B8 F 02k (YIELD ENHANCEMENT)
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Table 108 Definitions for the Different Interface Points

POS POD POC POE POU POP
Delivery Pointof | Outlet of Central Submain or Entry to Equipment | Entry to the Process | Contact with Wafer
Gas/Chemical Facility System VMB/VMP Take off | or Sub Equipment Chamber
Supplier Valve
ITRS Front End
Processes,
Lithography,
SEMI Standards ITRS Factory Integration Facilities Group | ITRS Factory Integration Equipment Group | Interconnect TWG
Interfaces Focus Area Focus Area Focus Area Focus Area
Ultrapure water Raw water Outlet of final Outlet of submain Inlet of wet bench Inlet of wet bench Wafer in production
filtration in UPW take off valve bath, spray nozzle, or
plant connection point to
piping, which is also
used for other
chemicals
Process chemicals Chemical Outlet of final Outlet of VMB valve | Inlet of wet bench or | Inlet of wet bench Wafer in production
drunv/tote/bulk filtration of chemical intermediate tank bath or spray nozzle
supply distribution unit
Specialty gases Gas cylinder or bulk | Outlet of final Outlet of VMB valve | Inlet of equipment Inlet of chamber Wafer in production
specialty gas systems | filtration of gas (outlet of MFC)
cabinet
Bulk gases Bulk gas delivered | Outlet of final Outlet of submain Inlet of equipment/ | Inlet of chamber Wafer in production
on site or gas filtration/purification | take off valve or subequipment (outlet of MFC)
generator VMB valve
Cleanroom and Outside air Outlet of make-up air | Outlet of filters in Inlet to Gas/air in vicinity to | Wafer/substrate in
AMC handling unit cleanroom ceiling mini-environment or | wafer/substrate production (AMC/
sub equipment SMC)

POD—point of delivery POC—point of connection POE—point of entry POU—point of use VMB— valve manifold box
VMP— valve manifold post UPW—ultra pure water MFC—mass flow controller AMC—airborne molecular contamination
SMC—surface molecular contamination
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Table 109

Yield Enhancement Difficult Challenges
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Table 110 Defect Budget Technology Requirement Assumptions

Product MPU DRAM
Yield Ramp Phase Volume Production Volume Production
YovERALL 75% 8596
YRANDOM 83% 89.5%
YSYSTEMATIC 90% 95%

Cluster Parameter

2

2
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A Starting Materials and Surface Preparation technologies CTlFiEI R EVET LE TS, ZD728
Yield Enhancement [EF WG, Starting Material ¥~ WG (FEP [EFE WG) . & O Surface Preparation =7
WG (FEP [EER WG) DRI TR EDET /MR Dikima i E-> TD, ZIVbDigima 8L ITRS THWG
NOBREEVET VD —EI, THUTTE KR OUETITIE YMDB O Table $28 ES1576 LALZRV Y,
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Table 111a Yield Model and Defect Budget MPU Technology Requirements—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013

DRAM ¥: Pitch (nm) (contacted) 80 70 65 57 50 45 40 35 32

IE/AI]DU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) %0 78 68 50 52 45 20 35 3

MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13

Critical Defect Size (nm) 45 39 34 295 26 225 20 18 16
Chip Size (mm?) [B] 111 88 140 111 88 140 111 88 140
g‘z’srglrl Er‘z:tr;ﬁ'c?" (faults/m) at Critical Defect |,y | o510 | opi0 | 2210 | 2210 | 2210 | 2200 | 2200 | 2210
Random Dy (faults/m?) [D] 1757 2214 1395 1757 2214 1395 1757 2214 1395

Number of Mask Levels [E] 33 33 33 35 35 35 35 35 37

Random Faults/Mask 53 67 42 50 63 40 50 63 38

MPU Random Particles per Wafer pass (PWP) Budget (defects/m?) for Generic Tool Type Scaled to 45 nm Critical Defect Size or Greater

CMP clean 276 207 157 112 87 65 51 42 31

CMP insulator 667 501 381 270 210 157 124 101 75

CMP metal 755 567 431 306 238 178 141 114 85

Coat/develop/bake 120 90 69 49 38 28 22 18 14

CVD insulator 594 446 339 241 187 140 111 ) 67

CVD oxide mask 780 586 445 316 246 184 145 118 88

Dielectric track 189 142 108 7 60 45 35 29 21

Furnace CVD 338 254 193 137 106 80 63 51 38

Furnace fast ramp 307 230 175 124 97 72 57 46 35

Furnace oxide/anneal 198 149 113 80 62 47 37 30 22

Implant high current 264 199 151 107 83 62 49 40 30

Implant low/medium current 242 182 138 98 76 57 45 36 27

Inspect PLY 246 185 140 100 77 58 46 37 28

Inspect visual 264 199 151 107 83 62 49 40 30

Lithography cell | 205 154 117 83 65 48 38 31 23

Lithography stepper 194 145 111 78 61 46 36 29 22

Measure CD 230 173 132 93 73 54 43 35 26

Measure film 198 149 113 80 62 47 37 30 22

Measure overlay 184 138 105 74 58 43 34 28 21

Metal CVD 360 271 206 146 113 85 67 54 41

Metal electroplate 187 140 107 76 59 44 35 28 21

Metal etch 800 601 457 324 252 189 149 121 90

Metal PVD 411 309 235 167 129 97 77 62 46

Plasma etch 728 547 416 295 229 172 136 110 82

Plasma strip 336 253 192 136 106 79 63 51 38

RTP CVD 220 166 126 89 69 52 41 33 25

RTP oxide/anneal 144 108 82 58 45 34 27 22 16

Test 57 42 32 23 18 13 11 9 6

Vapor phase clean 506 380 289 205 159 119 94 76 57

Wafer handling 23 17 13 9 7 5 4 3 3

Wet bench 329 247 188 133 104 78 61 50 37
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Table 111b Yield Model and Defect Budget MPU Technology Requirements—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥ Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) [A] 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Critical Defect Size (nm) 14 125 115 10 9 8 7
Chip Size (mm?) [B] 111 88 140 111 88 140 111
Overall Electrical Dy (faults/m?) at Critical Defect Size Or Greater [C] 2210 2210 2210 2210 2210 2210 2210
Random Dy (faults/m?) [D] 1757 2214 1395 1757 2214 1395 1757
Number of Mask Levels [E] 37 37 37 39 39 39 39
Random Faults/Mask 47 60 38 45 57 36 45
MPU Random Particles per Wafer pass (PWP) Budget (defects/m?) for Generic Tool Type Scaled to 45 nm Critical Defect Size or Greater
CMP clean 24 19 16 12 9 7 6
CMP insulator 58 46 39 28 23 18 14
CMP metal 65 52 44 32 26 20 15
Coat/develop/bake 10 8 7 5 4 3 2
CVD insulator 51 41 35 25 20 16 12
CVD oxide mask 67 54 45 33 26 21 16
Dielectric track 16 13 11 8 6 5 4
Furnace CVD 29 23 20 14 11 9 7
Furnace fast ramp 26 21 18 13 10 8 6
Furnace oxide/anneal 17 14 12 8 7 5 4
Implant high current 23 18 15 11 9 7 5
Implant low/medium current 21 17 14 10 8 6 5
Inspect PLY 21 17 14 10 8 7 5
Inspect visual 23 18 15 11 9 7 5
Lithography cell 18 14 12 9 7 5 4
Lithography stepper 17 13 11 8 7 5 4
Measure CD 20 16 13 10 8 6 5
Measure film 17 14 12 8 7 5 4
Measure overlay 16 13 11 8 6 5 4
Metal CVD 31 25 21 15 12 10 7
Metal electroplate 16 13 11 8 6 5 4
Metal etch 69 55 47 33 27 21 16
Metal PVD 36 28 24 17 14 11 8
Plasma etch 63 50 42 30 25 19 15
Plasma strip 29 23 20 14 11 9 7
RTP CVD 19 15 13 9 7 6 5
RTP oxide/anneal 12 10 8 6 5 4 3
Test 5 4 3 2 2 2 1
Vapor phase clean 44 35 29 21 17 14 10
Wafer handling 2 2 1 1 1 1 0
Wet bench 28 23 19 14 11 9 7

Tablel1la &b D:

[A]ORTC Tablela & 1b CTiEFE

[B] ORTC Tablelg & 1h TiEFE

[C] BEPERFRAANEZ 75% EARE

[D] ORTC TableSa & 5b THEFE, 724 LR MAERE ALY (RDLY) 83 % LA E
[E] ORTC Table5a & 5b TEFE
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Table 112a Yield Model and Defect Budget DRAM Technology Requirements—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM % Pitch (nm) (contacted) [A] 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 0 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
Critical Defect Size (nm) 40 35 325 285 25 225 20 175 16
Chip Size (mm?) [B] 88 139 110 74 117 93 74 117 93
Cell Array Area (%) at Production [B] 63% 63% 63% 56% 56% 56% 56% 56% 56%
Non-core Area (mm?) 32 51 41 32 51 41 32 51 41
gtv;rslcljlzzg'cctasllZ"éfra:r'z iz?[ g 520 | 3288 | 4143 | 5219 | 3288 | 4143 | 5219 | 3288 | 4143
Random Dy (faults/m?) [D] 3517 2216 2791 3516 2215 2791 3516 2215 2791
Number of Mask Levels [E] 24 24 24 24 24 26 26 26 26
Random Faults/Mask 147 92 116 147 92 107 135 85 107
DRAM Random Particle per Wafer pass (PWP) Budget (defects/m?) for Generic Tool Type Scaled to -40 nm Critical Defect Size or Greater
CMP clean 1808 872 872 872 445 419 417 201 201
CMP insulator 1400 675 675 675 344 324 323 156 156
CMP metal 2145 1035 1035 1035 528 497 495 239 239
Coat/develop/bake 559 270 270 270 138 130 129 62 62
CVD insulator 1552 748 748 748 382 360 358 173 173
CVD oxide mask 1905 919 919 919 469 441 439 212 212
Dielectric track 784 378 378 378 193 182 181 87 87
Furnace CVD 1072 517 517 517 264 248 247 119 119
Furnace fast ramp 1009 487 487 487 248 234 233 112 112
Furnace oxide/anneal 808 390 390 390 199 187 186 90 90
Implant high current 939 453 453 453 231 218 217 105 105
Implant low/medium current 895 432 432 432 220 208 207 100 100
Inspect PLY 1225 591 591 591 301 284 283 136 136
Inspect visual 1264 610 610 610 311 293 292 141 141
Lithography cell 1048 506 506 506 258 243 242 117 117
Lithography stepper 697 336 336 336 171 162 161 78 78
Measure CD 1047 505 505 505 258 243 242 117 117
Measure film 984 475 475 475 242 228 227 110 110
Measure overlay 958 462 462 462 236 222 221 107 107
Metal CVD 986 476 476 476 243 229 227 110 110
Metal electroplate 750 362 362 362 185 174 173 83 83
Metal etch 1816 876 876 876 447 421 419 202 202
Metal PVD 1083 522 522 522 266 251 250 121 121
Plasma etch 1923 928 928 928 473 446 444 214 214
Plasma strip 1475 711 711 711 363 342 340 164 164
RTPCVD 964 465 465 465 237 223 222 107 107
RTP oxide/anneal 706 341 341 341 174 164 163 79 79
Test 138 66 66 66 34 32 32 15 15
Vapor phase clean 2042 985 985 985 502 473 471 227 227
Wafer handling 58 28 28 28 14 13 13 6 6
Wet bench 1463 705 705 705 360 339 337 163 163
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Table 112b Yield Model and Defect Budget DRAM Technology Requirements—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥ Pitch (nm) (contacted) [A] 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) %2 Pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Critical Defect Size (nm) 14 125 11 10 9 8 7
Chip Size (mm?) [B] 74 117 93 74 117 93 74
Cell Array Area (%) at Production [B] 56% 56% 56% 56% 56% 56% 56%
Non-core Area (mm?) 32 51 41 32 51 41 32
gt"cerﬁ'c'aEl'ggg'cctflz'g"o(?;r';’g?[c] 5219 | 3288 | 4143 | 5219 | 3288 | 4143 | 5219
Random Dy (faults/m?) [D] 3516 | 2215 | 2791 3516 2215 2791 3516
Number of Mask Levels [E] 26 26 26 26 26 26 26
Random Faults/Mask 135 85 107 135 85 107 135
DRAM Random Particle per Wafer pass (PWP) Budget (defects/m?) for Generic Tool Type Scaled to -40 nm Critical Defect Size or Greater
CMP clean 201 103 100 100 53 53 51
CMP insulator 156 79 78 78 41 41 40
CMP metal 239 122 119 119 63 63 61
Coat/develop/bake 62 32 31 31 16 16 16
CVD insulator 173 88 86 86 46 45 44
CVD oxide mask 212 108 106 106 56 56 54
Dielectric track 87 45 43 43 23 23 22
Furnace CVD 119 61 59 59 32 31 30
Furnace fast ramp 112 57 56 56 30 30 29
Furnace oxide/anneal 90 46 45 45 24 24 23
Implant high current 105 53 52 52 28 28 27
Implant low/medium current 100 51 50 50 26 26 25
Inspect PLY 136 70 68 68 36 36 35
Inspect visual 141 72 70 70 37 37 36
Lithography cell 117 60 58 58 31 31 30
Lithography stepper 78 40 39 39 21 20 20
Measure CD 117 59 58 58 31 31 30
Measure film 110 56 55 55 29 29 28
Measure overlay 107 54 53 53 28 28 27
Metal CVD 110 56 55 55 29 29 28
Metal electroplate 83 43 42 42 22 22 21
Metal etch 202 103 101 101 53 53 51
Metal PVD 121 61 60 60 32 32 31
Plasma etch 214 109 107 107 57 56 54
Plasma strip 164 84 82 82 43 43 42
RTP CVD 107 55 53 53 28 28 27
RTP oxide/anneal 79 40 39 39 21 21 20
Test 15 8 8 8 4 4 4
Vapor phase clean 227 116 113 113 60 60 58
Wafer handling 6 3 3 3 2 2 2
Wet bench 163 83 81 81 43 43 41

