precursors

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

GASES
Development of statistically
process controlled (SPC)
based specifications for critical
specialty gases

Bulk gas purity requirements,
specifically of carrier and
purge gased for moisture
sensitive materials

Blending accuracy for low
concentrations of dopant
mixtures

Hl Research Required [ Development Underway —1 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 YE4 Wafer Environmental and Contamination Control Potential Solutions (continued)
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