Tablel12a &b DF:

[A]ORTC Tablela & 1b CTiEF%

[B] ORTC Tablelc & 1d TE#

[C] T LRIEEERIAEY (RDLY) % 89.5%EARE

[D] ORTC TableSa & 5b TiE#e, 724 LRMEEEAEY (RDLY) & 89.5% LA E
[E] ORTC TableSa & 5b TEF
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R BakR HH &R

KBRS L CTET R ICERESNTNDZ L, BEITEE KT T RIGERED T e AgIzE
WTALTA THRINCELR A BH 2 Th D, 7t ADNFEBHSEBERS, S80S BT OB, L TE
PEDRE % 137 = — R\ KES LU CHLBRRE f1 % 1) STV 28 E, KM i o g e in k52 L%
BERL, 7R ) S UEEE 1) E O NS I D THIME BRI )T DA S D LA E IR T D,
PLEDIHZRERIZFET T HEIT 2> TODD, O EEL T, RIERELEE ~OSEEORE I RAE K
RODFA T T2DIZ, RICKMERAELEE Z T2 727 e B ARGAE I 2 A O B2 B35 55
\Z7p o TETWAILEN DD,

TR ADBFENS BPED T = — RN LT ERR A FF D EEE S | T /S A AA—TNIX L TP AR
A LTHAGENART IR D720, L0 7 i ADOMFZEBI T IS A B E B T LA AR DT /S 2 H ffT
DEASNDHDIZIATL TRERLESINTND, EAEON BT O7 = — XTI E X RmED MG E L
A BN CE TR AU G720, etk O BPER: M, RID @ O E D 28R L COD BRI Z 380 T
%, EOHMHARORE T 0 2D BE 2T =) 7 CEDRENNMLETHD,

FHELFREO LD, HEH T _EEE /KRG (DOL: defect of interest) 24§52 ThD, E-T, T
RTOMAEIEE LS T, SN F(Signal-to-noise ratio) 23FET I Z BB/ R HAEL 705, LR a3 < tiEi
FUEESNDRE, FERELC, EEAKMETIH T 5720 DL E 2 —EERREHI/RY | LE 2— [ CBRLSND
BR7R B 2N BN,

Ffff EOERIEH X, " F— LT = — N REE, Y — A ET 2 — R @ T AT R R — R
., KRIELE 2— WONTT == NSRAYLESDIRAN 31T 53D (Table113 2H1), ZOHC CMP (Chemical
Mechanical Polishing:{LFHEAEE) 14 DL — W —HUELZ o R — AT ET = — R, 37— D3
BIELIHEE S TCUNDT2D, TeLATEEE A HIEL CHEHSND S — U LY = — RISV S D E7RD |
Zou—Rvy Y7t O Lo TG, SEEEFIASH SV TN D/ S — LD = — MR AT K
LE 2 —IZb WG, Z2EFEEOBEEMENHL TOD, Ve — NEEHORAEZ Ho I ENT 720121, K
L 2 —DFEBRNPUIETHDH, TV == "ORRAEEELITIE, B A ELTOLWEEE TR D K0 BLE
HI7 A SRS T, BT AT R — A LN DI, SF— 2 DRI LIRS D HY 3 LU DR
INB = DIEDEHTAFAET D RIGEAR T AEITTHY | B O/ — AFET = — RT3 TH
ZHND, ZHUTINE L BARREDIEE Table113 DJAVEE THIRREITWDHIINT, MHHBE TRk B 5
MRDHIVTNBINLTHD,

L@t O =—/ 0 Top <° Bottom D, ~A~LERRGGR, Ty PEIOMREIL, 26O 7 %
RIET DK e/ 7 AO RN E T FTHEINL TS, RERFIEE2 > TCVD, SEM L E = — e
HEFEIR 7 7 AV ERIRRIZ, 2E[ED ADC ENFLE 2—ORE)S, BERAAE (R TOME I —F 528,
R A A TR T) ThD,

IRY = ALY = — RSB D ER BN IE B 137 = — Db O L T RO ARIFL T0D, %
72, D= — EEO KR OBIIET = — " RE I D3 20— a oW e bz b - 537202
ENEEND, 2OV =— BT HERERIL, V7 T7 4 BEOHEINERD Table, BL, 7 hx
VR RRIZBITAVIAr T o BRI OFEIALELA~O 2% HESR D LB D HES LTS,

ICH BN D RIEE— R PR ALEE TR ATRE TH LI LN U IELR>TND, ARG (TERD
A THE TR TERUWKEE) (6D H A O BIRZ OV T, BB — 28 Vo oo i
PEREBDE TREMNEES>TETND, EIRO IO RIIFRE FOMREIAFIEL, T/ A ZDHHHE IS
(SR LB CERORESER MR DD, 5 DFTZILD KO3~ & i/ N HEDO EFRITIHE /2
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STV, ZLDRIMEITT /A AMERBIC BRI B2 BT, Ziud7 e b R ek R (a4
NBALIETE R 02 ALARIO 7 0 RA) (2 /N7 T R av A R EE K E T, F2, LN THE
SNDIHR Y TITar ORI EZ S HED, Vo — ORI B KT~ 7 R0 Akl s
NAZEDRH- NI RH7R, 7D AF v AL —RIL T X TOEINHAIZ BT 5 7T 7 B8 LW
(21 CMP DALERRE ) (B REE 2 E ) ICA BT 240, kel Tl BT iuiEzeabien,

— 05 FEEART S AA— I EGHI AR O ST _ BT SRR DY A Y BT DT I+ 7 B O H B
REZITON ., FIUDINDIARELNARAEE D AT AETAHZ ENEE ThH S, KGR E Otk s
A TS, E L CALEREE )28 CoO (Cost of Ownership) (2B FHIREF T D, BULEOHT, Z0 CoO DES
DT L DHRERT /A ZA— T DMED LR A LEE DBLH L CEZRUNRIA AL TWD, AR OHE
R A i KPR 0 0D D7 O W T EAR I IR B b L 7= TV T VYR APLETHY 2D
= DI EEE N 7 W ICTE SR IE2R 5720, b U, AR 13 458 0 O MLPRRE 11 2MEK
TULIcET 58, ZDEEED CoO 1E EFHL, FHERT NSAAA—TNIIOITED IR TV T UINTET | HE
REU TRV RESEOEROREOIK TR EIT0 D,

Tablel13 (ARSI (2R DERAEIL, T AN == "HDOVNIRIEH T = —~ FIZfHFsngz
RIVAFL T w7 A(PSL) BRIZxH D HIEE THESIL TS, Ll FHEBICITHTROEE I A
BT DRINZHEAE T D IR KBkt 3 DR HRE ) CRHMIS AT LML, ZD L7 R el L G e+
REFFOHEE THRHIND, ZNODORMIZIZ S—T 470 By NROASE— A KL, AV Ty T H
EENTND, T, i e TRV TR A 7 KX A7 HE 2 CETERY, #rIHO KR LEEIZB W T
IO RaE E DR CEDZEDREN 2T M 270 | FEHER Y = — ~EBHFE T D2 LN B LR
STUNA,

ﬁ“«“f@ EE (RIS EZBRL) O 2 — Ty D RAVEIR O E I, ITRS OBRIZHhi->T—&

SHDT=DIT, 77V NIAT T —2a ORTEICTESWNTEE SN, Kb B =—0 ADC OHARIL, K
(gl @i:ﬁzct% EWIEREMESMOIES NI EIE THHZ LA L TEEIN TV,
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Table 113a Defect Detection Technology Requirements—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥; Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 920 78 68 59 52 45 40 36 32
Patterned Wafer Inspection, PSL Spheres* at 90% Capture, Equivalent Sensitivity (nm) [A, B]

Process R&D at 300 cm?/hr

4 2] 2. : : 5
(1200 mm wafer”/hr) 0 % 825 835 05 DR

Yield ramp at 1200 cm’/hr

64 ! d 0.8 xDR
(4 “200 mm wafer’’/hr)

430 1.0 xDR

Volume production at 3000 cm?hr
(10 “200 mm wafer’’/hr)

Tool matching (% variation tool-to-tool) [C] 5 3 3 3 2 2 2 2
Wt ) 2 |
Cost of ownership ($/cm?) 0.078 0.078 0.078 0.078 0.078 0.078 0.08 0.078 0.078

High Aspect Ratio Feature Inspection: Defects other than Residue, Equivalent Sensitivity in PSL Diameter (nm) at 90% Capture Rate [D, E]

70 65 57 50 45 40 35 32 1.0 xDR

Sensitivity without speed requirement 80

Process verification at 300 cm?/hr
(1 “200 mm wafer’’/hr)

480 70 65 57 50 45 40 35 32 10 xDR

Volume manufacturing at 1200 cm’hr

¢ 7 7 4 4 2 -
(4 “200 mm wafer”/hr) 80 0 65 5 50 5 0 35 3 10 xDR

0.388 0.388 0.388 0.388 0.388 0.388 0.388

CoO HARI ($/cm?) 0.388 0.388

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

Metal film 64 56 52 45.6 40.0 36.0 32.0 28.0 25.6 08 xDR

Bare silicon and non-metal film 40 35 325 285 25 225 20 175 16 05 xDR
Wafer backside (defect size, nm) [H] 400 350 50 DR
CoO ($/cm?) 0.004 0.004 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

Defect Review (Patterned Wafer)

0.05 xpattern

Resolution (nm) * [I] 2 18 1.6 14

sensitivity
R&D

Coordinate accuracy (nm) at resolution [J] 800

Speed at ADR without ADC 960

Automatic Defect Classification at Defect Review Platform [K]

Redetection: minimum defect size (nm) 32

Number of defect types [L] 10

Speed (defects/hours) with ADC *720

Speed w/elemental (defects/hours) 4360

Number of defect types (inline ADC) [M] €10

Wafer inspection on multilayer product wafer of top and bottom bevel, APEX and 3 mm wafer edge exclusion
PSL spheres at 90% capture rate, Equivalent sensitivity (nm) [N, O]

S:;iiviginm] without speed requirement at 50% €100 350 35 285 250
Sensitivity [nm] at 100 wafer/hrs 42000 1750 1625 1425 1250
Defect classes, ADC [P] 3 10
Tool matching (% variation tool-to-tool) *10% 10% 10% 10% 5%
CoO [$/300 mm wafer] 1 0.9 0.8
*PSL—polystyrene latex (spheres utilized to simulate defects of known size during sizing calibration) ADR— automatic defect review

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

Manufacturable solutions are NOT known -
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Defect Detection Technology Requirements—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM %2 Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPUJ/ASIC Metal 1 (M1) % Pitch (nm)(contacted) 28 25 22 20 18 16 14

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

Process R&D at 300 cm’/hr — |z T T a2 T o T o 05 %D
(1 200 mm wafer’’/hr)

Yield ramp at 1200 cm?/hr

(4200 mm wafer”/hr) 08DR
Volume production at 3000 cm’hr

(10 “ZOOIinm wafer”/hr) 28 2 22 20 LOXDR
Tool matching (% variation tool to tool) [C] 2 2 2 2 2 2 2

Wt s excloson

Cost of ownership ($/cm’) 0.078 0.078 0.078 0.078 0.078 0.078 0.078

High Aspect Ratio Feature Inspection: Defects other than Residue, Equivalent Sensitivity in PSL Diameter (nm) at 90% Capture Rate [D, E]

Sensitivity without speed requirement 28 25 22 20 18 16 14 10 xDR
Zr?;e;; :;fi::g;n :;)3 00 enhr 28 2 2 2 18 16 1u
ZOlgnﬁn;szﬁf at 1200 e hr 28 25 22 20 18 16 14 10 <R
CoO HARI ($/cm?) 0.388 0.388 0.388 0.388 0.388 0.388 0.388
Unpatterned, PSL Spheres at 90% Capture, Equivalent Sensitivity (nm) [F, G]

Metal film 17.6 16.0 144 12.8 11.0 0.8 xDR
Bare silicon and non-metal film 11 10 9 8 7 0,5 xDR

Wafer backside (defect size, nm) [H]

CoO ($/cn)

0.004 0.004 0.004 0.004 0.004 0.004 0.004

Wafer edge exclusion (mm)

Defect Review (Patterned Wafer)

0.05 xpattern

Resolution (nm) * [I] sensitivity

R&D
Coordinate accuracy (nm) at resolution [J] 10 xDR
Speed at ADR without ADC 1200 1200 1200 1200 1200 1200 1200
Automatic Defect Classification at Defect Review Platform  [K]
Redetection: minimum defect size (nm) 04 xDR
Number of defect types [L]
Speed (defects/hours) with ADC
Speed w/elemental (defects/hours)
Number of defect types (inline ADC) [M]
Wafer inspection on multilayer product wafer of top and bottom bevel, APEX and 3 mm wafer edge exclusion
PSL spheres at 90% capture rate, Equivalent sensitivity (nm) [N, O]
Sensitivity [nm] without speed requirement at 50% 5 \OR
capture rate "
Sensitivity [nm] at 100 wafer/hrs 25 xDR

Defect classes, ADC [P]

Tool matching (%ovariation tool-to-tool)

CoO [$/300 mm wafer]

*PSL—polystyrene latex (spheres utilized to simulate defects of known size during sizing calibration) ADR— automatic defect review

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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Tablel13a & b DF::

[A] 7$F— U MET 2= OETFEE L, 7o AT —RIZB O TP 72K EY 300em™/IEE], £, B80T |
FE—RIZBW T EL 1200em”/ ], SHICEET—RIZBWTIA2<EL 3000em™/ BN ESRESND, BIfF
DOFFERFEETIX, _ERETable O BE RN T, 205 = DO BAE RSV TRV, F72, TableHIZ4E
FHELAHET 200mm™7 =— D KEDR R T-0 O EBHEE PR LT, 300mm” = — D=0 DK%
D281, 200mmiZRT DL —h 0.435 T AUE L, (f51:3000em/BER] 9 10 #2:200mmiE, %9 4.3 #2:300mm)
[B] 7 —AF& T = — "D HHL (nuisance) KfaRIE, 2THOTTBRIZEBNT 5%LL FETRETHD, B
NX., WFFEBHZSEEE T 5% LT, FIBRE0 N BIF B L BpEIIXENE I 1%L FET _&ETHS, HEUKIREIT, 72
TZHAZRI L D72 WEAT D RIBEL TEFRSNDHD T/, HDHKMELTIFEL, —DDIHBEL TERSNTZHDOT
HD, ZOKRMaT HEDFERLT-EEIZ, ZEICEDEERIZHRDL, FITEDITE SRS DIZZ2 D03 LIVRV Y, K
IPHEIZT-TEDDNE, KD ZAT ERMaD BEERNERODHZEEEETHRETHD, BBITKIEEL TERS
NI=bODOHL | KIERAEIEEOL LBy Ny 7T OB MEE SR T DRIV E 2 — HORF 7% T Lo b7z
WRFaEL TEFRSND,

[C] YZEBDT=DDFE RS, HaiE DR A M M K FafEHy FAEEE O R K %k

TFIE: 1 5 GEAERL) DR 5 LU I8 E L e a -y b5, ZOL U EEE T T 5L D 5H4 iRk
L 10 BIOBIEELT), ZDREDT = — NRIEEIHAR 30 [ Th D,

[D] &7 A7k (High Aspect Ratio) I%, > #7k 15:1 TERSND,

[E] HARI (@ 7 AT MU (IZ LD KIEE, T TIEhbp b7 at AD B W CTlum K gl 7225 2 5L T0D
DN, T _NTOREA Y A REAREZ DT DAL ZINET DL~ U TEFRSND, ZFDT=8 T _RTDEFED B
BTl INMRBBIREE LT, 1.0 X B AR L CRES I, WERIZERED TN AL | BHDWNTZNLL EDOED
LAY NESREI AR T T REET L ThD, L, FEk, KEGRAEE A X AR, HOWIMEI O KR Y% 0.3
X BT OF —F TEFRTEDHEA . FPUEZLE L THLN TOARBRESBICHICE R T 5 ThHh 5D, HARI (5
T ARY NURRE) FEE OETHE L, v ARGEEBESA T ICBW T ELTE 2, e ARGEH T EE R LT —Y
I NI ANDRES EFFo T SEM KD 2 CRERIZ AR M) 22 BRI T %, Table (2 200mm 7 = — ~DOIRF & 7= O
AP AR LT, 300mm ¥ = — N DFERESD 720D OB EAFHT0121E, 200mm (2% T DL —h 0.435 ZHENFAUE I,
[F] 85y =— AR E I, BRI OEREZNZI 5% TOSRMICB W TRRHZD 200 4
(300mm 72—/ NFEI VI i) OALERRE S A ELR S D,

[G] r—F=y 7 O7u s xRt ADT 2y R OFITTRESN e~ X (Haze: R EOED) b K DL
K s (COP: Crystal Originated Pit) {25925 RIS A L2 AUZZR5B780,

[H] BEEIZxH2ERAEL, VY2777 4 TWG LA ELIAEE /2> TWD, EUV VY77 4 OEAIIIUGET T D0 EN
BB, WHIDIEFLE 2—BENIR T HEREE /2> TUND,

[1] KKaLE 22— DI EIL, HFFEBRZE AT /37— A& R R D BRI X 0.05 TEFRSND,

[1] KMaDHARIZI) K& EBESND,

(K] Aiff: 1 &0 7 =— 5000 AL —R, Ux—/~ 1 BT D K% FEOL I[ZH T DR FET D, LE 22—
Ze WAL 5 R B0 IR B U RE ] 235 | 100%ADC

[L] KKay I3 Eric@a s L FBIME (Repeatability) 95% . F5FE (Accuracy) 85%. L (Purity) 80%

[M] KFa/ A AR @ A O Z & A (Repeatability) 95%. F&FE (Accuracy) 80%. i (Purity) 80%

[N] LE 2—(ES] BN TONELE 2—7121F TR A7 T A2 TO SEM L E 22— 43

[O] EEHERER T 7 A /WX SEM L E 2 —RE/ DT DT MBI T D, fERT 7A/WIZIL, Jil LEREDZE553HIS rIRe7 LA
FEA FEDIEH, i iE A & A T,

[P] ADC DD ZADIFANL, Fots 7 KR S—F 47V IR S—F 1 7 V732, TU>EO ADC 75 A,
blisters & T HXThH 2D,

RV E

HBREOBNT, VAT~ T 47 LT T o Sl TARIZAT D3 EF L ORI L DT /A A
RV ED 2D, fET v ALY 2 — NI D ROIERB L O O L EFESND, Tablel14 DA
BOEREATA~OERIZALNDERIC, TETERIGEOSFE F M EERBUI LT e /2 ERIZIT, L
THARVICEES DR EOMI, BINT 57 —ZEDO TR TOXA LY —IABARRR O, Fv 7 BLOT
TR ADEHES, BLOERAT A2 VHT-VOHRRE M ERUENE D, BLET 0t AOEMES L T
TRENELRDITHEN, FIEELTIEITL, TN ENOHEA / —FIZB W TGRBO BN LE 2 A 7 VK%
LTINS 5245700, 61T, Mz M7k, TREOIER, 300mm ¥ x— 3B LOHE £
(low-k, high-k, etc.) DEAIZ/2E TN BEEVEAR FSE 5 2R007e 0 AAERZBE T 57D D %L D%k
B TFIELEREN TS, SO, SiGe Z DD VT /A ZHERELFTRIOE AL, B2 580 E B A~D
P72 TH A,
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PEFEITIS T DAY L1, JRE AT REZ R B B BE vl REZ S B TR T CRE RSV TE T, B RE
FEIZBW TSIV = — " WERRIBOESIREHIE LD T, HOREDERIFE A REIS 28 (1) o
B (Y ) 13201 O IR ILEND,

Yootal i = (Yiine) * (Yoatch i) 1

(D) DY el T TAHBREY, Ue— Y, BLITEFRZRLTND, T, 2ET 2@l T
HEZIEDDY == DR TH D0 Youen ilF 7Sy T HREY, FOTHREY, HHNNISF A — MRV ERLT
WD, ZHUE, BEET A DR B CIER I THERE T 2 DK E Dkt (1) OFEFMIEE DY = — RIS
DERTHD,

NyF AT Q) 12k TR TZENTED,

Ybatch_i = (Ysys_i) * (Yrandom_i) 2

Yoy i F VAT =T 4 7 A RIER O Sy F RO 2 R TOD, F72, Yiandom i (FT70F DIHATD
ANBITER U Sy F BBV T Do Yandom 137 F DARBEELET A DRKGNZBUR 2 7 )T 4 T3V
T H T DR IR I B CHIAIC RSN D, YViandom 1 TUIXUIT RO ZIHAAMRITREISNDZ

JESHNCE > T, YEEREEI Ty T HRY | FCHRFICED T ARSI R TSIV TE T, Ly
USRS T, SIS DA BISR T LV BREE T CREE Z RO DALOEIANICHY | EAUT 8R4
FEH Ztime to marketD HE FIZEL, T2, FIESITABIREODONE ERVIZE>THI2H35, 8K
EFERIL. BT S0 E BSERTHZ 8L~ T, KEAELZ B BIFAZENTE, ZOREREL
TEOHIEEE BT DL TEDLIDNT D, BEDPIB M AT 2/ FARF D B EN SR TODHT A
TNT AV I CET DL, Ty T AR TR ORI C OB O A EEE FTRRIC T T LD ]
IRREHREED, ZORRIC, RSP COAREVE R, BIER BTN EITER S K& R
12BEFEZ LD,

Fo, T V=BT DR 0E G | D KB T B R RIS A— I DT, DR B
DHDITTD, KEAER L, BEOWHIB IS 1T D\ FHRE VI L > TELES LD, DTy T A3
B0 EL 720 BFENBRIASNI-%IE, TAV BN KERZRER L7 D, ZEIFRIGIC, 7702V —1%
RN L D/ B A LRI R BT s 7 e R AT A, LITUIE. R8O IR B 41T
728, —rvh®D 300mm Vo — NI DI EL D, [ ZADDEDT T BREED HIZ TG
IS ID, ZOXIZRRBL T TUE, IEMEZREAIOBIEERR G, KD N~ 27 TORYE | F TGS T
FEHAR L VRN T A RO D @Sy TR K0 EEChH A,

HI—DDOFATOPRERIL, 300mm 7 =— NTORBHBEVE I CTH D, DT =— " TOHA LR
FRIZ 300mm 7= — 2T D EEIRT S A ARGE IR, WD TRWWL~ULOBE Ea 2N BEE SRS 5T
Wh, ZHUBORBEO KT 300mm (2B WTHLWIETIEZARL, BEIZBWTHLO D = — RO AR
IZIRE DIV TR ETHD, ZNHOHEIT, TR CRIGO IR, FAROBE&E, 7ot AR08 —M, #

! See for example C. Weber, D. Jensen and E. D. Hirleman, “What drives defect detection technology?”” Micro, June 1998, pp. 51-72.; C.
Weber, ““Yield Learning and the Sources of Profitability in Semiconductor Manufacturing and Process Development,” Proc.
IEEE/SEMI/ASMC, Boston, Mass., May 1, 2002, pp. 324-329.
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BB FIUWESR N A LB 52 TOER | ZOBATOFHHEREH DU MIBIA IR T uE =+
DOHEAF AR TORREES O T B VR AT H I DBFESCE D2 TOEZEEZE ATV,

fEHIZE 242, 300mm OFET A AZBWTEASAEVEZER T D81, i T oicmtERE 0 R &
AR THD, %;m;oyt%ﬁwjﬂ: TR EITRATAHFE I IOEEA LS, ﬂffwi)%ﬁbd’ﬁ%ﬂ
T b PSSR B L 72 DRk 72 BREHI BT DUENE o CW5, P ar RNl a7 | ZEE T 5]
D, LRV \7°Dtx0>.ﬂu+<‘:/\:1/——/a/7j> 300mm {EENF a2 b 7eHd, TrEAT 2L —asid,
FEFNCTANNRN B BEOHEBE NNE T DX A LY —72 FIETHLIENGEHSN WD, £2, —i%IZ
300mm V= — DOEGET A AZIE, ZNE Tho 7o IO 7 G ORE R AR T 5 2O FHAITTII7eL, FHlE ST
THDIZHIEZRFHAIAN HAAEIL TOND, FfEBNT 300mm 7 =— ~OYFRA A I EAEIL, 200mm 7= —
NDEND 2 fELL EOREXITI0D,

300mm AEPET AL THRUEHIHIC @O AR 2450 2 DB ESET, A2 2 FAREAR O RBA TR
(ZHNOL D LR, Z<EBEDOPITHD, FELIFT 2D EFIRHIEALIZ W E DD Low-k E%
DI BN E-FOEROEE LD THTDL D THD, 300mm DME—HK DM
¥ = — ARSI TOE— P72 LI DI T D, B— MO RBEITRE, =y F 7R, %LTF‘
— R DIFIRAE A CUD, 300mm 7= —/ DR EIRA T RN — 3 2 FHIlC LD =2
7Re)). ORI DAL — AR A LT RN 2B )1 F/o RE R BANE T D,

300mm V= — \OAFE TIHICBITHHEVERIT, ZRETOED THBIOE OHIFHARLVL, 7 —
&%i@&%ﬁ%é:%&%ﬂ«?%%éo THORIE)—ADNLDT —H D, /17, . T LT 7k
:nifmu\ﬁxfﬁé;@iffﬂfiotb%iﬁréf LT 5 THAD, TR EFEIZBW T, BAELIZWD DT
~§% TELERN /B TRl SR R A BRAR 18 L ORI 9~ D8 L 72015 H O THY . MELEH TR
5”@&1#1%#7&)2}7’@%&;9 CRLERSND D D, A A7 B R A EE UG AT —F~
DOT 7 EAIX, 300mm S —RIZBWTUIERERERERIIRD THA), T —FAN—V DT —F%T 7EA
THHDOMIKTHLL—F AL —T =R LLENLD THRAS— T 7R BTl iudz
DRNWELTED, HBIBWTOR L H A2,

fhd DRREEERTO 300mmD R OFEN K, 7 —2 AT THAD, 150mme 200mm D BLET AL Tffi
;b;m:—r~§?/——7\c_ttf\ 300mm7 AL TOT —&) —AIKIBITH LT LENR DD, Fex 1T BRAF
AL EH], BRT AN, BEIOZEDY —MERESZHT 55T, LHARITHAAENTZAPCO—ETHD
TV T AT — hOARILE T I 7 e R EE#, FOUP (Front Opening Unified Pod) H1
DU x—/WLE, THOBERSM, TV =Y — 2 8B (LT HDTHD,

300mm 71 N ZHLAIAFEITZ ADC & FDC (Fault Detection and Classification) I, ZAUE TOW 2 HH AT
HALVE —KHIZRb DI D THA), LinL, ZOXIRHIEIIEIL, B3 AT L&Y R—M 2720121348
&)Tﬁ%f£?~§$ﬁiiéi5i@?~&%fi‘/X?A?ﬁ‘id‘é FLIND, 2V THORZRIZ) T IVZ A LEED D
TEATDHIENT, WD TRELRRAA THDH, Wil L OISO /2 A7 L& [RIRFICEH T 52 &M
T%é\ PR CTONOA—T L T IR AD Y AT LR EMMATH D,

THIMEAETEETOT —ZDX T AN — A b LU 7 TATIE. BRI DH 58T O

2 BEL T, BB OB D NIA T AOWRBL, P OREREHELER v b, REH), W AR, H2eERr %
GV AT DOBWEIRDL, BUROD S —T 4 7 WV RADRIRE DT B,

P THT A, NEBEAMER B L OV RO B E OEE ST, AEE AT O E SR R A HEREL QD 2.
BITEREH DAL E O IR B DO TEHRDIAS T ERG T AT LD T — 28 T3T7 — X2 ORI E FIT
W5,
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WA SERIZER T 551, BEFO BRI TH LW FERNLEE LD Th A, SV ERICLEEIND
TR T — 23— VAR AT MBI D ROBRIL, E#EeR, BRI, Bs, 61260 2 &
WeT —HOfiE Bl B IEORE S AT Ao — W A L —T = — A TEEAH O iR SRR
MERR L OEFE T DN AT 5L TH D, To— L~ BION, BELKL AL ~JUIT —HEA N
B2 DI, FUR Tl E O3 v a— 2 TR C L > CTHE— T TN QWD IS BB T — 2~ T
T HE R LEET A THAY, TmEx I BTOT=— A RIEOER L7 RS 3 CHEE4 5 L\ ) L
fliZafl =t | AR ORITIZR W TR EER Th D, ZOLHZRMITIE, KF-OEETIES BBV T
{RIREL CILABIZEW DI TR DTH D, AT AT DRIV H OV — A% i KRS
ERT 5812, BEO2—F AL H—T 2= ATECDT —F ) — A —T N L TT 7R AHREIZT S
ZEY, FMD THLWZETHD, SRDNRANAT T V=R T —Z AT ATk, WL 2T L D
P —RR—=TF =DV T I 2—ar L OGUI(Graphical User Interfaces) BNAEDT —H 74— MIT Y
TRRGEEZRD | HAFHE DAV EHI T D RIEO I FLERIR T DR, KREATHRIEAARIET 57259, L
(DR RN I D B TRAL L 720 V2B, 300mmY = — NI KD RIS D, ZSDEEL Y
PRLEDBHD,

RSN T — 2~ R — VA ML TO R EaE LU BIRIK O RIS RLIT, 72 A0 E RO B
Té%, Tablel 14 3RV BRI A D TIEEMTEREZRL TOD, HRY =— 1y hOTEHERC A D
BHESOHENNADD LT, BHFSIU RPN SE AN SR £ TOBREV O EVEFEBL 2572012,
N7 IR EE THRE DB A D 72T U D70, SERERIE O REE AR O BHES ORKGERIZR B8N, 7 —
SAERE, FoEk, MR BEOHREBIN A RO CTE7z, IR THEHESICEmL T, e T —FE Bl
(IDM ; Integrated Data Management) D 2 D#EIKEY 7Ry 27 23, APEMEAHERF 5720 OF — HT L7k S
NHINTe o7, IDM 1L, BV ZAR FESEDAH =R L2 TGE IR 57O I BB OR NS, A
ZDRMaE BZIRNKIG, XTAN YT =4, T AR U REEREAR RE R HERNT ANOE HE
MEFEL TR TRV, IDM T AT AL, LT UHBRREVIE T OAN = A LWGEHES DL BRVIKT
BRI OFEAE G SN DIEDMEREDN L IE T DD, Kfa, ~TAN I AR bLITERI N REFHAESED
TaeRUEE, #Et, TAN, HLIIT B R AL TSV — v al PR AT L CRES LD, IDM [
ETANAAET DS T — 2V —RERETDRER DD, ZOT —F2OHFEAbiE, BRI BB
IR IET DB D DNIFIRD KT —F N —RE BT HZLIZEVER TED, 2T —FY — AL HE)
Kia53%5 (ADC; Automatic Defect Classification) S°Z%fH] 7547 534T (SSA ; Spacial Signature Analysis) D X572
HEVRHTEART OG5 KM, ST AN 7 ZLUTESKHIT ARDT —2 %R A0 & 5 580&E 7 vt A%
WIS EHZ LA FIREIC T D, SESERFEID KGR T DI ELRZ LU FIZib <5,

.2 5Kz (Visible Defects)
WEIIRH. L 2— 5%, ZIUTERZEA O -0 O N ERESh, #Hifi /—RoOERICE->TR.A
BRI A RIS TpoTND,

R.Z 72K FfE (Non-visual Defects)

272K IfaEE, BN BROIFEIC/Z2 A0, 4 H OREFMNT CIIWERRESMEE L2 HT& a0
KRUaLEFT D, PR F DIV EHE /2Dl MBLRPEIF T OISR W RGN RIE CAE T DR B A B 23 HY
Z25e ZOLTEARBO—EE, 7282130 = — R T v 7 T TOPIRo B BEOEFORRIZ, RFEAIND /37
AN (REHERUS X T 70 8) 70 CHATEAL 5, HDWE, i ST R ORENALS R Pt 756G fi K B, T 7
FEEARE GRIE: LUV TOREENIENG D, 72E X IXEHENL) D X578, BFEID D/ 3T AR 7Tl
IRWNECBRIE LT 5, BB O 72 R ZEHIE, JOBRERATEREIZ /e D88 2 DTS, B DS LB il

f = FHEERIL BEEANY— CD T IA A MANarY— K, EBRAT AN, BRE YN~y Tl
ATND,
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(T, AR EZMEIRFE o8B KON FESh IR ROJR KR E DKM, RALWKEE, 22/ 3FAR
Vo2 REGZ P 280 T D,

73T AN w27 K i (Parametric Defects)

e/ INHEDV NSRBI ST, VAT~ T 4 7 RBaHHIKI 2 428 0 (SMLY or Yo) bRIERIZIL T2,
= — WEBL O = — \H] DR 258 (parametric variation) 733 A7 <7 v 73D FEFEEI2>TUND,
IRT AN 7 R IR B A 72 WK SV CE T, LU bz R MR IRIZEH O 7-0121%, Bz
IRONR &I 3 BEL THRO MBS TETVD,

EXHAR B (Electrical Faults)

T B A TRE DO, T T NNT L D AZEOBENN, [B1REE FEO RN, RS 7225 R BG~HEORE N
A TWBI, ZHUTES TAT DRI OBEIMIEBRAOR B EL TUNRISR D, EXINARRIZIE, A
JRMaRONT AL IEZ DT B AFELE IZLD R R B EN TS, KIERAETRRZ R E T 5720120
BRI BONEZTF T N THRE LR TUIRBAR, ZOVMEEOEMES T BN S (mm?) HI20 DT
DAL EAE T e 2B RIZ B D728 |, Tablel 14 (ZI3Z DOEEA R EDOEMEEL L CTFRRLTH D,
BHES DT RDUZ D> TH R R A R E 3 DA — IR0 Ty 7N TOEKIIR RN
FEAENLE A FFE T DT ORI ZHI IS HAVWRIZ T DM BB D, SHIZ, BOERT v T NEAIL X
Lo TRET DY 7IRRIL, SRR BRE AT~ T 4/ REOFRRNINLE T 5720, BAERRNEZ S
B9 D 507 FERS LB LT D,

F— B 2T 1 (Data Management System)

BfG7 57 — &R AT 1 (DMS; Data Management System) | ZEXFEEH DN U727 —F_X— A% FFD |
HROITICHEE DD e OO E 7 N —T BRI TEDIIN /2o TND, ZDT —HFIRN— AT AL
REAT, SRRV O] ZEO R U ROMEGR, 7 e ARG B TRREICHOLR TV,

IDM DA REERE 2 EERL, AT LHMOEFRISE, 7—2 k&, 7 —# =2 od@Ey 7y
T AH—T 2 — AINFEMEL T DT — H ORI THD, N VRS AEDZ 1T H
LA T D7D B TH D, BIEOEATHIFRNT FEI N IDBER LI THY | F8 RAMEAS DIk
ZHHCu 7eu, SPC (Statistical Process Control) 7 —~OMOD T AT ADT T — b5 F2—Z LT, 42T
—ZR=ZHO HBINCT =22 WET DT, 7 — 2 DI 7 m e AT B L a2 A L) —IC
SlEH T 7O TH D, KIEIRZEAZ ATV — 7 EEL T 57201213, DMS, ##:ZHililD DMS 237 &
T AE PRGSO REE G B (T2 2T WIP 7 —2) 22 DI T DB DD, 2O LT HALER ) R
HENI/2DE TARSNDDI, SEED R E S SN RSB AT LT D) AR I Z - 677,
DIEEA~DIy MBI = — D BB E BRI E O B NE OB Wb W7 dein 7 m Al 4& &
HIHDOBEAZEZ 2 -85 Th D,

DMS 134 OFT, In-situ 7 REAE A — HEEOIEE B 0l T — LS EEORERY T — 2%
W F-TUND, By RHANTT 2 — R 2D F —& LB CRER YT — 2 50k CX B HEN L
EThD,

A HO DMS Tz A& T — X 3IEF ISR THDITHD DO LT, BREO FRIODTZ DN—R2Y 71
DB D HEFAZI DR Z 7RV RIS N TUND, 2O LT BT 152 I 2 B 7 0 — 7 Ml 2 51912
TAUE, B TR RERIEIEAEAN =X 22 GRICAT L TE | ZORE, &b EER ISR
<R TEDINNT2DHTHA),

HRHOBE RO BRI Table 1%, 7 /A ADAFERHI R E T HHE VB SEHFROPHE T &
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ZOREE R DEE 1% TN ENOF LW/ —RZEiZar I NIORTZEE HIEL TUD, Table

/-b-b
/u_n

X, PRD. YR & VP DA FEFE

IR EISITND, SAEPETR

/-’*\b

FEREIZF31T A Wafer out volume iE. PRD 725 30%.

YR 725 70%. VP 725 85% DA HAEZ BT 2 2 (A S LD BARRY = — M D IR 72 8 & T D,
Defect Sourcing complexity factor (%, #4127 =— "D/ F = HZ T 0B A TREENTT-bOTHD, £

g

3 AR B EAERTDHICRESND BT = —

N T DFE T HOBIEEE 25D, Yield

Improve % per inspection DFIIE, IR A AND T IE ThD, BIELLTO HIE, 8K 4
PEFOBEE AT, BUENBIERIC
LITM B LR D BRSO ~ D% | 4T 55 Th D,

BT DHA A

NPT A o N AN R =2 S

Table 114a Yield Learning Technology Requirements—Near-term Years

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥z Pitch (hm) (contacted) 80 70 65 57 50 45 40 36 32

.
MPUJ/ASIC Metal 1 (M1) ¥ Pitch % 28 68 5 5 i 10 % »
(nm)(contacted)
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Wafer size (mm) 300 300 300 300 300 300 300 450 450
Number of mask levels 33 33 33 35 35 35 35 35 35
Number of processing steps 543 556 570 583 596 610 623 636 650
Process R&D at 300 mm wafer/hr, sampling rate at 100%
P?nemed wafer inspection sensitivity (nm) during 200 350 25
yield ramp
Wafer out volume (pcs) of yield learning to 30%
atR&D [A] 4525 4633 4750
Defect sourcing complexity factor (1E15) [B] 64 85 101
Yield improve % per inspection [C] TBD TBD TBD

Yield ramp from 30% to 70% at 300 mm wafer/hr, sampling rate at 50%

Patterned wafer inspection sensitivity (nm) during

560 | 520 256

9267 ‘ 9500 9717 9933 10167 10383 10600 10833

yield ramp 640
Wafer out volume (pcs) of yield learning from 9050
30% to 70% [D]

Defect sourcing complexity factor (1E15) [B] 25
Yield improve % per inspection [C] TBD

Yield ramp from 70% to base line (85%) at 300 mm wafer/hr, sampling rate at 20%

Patterned wafer inspection sensitivity (nm) during
yield ramp

3800

70.0 ‘ 65.0 57.0 35.0 320

Wafer out volume (pcs) of yield learning from
70% to baseline [E]

413575

13900 ‘ 14250 14575 14900 16250

15250 15575 15900

Defect sourcing complexity factor (1E15) [B]

131 161

Yield improve % per inspection [C]

TBD

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 114b Yield Learning Technology Requirements—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥z Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Wafer size (mm) 450 450 450 450 450 450 450
Number of mask levels 37 37 37 37 39 39 39
Number of processing steps 663 676 690 704 717 730 743
Process R&D at 300 mm wafer/hr, sampling rate at 100%

Patterned wafer inspection sensitivity (nm) during
yield ramp

Wafer out volume (pcs) of yield learning to 30% at
R&D [A]

Defect sourcing complexity factor (1E15) [B] 1427 1825 2406 2970 3734 4812 6397
TBD TBD TBD TBD TBD TBD TBD

Yield improve % per inspection [C]

5633 5750 5867 5975 6083 6192

Yield ramp from 30% to 70% at 300 mm wafer/hr, sampling rate at 50%

Patterned wafer inspection sensitivity (nm) during

. 224 20.0 176 16.0 144 128 112
yield ramp

Wafer out volume (pcs) of yield learning from 30% to
70% [D]

Defect sourcing complexity factor (1E15) [B] m 1160 1459 1880 2499
TBD TBD TBD TBD TBD TBD TBD

Yield improve % per inspection [C]

11050 11267 11500 11733 11950 12167 12383

Yield ramp from 70% to base line (85%) at 300 mm wafer/hr, sampling rate at 20%

Patterned wafer inspection sensitivity (nm) during

. 28.0 25.0 220 20.0 18.0 16.0 14.0
yield ramp

Wafer out volume (pcs) of yield learning from 70% to
baseline [E]

TBD TBD TBD TBD TBD TBD TBD

Yield improve % per inspection [C]

16575 16900 17250 17600 17925 18250 18575

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known -

Tablel14a & b D

[A] Wafer out volume of yield learning to 30% at R&D: KD 1/3 DT BB ART TN VT4V THY, S AT~<T 4
VI RIS 2D 7 BB AD T 7 AL Fa— U BB LRTE, — 2O 7 BEAAT 7 IZRL T 1 ey M3SET, 1 7yh
1% 25 BTha,

[B] Defect sourcing complexity factor: ©7— N8 # 4 7 Vo 7 BEEE* 1/j5%%

[C] Yield improvement % per inspection :1 > A7 a2 BN DA UEY

[D] Wafer out volume of yield learning from 30% to 70%: &P 2/3 D7 wvAAT 7 NAE IR E R A 5 T rTREMED
HY, T HE LR O AT T AT RMGDIEED 72D D T A B ART YT DT 7 A F 2— 1 BLBELARE,

[E] Wafer out volume of yield learning from 70% to base line 85%: 27 TEART TN, T H LR N ATT 497K
MaDIEED LIe DT B A~ —U U RIS D7 7 A Fa— L DILELRGE,

(FRF#1E) Table EIERO RGN MESTWDEBZHNHD T, JME ORI TEEL COVET, FRZHEERL T FIV,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



23

U BRI )
U = —EREEIG YN BT D EKIT, Tablel15 (CRSNAHIDICELE UL £/ 3BT Lo TorEE
2o

Tx—BREHIE — o BRI, T 7)== AR REUSIRES T D), POD X2
FOUP HIZHANS I CODNICED T, U — " Z &S LRI BT 5, filfHT o EFREKIGYO—ED
Table 2MEKRTDIZOH, FHABE L M B TEZRB2 0, BIFEHIC, 1IEME, FEMERHVI T LHA LD
=TI VLI OTEGERE TEDH ' —DMEMERHEL CTD, 7B ADOBUEMEN T LEhIi, U
— NGRS ANBREE ~ D RIE BB OME LR T 5, ZOREMBREED RPN U L72 57 AL LT,
F—NRALRT, A7, U AR, Culiddit, LT 7 UARE RN BT H5, AT NEEREA I &
12k, HBZEn— Ry 7B ~DO Ky OFRAZANHITE | (Hj-en—R oy 7 O 225 | X R aHET& 5,
BEAD/S— U AT ABRIZHY ETRIEL COD— T BEEHEE O SOOI RIEMEIRFRS L e SN A T E
(TR RRE N DD, 7= — \EEERAT SRR T D200, Fr ) TR DO GO EREE A = — N
ZEREEOIEEET D LT, Fin, IBREOL D% SN SCIEFICEEIC 2D, AT, MEHEERFHT
T ARO I AHYLEAREL TTNTRU N, BRI KT D T A TRAE D72\ A EFD BRFE 03 0 SR
72— LT 7LV ORRBERLE I > THEE 2D,

K[FFFIEY — V= — b Uea—BUEEE | U — o — 2T SRS RS D AT A
%, T a A THE AT LR LOREMEN AT, AP FI5% (AMC) R —AThD, IKIERED
KRG (B —F biRFR) ERRIC, IEROKERD R 0 TG RIE D—HE 5 2 Hihvd, ZE5H
DEEDFEZUZL ST HEPA 74X =B B TLBESRS, 7008 DUV SEE L U AMBGEIZ
WA B2 ARG KT TIERDY = — T e RS 5.2 A LN BITCh D, TNA A A
ARSI DIEE | [ FHYR DI I EAN /e B B 2 b5, 7 —/b—ADOH T, ppt L~LT
AMC ZJIETEDIVEV AMC E=FIEENLETHD, SAW T /31 AL APIMS [ ZIKHEEED AMC HIE
IO TETZDR, T A AR P A RSSO T RIS TE N X D= IEN LB
HEE DD, BIRAEFLE D RALKFEIFIZ L > T o AOHIEME N EL 252 L0305, Frl7a boy
R7BBATITZEDOATREMED E W, Ry RR> FOUP ORERFT BN DD 70 TG G ORI BIL Tii%
SDORFFENR 2SI MEREIRDO T AR T AL LU TEDIVTODH, EEZR TRACEL Cd, SRy RO ZE
FR—VOMIFNEE PRSI DOOHD, T_XTO TN RO ELE ST HDIT T, 72z
X, FEROBEN L AT ATEZE T 0 ATRBFREMENRDHY  ZDOEFAI1T7)— e —BFE S EL T
127255 TR DRI ID, LN T o AR DK T RO T, T
DB AA T T — T ar DR ORETT AN B D,

T RCEBE 52 BB — Curvik. CMPATY— . High/Low-k#fa g0 Mth oo Wi fEAT LD 1572
CVDHHA B DO ARG DN TR T D720012, SHIZERNBMIETH D, —ERFEHIZD D/ S —F
A INEDFRL ~ UL, BEER D/ NDR—T 4 7N ET—EBLE L TE T, ZOZ 8, /=T IV
FEXC AN E N ZE A B BT HE, BT AT LK 2 (5D 27— ALK ER LA BT 5, RIEE
1255/ INHED/S—=T 4 7VRIEDREEL, LU, F/HEFW RESHED S—T 4 7V E=41 | #
ESND =T AT NA A X554 % O CRIBEE 72 D /NP AR T O N—T 4 7 R IR T U RICZ &
ThHD,

MK — 25°CT 182 MQ-cm D IIRHTARD | GB35 ppt. TR =4 o7 L F=7"1% 50ppt LT,
TOC R/ A VU 1ppb LT DObDODB—RANTEHIKES 2 HILTND, 7 N—T 4 7L L~
B AT RE R B L~ L OISR AT 2 WD Z LS K0T LT, ST U T IR & TlIdH 5708
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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—Electro spray time of flight ICP-MS—inductively coupled plasma mass spectrometry
GFAAS—graphite furnace atomic absorption spectrometry

Figur e101 General Test Methodology for Ultrapure Water
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Table 115a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥: Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 20 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Wafer Environment Control such as Cleanroom, SMIF POD, FOUP, etc....not necessarily the cleanroom itself but wafer environment.

Critical particle size (nm) [A] 40 35 33 29 25 23 20 18 16
Number of particles (/m3) [A][B] ISOCL2 | ISOCL2 | ISOCL2 | ISOCL2 | ISOCL2 | ISOCL1 | ISOCL1 | ISOCL1 | ISOCL1
Airborne Molecular Contaminants in Gas Phase (pptM)) [C] [G] [M]

Lithography (cleanroom ambient) [V]

Total acids (as SOy) including organic acids 5000 5000 5000 5000 5000 5000 5000 5000 5000
Total bases (as NH3) 50000 50000 50000 50000 50000 50000 50000 50000 50000
g";‘:j;‘::lz;:ﬁ:tfj f;”ﬁiﬁ:;f:nﬁm mes | 56000 | 26000 | 26000 | 26000 | 26000 | 26000 | 26000 | 26000 | 26000
l;e)ﬁactow compounds (organics containing S, P, 100 100 100 100 100 100 100 100 100
Gate wafer environment (cleanroom/POD/FOUP ambient)

Total metals (as Cu) [H] 1 1 1 1 1 05 05 05 05
Dopants [D] (front end of line only) 10 10 10 10 10 10 10 10 10
i]l::r S(,s;ugf/zlcni r/nv(:ic;iu[lla\r/l ](londensable) organics on 2 2 2 2 2 05 05 05 05
Salicidation Wafer Environment (Cleanroom/POD/FOUP ambient)

Total acids (as SO4) including organic acids | 100 | 10 | 100 | 100 | 100 10 T 10
Exposed Copper Wafer Environment (Cleanroom/POD/FOUP ambient)

Total acids (as SO4) including organic acids | s0 | s | s0 | s0 | 500 500 50 | 500 500
Exposed Aluminum Wafer Environment (Cleanroom/POD/FOUP ambient)

Total acids (as SOy) including organic acids 500 500 500 500 500 500 500 500 500
Total oxidizing species (as Clp) 1000 1000 1000 1000 1000 500 500 500 500
Reticle Exposure (Cleanroom/POD/Box ambient)

Total acids (as SO4) including organic acids 500 500 500 500 500 TBD TBD TBD TBD
Total bases (as NH3) 2500 2500 2500 2500 2500 TBD TBD TBD TBD
General Wafer Environment (Cleanroom/POD/FOUP ambient, all areas unless specified below)

Total acids (as SO4) including organic acids 1000 1000 1000 1000 1000 500 500 500 500
Total bases (as NHz) 5000 5000 5000 5000 5000 2500 2500 2500 2500
g";‘:::jj:liﬁ‘r‘:t‘:; f:ﬁ;grcsagemo“ mes | 4000 | as00 | 3000 | 3000 | 2500 | 2500 | 2500 | 2500 | 2500
Dopants [E] (front end of line only) 10 10 10 10 10 10 10 10 10
il;/[fgr S(’slllr;/iﬁzr/r;zl;([:;\l/l[?i condensable) organics on ) ) 5 ) 5 05 05 05 05
Front-end processes, bare Si, total dopants added

o 24-hour witness wafer, atoms/em” [D] [M] 2.00E+12 | 1.00E+12 | 1.00E+12 | 1.00E+12 | 1.00E+12 | 1.00E+12 | 1.00E+12 | 1.00E+12 | 1.00E+12
Front-end processes, bare Si, total metals added to

witness wafer, atoms /cm2 [F] [M] 2.00E+10 | 2.00E+10 | 2.00E+10 | 2.00E+10 | 1.00E+10 | 1.00E+10 | 1.00E+10 | 1.00E+10 | 1.00E+10

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 115a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
(continued)

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥z Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) %2 Pitch (nm)(contacted) 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Process Critical Materials [G]
Ultrapure Water [L]
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) POE <1 <1 <1 <1 <1 <1 <1 <1 <1
Bacteria (CFU/liter) <1 <1 <1 <1 <1 <1 <1 <1 <1
Total silica (ppb) as SiO; [P] <05 <05 <05 <05 <05 <03 <03 <03 <03
Number of particles > critical size (/ml) [A] POE €<0.2 <0.2 <0.2 <0.2 ‘ <0.2 <0.2 <0.2 <0.2 <0.2
II))(i)s]saolved oxygen (ppb) (contaminant based) [N] <10 <10 <10 <10 <10 <10 <10 <10 <10
Dissolved nitrogen (ppm) [J] 8-12 8-12 8-18 8-18 8-18 8-18 8-18 8-18 8-18
Critical metals (ppt, each) [F] <1 <1.0 <1.0 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Other critical ions (ppt each) [W] <50 <50 <50 <50 <50 <50 <50 <50 <50
Temperature stability (K) POE +1 +1 +1 +1 +1 +1 +1 +1 +1
;irzm"rz?;z if;f;ﬁ;‘;;sh’;‘mm"s [U]POE <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Liquid Chemicals [F]

49% HF: number of particles > critical size (/ml) [A]

4<10
K]
37% HCI: number of particles > critical size (/ml) [A] <10
K]
- : —

30% Hy02: number of particles > critical size <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000
(/ml) [A] [K]
299 H: f particles > critical si

9% NH4OH: number of particles > critical size |~ 000\ 1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000
(/ml) [A] [K]
100% IPA: number of particles > critical size (/ml
A [Io<] number of particles > eritical size (ml) | ;500 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000 | <1000

0, . H
49% HF: Na, K, Fe, Ni, Cu, Cr, Co, Ca, (Ag. Au, | 150 150 150 150 150 150 150 150
Pd, Pt, Ru) (ppt, each) [S]
49% HF: CI (ppb, each) 10 10 10 10 10 10 10 10 10
30% Hy0;: Al, Na, K, Fe, Ni, Cu, Cr, Co, Ca,
(Ag, Au, Ba, Cd, Mg, Mn, Mo, Pb, Pd, Pt, Ru, Sn, | 150 150 150 150 150 150 150 150 150
Ti, V, W, Zn) (ppt, each) [S]
30% HaOy: Br, F (ppt, each) TBD TBD TBD TBD TBD TBD TBD TBD TBD
29% NH4OH: Al, Na, K, Fe, Ni, Cu, Cr, Co, Ca,
(Au, Ba, Cd, Mg, Mn, Mo, Pb, Pd, P, Ru, Sn, Ti, | 150 150 150 150 150 150 150 150 150
V, W, Zn) (ppt, each) [S]
— :

100%IPA: Na, K, Fe, Ni, Cu, Cr, Co, Ca (ppt, 150 150 150 150 150 150 150 150 150
each)
100% IPA: Cl, Br (ppt, each) TBD TBD TBD TBD TBD TBD TBD TBD TBD
100% IPA: NHy (ppt, each) TBD TBD TBD TBD TBD TBD TBD TBD TBD

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Manufacturable solutions are NOT known

Interim solutions are known |4
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Table 115a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
(continued)
Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥ Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 920 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Liquid Chemicals [F] (continued)
P .
49% HF: all other metals not listed in row above 500 500 500 500 500 500 500 500 500
(ppt, each) [R]
% Hy0»: all oth 1 li i
30% H,0,: all other metals notlisted in row 500 500 500 500 500 500 500 500 500
above (ppt, each) [R]
5 ] .
29% NH4OH: all other metals not listed in row 500 500 500 500 500 500 500 500 500
above (ppt, each) [R]
0, . 3 3
100% IPA.: all other metals not listed in row above 500 500 500 500 500 500 500 500 500
(ppt, each) [R]
49% HEF: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD TBD TBD TBD
29% NH4OH: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD TBD TBD TBD
37% HCI: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD TBD TBD TBD
30% Hy0,: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD TBD TBD TBD
0, . 1 1, 1 .
100% IPA — Specific organic acids: formate, TBD TBD TBD TBD TBD TBD TBD TBD TBD
acetate, citrate, proprionate, oxalate (ppt, each)
IPA: High molecular weight organics (ppb) TBD TBD TBD TBD TBD TBD TBD TBD TBD
30%H,05: resin byproducts (ppb) TBD TBD TBD TBD TBD TBD TBD TBD TBD
37% HCI: K, Ni, Cu, Cr, Co, (ppt) 1000 1000 1000 1000 1000 1000 1000 1000 1000
96% HS04: K, Ni, Cu, Cr, Co, (ppt) 1000 1000 1000 1000 1000 1000 1000 1000 1000
0, . 7 3
377% HCL.all other metals notlisted in row above |y 405 |10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000
(ppt, each) [R]
0, . 1 3
96% H2S0: all other metals notlisted in row 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000 | 10000
above (ppt, each) [R]
BEOL solvents, strippers K, Li, Na, (ppt, each) 10000 10000 10000 10000 10000 10000 10000 10000 10000
Plar%ar shllrrles: scratching particles (/ml > key TBD TBD TBD TBD TBD TBD TBD TBD TBD
particle size) [I] [O]
Post-CMP clean chemicals: particles>critical size
TBD TBD TBD TBD TBD TBD TBD TBD TBD
(/ml) [A] [K] [O]
Post-CMP clean chemicals: elements TBD (ppt, TBD TBD TBD TBD TBD TBD TBD TBD TBD
each) [O]
Plating chemicals: particles > critical size (/ml) TBD TBD TBD TBD TBD TBD TBD TBD TBD
[A][K][O]
ILD CVD Precursors (e.g., Trimethylsilane, Tetramethylsilane) [X]
Metals (ppb) <1 <1 <1 <1 <1 <1 <1 <1 <1
H,0 and other oxygen containing impurities <10 <10 < < < <5 <5 <5 <5
(ppm)
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 115a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
(continued)

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥ Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) %2 Pitch (nm)(contacted) 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Bulk Gases (Contaminants, ppbv)
N2(0,, Hp H>0O, CO, CO,, THC) <5 <5 <5 <5 <5 <1 <1 <1 <1
03 (N2, Ar) <50 <50 <50 <50 <50 <25 <25 <25 <25
0, (Hy, H,0, CO, CO,, THC) <10 <10 <10 <10 <10 <5 <5 <5 <5
Ar (N, Oy, Hy, HyO, CO, CO,, THC) <5 <5 <5 <5 <5 <1 <1 <1 <1
Hy (N, Ar) <50 <50 <50 <50 <50 <25 <25 <25 <25
H; (0,, Hy0, CO, CO,, THC) <10 <10 <10 <10 <10 <5 <5 <5 <5
He (N, Oy, Hp, HyO, CO, CO,, THC) <10 <10 <10 <10 <10 <5 <5 <5 <5
CO, (CO, H0, O,, THC) <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000
Lithography Purge Gases
Critical clean dry air (H,0) <2500 <2500 <2500 <2500 <2500 <2500 <2500 <2500 <2500
Critical clean dry air (organics (molecule.m weight > <2 <2 <2 <2 <2 <2 <22 <22 <22
benzene) normalized to hexadecane equivalent) (ppb)
Critical clean dry air (total base as NH3) (ppb) <1 <1 <1 <1 <1 <1 <1 <1 <1
Critical clean dry air (NH3 (as NH3))  (ppb) <01 <01 <01 <01 <01 <01 <01 <01 <01
Critical clean dry air (total acid including SO, (as SO4)) <01 <01 <01 <01 <01 <01 <01 <01 <01
(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
Lithography nitrogen tool/maintenance purging gas supply

<500 <500 <500 <500 <500 <500 <500 <500 <500
(H0, Oy, COy) (ppb)
Lithography nitrogen tool/maintenance purging 825 SUPPY | 000 | <5000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000
(CO) (ppb)
Lithography nitrogen tool/mainienance purging as SWPPY | 5550 | <p000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000
(Hy) (ppb)
Lithography nitrogen tool/maintenance purging gas supply
(organics (molecular weight > benzene) normalized to <22 <22 <22 <22 <22 <22 <22 <22 <22
hexadecane equivalent) (ppbV)
Lithography nitrogen tool/maintenance purging gas supply

<015 <015 <015 <015 <015 <015 <015 <015 <015
(total base (as NH3)) (ppb)
Lithography nitrogen tool/maintenance purging gas SWpply | _o oo | <0005 | <0025 | <0025 | <0025 | <0025 | <0025 | <0025 | <0025
(total acid (as SO4) including SO;) (ppb)
Lithography nitrogen tool/maintenance purging gas supply
(refractory compounds (organics containing S, P, Si, etc.) <03 <03 <03 <03 <03 <0.3 <0.3 <0.3 <0.3
normalized to hexadecane equivalent) (ppbw)
Lithography helium toolmaintenance purging gas Spply | a0 | 3500 | <as00 | <3500 | <3500 | <3500 | <3500 | <3500 | <3500
(H>0) (ppb)
Lithography helium tool/maintenance purging gas supply <500 <500 <500 <500 <500 <500 <500 <500 <500
(02, COy) (ppb)

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 115a Technology Requirements for Wafer Environmental Contamination Control—Near-term Years
(continued)

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥z Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) %2 Pitch (nm)(contacted) 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Bulk Gases (Contaminants, ppbv) (continued)
SL;;};(;??(I:)}(I)T gzl;t;;‘;oymaimename PUIBING 23S | o000 | <000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000 | <2000
Lithography helium tool/maintenance purging gas
supply (organics(molecular weight > benzene) <22 <22 <22 <22 <22 <22 <22 <22 <22
normalized to hexadecane equivalent) (ppb)
Sﬁgg%’;gﬁg&g“(:ﬁemce PUBIEES |\ 015 | <015 | <015 | <015 | <015 | <015 | <015 | <015 | <015
Lithography helium tool/maintenance purging gas
Suppgzzt; - incl(l)l(;ing SO0u (o S&»‘o’ é ;o;b) <0025 | <0025 | <0025 | <0025 | <0025 | <0025 | <0025 | <0025 | <0.025
Lithography helium tool/maintenance purging gas
supply (reffactory compounds (organics <03 <03 <03 <03 <03 <03 <03 <03 <03
containing S, P, Si, etc.) normalized to hexadecane
equivalent) (ppbw)
Number of particles > critical size (/1\43) [A] <100 <100 <100 <100 <100 <100 <100 <100 <100
Specialty Gases
Etchants (Corrosive, e.g., BClz, Cly)
05, HyO (ppbv) <1000 <500 <500 <500 <100 100 100 100 100
Critical specified metals/total metals (ppbw) [Q] <10/1000 | <10/1000 | <10/1000 | <I/TBD | <UTBD | <UTBD | <UTBD | <U/TBD | <U/TBD
Etchants (Non-corrosive, e.g., CoFg, NF3)
02, Hy0 (ppb) [ <1000 [ <1000 [ <1000 | <wo00 | <000 [ 200 [ 200 [ 100 [ 100
Deposition  (e.g., SiHg, NHz, (CH3)3SiH)
05, HyO (ppb) <1000 <1000 <1000 <1000 <1000 100 100 100 100
Critical specified metals/total metals (ppbw) [Q] <10/1000 | <10/1000 | <10/1000 | <U/TBD | <UTBD | <UTBD | <UTBD | <U/TBD | <U/TBD
Dopants  (e.g., AsHgz, PH3, GeHg)
02, HyO (ppb) [ <000 [ <00 [ <00 [ <s00 | <00 [ 00 [ 00 [ 100 [ 100
Inerts for purging
05, HyO (ppb) <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000
He, Hycylinder carrierpurge gases (N, H,0, ppb) <100 <100 <100 <100 <100 <100 <100 <100 <100

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Manufacturable solutions are NOT known

Interim solutions are known |4
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Table 115b Technology Requirements for Wafer Environmental Contamination Control—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM %2 Pitch (hm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Wafer Environment Control such as Cleanroom, SMIF POD, FOUP, etc....not necessarily the cleanroom itself but wafer environment.

Critical particle size (nm) [A] 14 13 11 10 9

Number of particles (/m3) [A][B] ISOCL1 | ISOCL1 | ISOCL1 | ISOCL1 | ISOCLL | ISOCL1 | ISOCL1

Airborne Molecular Contaminants in Gas Phase (pptM)) [C] [G] [M]

Lithography (cleanroom ambient) [V]
Total acids (as SO4) including organic acids 5000 5000 5000 5000 5000 5000 5000
Total bases (as NH3) 50000 50000 50000 50000 50000 50000 50000

. . N
Condensable‘ organics (w/ GCMS retention times > 26000 26000 26000 26000 26000 26000 26000
benzene, calibrated to hexadecane)

Refractory compounds (organics containing S, P, Si) 100 100 100 100 100 100 100
Gate Wafer Environment (Cleanroom/POD/FOUP ambient)

Total metals (as Cu) [H] 05 05 05 05 05 05 05
Dopants [D] (front end of line only) 10 10 10 10 10 10 10

SMC (surface molecular condensable) organics on

0.5 0.5 0.5 0.5 0.5 0.5 0.5
wafers, ng/cmz/week [M]*

Salicidation Wafer Environment (Cleanroom/POD/FOUP ambient)

Total acids (as SO4) including organic acids | 0 | 1 | 0 | 1 | 0 [ 1 |
Exposed Copper Wafer Environment (Cleanroom/POD/FOUP ambient)

Total acids (as SO4) including organic acids | so | s0 | so | s0 | so0 | s0 | 500
Exposed Aluminum Wafer Environment (Cleanroom/POD/FOUP ambient)

Total acids (as SO4) including organic acids 500 500 500 500 500 500 500
Total oxidizing species (as Clp) 500 500 500 500 500 500 500
Reticle Exposure (Cleanroom/POD/Box ambient)

Total acids (as SO4) including organic acids TBD TBD TBD TBD TBD TBD TBD
Total bases (as NH3) TBD TBD TBD TBD TBD TBD TBD
General Wafer Environment (Cleanroom/POD/FOUP ambient, all areas unless specified below)

Total acids (as SO4) including organic acids 500 500 500 500 500 500 500
Total bases (as NH3) 2500 2500 2500 2500 2500 2500 2500
E:;ii?ﬁ;ﬁ:zﬁ gﬁiﬁ;ﬁeﬂﬁm tmes =) 9500 2500 2500 2500 2500 2500 2500
Dopants [E] (front end of line only) 10 10 10 10 10 10 10
SMC (surface molecular condensable) organics on 05 05 05 05 05 05 05

wafers, ng/cmz/day [M]*

Front-end processes, bare Si, total dopants added to

1.00E+12 | 1.00E+12 | 1.00E+12 | 1.00E+12 | 1.00E+12 | 1.00E+12 | 1.00E+12
24-hour witness wafer, atoms/cm2 [D] [M]

Front-end processes, bare Si, total metals added to

. 2 1.00E+10 | 1.00E+10 | 1.00E+10 | 1.00E+10 | 1.00E+10 | 1.00E+10 | 1.00E+10
witness wafer, atoms/cm™ [F] [M]

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 115b Technology Requirements for Wafer Environmental Contamination Control—Long-term Years
(continued)

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM %2 Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Process Critical Materials [G]

Ultrapure Water [L]

Resistivity at 25°C (MOhm-cm) 18.2 18.2 18.2 18.2 18.2 18.2 18.2
Total oxidizable carbon (ppb) POE <1 <1 <1 <1 <1 <1 <1
Bacteria (CFU/liter) <1 <1 <1 <1 <1 <1 <1
Total silica (ppb) as SiO; [P] <0.3 <03 <03 <03 <03 <0.3 <0.3
Number of particles > critical size (/ml) [A] POE <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 ‘ <0.2
Dissolved oxygen (ppb) (contaminant based) [N] POE <10 <10 <10 <10 <10 <10 <10
Dissolved nitrogen (ppm) [J] 8-18 8-18 8-18 8-18 8-18 8-18 8-18
Critical metals (ppt, each) [F] <05 <05 <05 <05 <05 <05 <05
Other critical ions (ppt each) [W] <50 <50 <50 <50 <50 <50 <50
Temperature stability (K) POE +1 +1 +1 +1 +1 +1 +1

Temperature gradient in K/10 minutes [U] POE for
immersion photolithography

Liquid Chemicals [F]

49% HF: number of particles > critical size (/ml) [A]
K]

37% HCI: number of particles > critical size (/ml) [A]
K]

% HyO: f particles > critical si 1
30% HyO,: number of particles > critical size (/ml) <1000 <1000 <1000 <1000 <1000 <1000 <1000
[A][K]
0, . 1 141 1
29% NH4OH: number of particles > critical size (/ml) <1000 <1000 <1000 <1000 <1000 <1000 <1000
[A][K]
0, . 3 Tt H
[112(])A>IPA. number of particles > critical size (/ml) [A] <1000 <1000 <1000 <1000 <1000 <1000 <1000
o - .
49% HF: Na, K, Fe, Ni, Cu, Cr, Co, Ca, (Ag, Au, Pd, 150 150 150 150 150 150 150
Pt, Ru) (ppt, each) [S]
49% HF: ClI (ppb, each) 10 10 10 10 10 10 10
30% Hy0,: Al, Na, K, Fe, Ni, Cu, Cr, Co, Ca, (Ag,
Au, Ba, Cd, Mg, Mn, Mo, Pb, Pd, Pt, Ru, Sn, Ti, V, 150 150 150 150 150 150 150
W, Zn) (ppt, each) [S]
30% Hy0,: Br, F (ppt, each) TBD TBD TBD TBD TBD TBD TBD
29% NH40H: Al Na, K, Fe, Ni, Cu, Cr, Co, Ca, (Au,
Ba, Cd, Mg, Mn, Mo, Pb, Pd, Pt, Ru, Sn, Ti, V, W, 150 150 150 150 150 150 150
Zn) (ppt, each) [S]
100% IPA: Na, K, Fe, Ni, Cu, Cr, Co, Ca (ppt, each) 150 150 150 150 150 150 150
100% IPA: Cl, Br (ppt, each) TBD TBD TBD TBD TBD TBD TBD
100% IPA: NHy (ppt, each) TBD TBD TBD TBD TBD TBD TBD
0, . 1 3
49% HEF: All other metals not listed in row above (ppt, 500 500 500 500 500 500 500
each) [R]
N ) .
30% HyO,: All other metals not listed in row above 500 500 500 500 500 500 500
(ppt, each) [R]

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 115b Technology Requirements for Wafer Environmental Contamination Control—Long-term Years
(continued)

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM %2 Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6

Liquid Chemicals [F] (continued)

29% NH4OH: all other metals not listed in row above

(ppt. ach) [R] 500 500 500 500 500 500 500
(1;)1:(;?/1;;33:[;}1{1; other metals not listed in row above 500 500 500 500 500 500 500
49% HE: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD TBD
29% NH4OH: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD TBD
37% HCI: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD TBD
30% HyO»: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD TBD
St oot ot gy oty | Teo | Teo | T8> | Teo | Teo | Tep | TeD
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% HCL: K, Ni, Cu, Cr, Co, (ppt) 1000 1000 1000 1000 1000 1000 1000
96% H,S04: K, Ni, Cu, Cr, Co, (ppt) 1000 1000 1000 1000 1000 1000 1000
: Z:ﬁ’)l?g allother metals not listed in row above (ppt, | 3 10000 10000 10000 10000 10000 10000

96% H)SOy: all other metals not listed in row above
(ppt, each) [R]

BEOL solvents, strippers K, Li, Na, (ppt, each) 10000 10000 10000 10000 10000 10000 10000
Planar slurries: scratching particles (/ml > key particle

10000 10000 10000 10000 10000 10000 10000

. TBD TBD TBD TBD TBD TBD TBD
size) [1] [O]
Post-CMP clean chemicals: particles>critical size (/ml) TBD TBD TBD TBD TBD TBD TBD
[A][K][O]
Post-CMP cl hemicals: el ts TBD (ppt, each

[8; clean chemicals: elements TBD (ppt, each) | - gy TBD TBD TBD TBD TBD TBD
Plating chemicals: particles > critical size (/ml) [A] [K
: (;mgc emicals: particles > critical size (/ml) [AT[K] | ) TBD TBD TBD TBD TBD TBD
ILD CVD Precursors (e.g., Trimethylsilane, Tetramethylsilane) [X]
Metals (ppb) <1 <1 <1 <1 <1 <1 <1
H,O0 and other oxygen containing impurities (ppm) <5 <5 <5 <5 <5 <5 <5

Bulk Gases (Contaminants, ppbv)

N3 (02, Hy, H,0, CO, CO,, THC) <1 <1 <1 <1 <1 <1 <1
07 (N, Ar) <25 <25 <25 <25 <25 <25 <25
05 (Ha, H,0, CO, CO,, THC) <5 <5 <5 <5 <5 <5 <5
Ar (N3, Oy, Hp, HyO, CO, CO,, THC) <1 <1 <1 <1 <1 <1 <1
Hy (N, Ar) <25 <25 <25 <25 <25 <25 <25
Hj (05, H,0, CO, CO,, THC) <5 <5 <5 <5 <5 <5 <5
He (N, Oa, Ha, H,0, CO, CO,, THC) <5 <5 <5 <5 <5 <5 <5
CO, (CO, H,0, O,, THC) <1000 <1000 <1000 <1000 <1000 <1000 <1000

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 115b Technology Requirements for Wafer Environmental Contamination Control—Long-term Years
(continued)

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥z Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Bulk Gases (Contaminants, ppbv) (continued)

Lithography Purge Gases

Critical clean dry air (HyO) <2500 <2500 <2500 <2500 <2500 <2500 <2500

Critical clean dry air (organics (molecular weight > benzene)

normalized to hexadecane equivalent) (ppb) <22 <22 <22 <22 <22 <22 <22
Critical clean dry air (total base as NH3)  (ppb) <1 <1 <1 <1 <1 <1 <1
Critical clean dry air (NH; (as NH3)) (ppb) <01 <01 <01 <01 <01 <01 <01
Critical clean dry air (total acid including SO, (as SO4)) (ppb) <01 <01 <01 <01 <01 <01 <01
Critical clean dry air (SO4 (as SO4)) (ppb) <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
Lithography nitrogen tool/maintenance purging gas supply (H;O, <500 <500 <500 <500 <500 <500 <500

03, CO) (ppb)

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

(ppb)

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

Lithography nitrogen tool/maintenance purging gas supply

(organics(molecular weight > benzene) normalized to <22 <22 <22 <22 <22 <22 <22

hexadecane equivalent) (ppbV)

Lithography nitrogen tool/maintenance purging gas supply (total

<0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15
base (as NH3)) (ppb)

Lithography nitrogen tool/maintenance purging gas supply (total

acid (as SO3) including SO) (ppb) <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025

Lithography nitrogen tool/maintenance purging gas supply
(refractory compounds (Organics containing S, P, Si, etc.) <03 <03 <0.3 <0.3 <0.3 <0.3 <0.3
normalized to hexadecane equivalent) (ppbw)

Lithography helium tool/maintenance purging gas supply (H,O)

(opb) <3500 <3500 <3500 <3500 <3500 <3500 <3500

Lithography helium tool/maintenance purging gas supply (Oo,

<500 <500 <500 <500 <500 <500 <500
CO,) (ppb)

Lithography helium tool/maintenance purging gas supply (CO,

<2000 <2000 <2000 <2000 <2000 <2000 <2000
Hy) (ppb)

Lithography helium tool/maintenance purging gas supply
(organics (molecular weight > benzene) normalized to <22 <22 <22 <22 <22 <22 <22
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

<0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
acid including SO (as SO3)) (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.) <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
normalized to hexadecane equivalent) (ppbw)
Number of particles > critical size (/M3) [A] <100 <100 <100 <100 <100 <100 <100

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 115b Technology Requirements for Wafer Environmental Contamination Control—Long-term Years
(continued)

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM %2 Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 28 25 22 20 18 16 14
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Specialty Gases

Etchants (Corrosive, e.g., BClg, Cly)

0, HyO (ppbv) 100 100 100 100 100 100 100
Critical specified metals/total metals (ppbw) [Q] <l/TBD | <1/TBD | <UTBD | <UTBD | <1/TBD | <UTBD | <1/TBD
Etchants (Non-corrosive, e.g., CoFg, NF3)

02, Hy0 (ppb) | 10 | w00 | 100 | 00 | 100 | 100 | 100
Deposition (e.g., SiHg, NH3, (CH3)3SiH)

0, HyO (ppb) 100 100 100 100 100 100 100
Critical specified metals/total metals (ppbw) [Q] <1l/TBD | <1/TBD | <UTBD | <UTBD | <1/TBD | <UTBD | <1/TBD
Dopants (e.g., AsHg, PH3, GeHg)

02, Hy0 (ppb) | 10 | 00 | 100 | 00 | 100 [ 100 | 100
Inerts For Purging

0, HyO (ppb) <1000 <1000 <1000 <1000 <1000 <1000 <1000
He, Hj cylinder carrier/purge gases (N,, HyO, ppb) <100 <100 <100 <100 <100 <100 <100

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known | @

Manufacturable solutions are NOT known _

Tablel15a & b D
* Based on SEMI MF 1982-1103°

[A] ZVTAINIS=T 4 IV ARIET AL =D 1/2 TDo T TORMEEILI )T 4 I AA R HEHE Y
ST, ZEEDIRIUZEY, 90nmEL T DT NARIZxT DIV T A TN AR/ R—=T 4 7L, LOKRE/2 AR
DIN—=T 4 I NVEEEDRNTE L S—T 4 7 NAA R AR EARE T DD BRI HEE L CHRAEL DM BN SH DT A, /N—T o
INAA XD ATIRIE (F2E 20X, K, 2V =2 —BFEPHR . A HELFET 5, f(x)=K*X n (22T, B/ H ADE
An=22, FEEFATIInEIRBRAEE L CTHERS LTS 1705 4 O T8k 15) %,

[B] KA/ =T 47V DEERAEIL, 1SO14644-18 #1112 H5<,

[C] TablelZ/REIVIZAA L ARITFHEAEIC IS, BRI IOERIRELZ B0l LT 60 5Ed 5, VI T7 1 OHEE
EIXV Y 7T 7 4 DIEEA— TN LS TERSILD, AXNVEFEMIIHEEa— R~y T RO AV G OERT D,
Table ' OED Y ANMTEBREIZ LSV TNER, T _RTOR T FI5 Y IS=EX(N*V/4) TR E T& %, SITRER
(molecules/second/cm?) . EIZfT #4200 725 1 ORIOAE) . NIZE H I (molecules/cm’) . F L T VIT LB B
(em/second) , TRD IR EDMER SN TS, SO=1x107, NHy=1x10°, Cu=2x10", HHEMO BT 5
FIZEORESZEILL | Foy = — " REREGH IR FT D, —AXHIZ, 250 LN O3 FEOLEIE, R E -
DITHETHDHETEZ TR,

[D] P, B, As, Sb Z & e,

[E] 15%:AAZ X — AR A b (POU) (25 95, POU 137 0t REENO T 0 AF o SNERICT = — )Ml AS
AVTODRAL R L TEFRSID, ZEENOTAEDOHEDRIEITEL A ATEETH DM, FARDOME T IEL ERLUEWY
T 78 U7 A A 2t FH -2 BRY | 2B ORE 2 BRI L L 72N B 2 Hid, 20 Table DIRIRIEHOIEE Fod
EI TR < RRE - RO BLE T 0 AR Tl E | FBSILCOAIURIe L~ L TRESN TS,

[F] ZUT 47V A VB L O A 1% Al As, Ba, Ca, Co, Cu, Cr, Fe, K, Li, Mg, Mn, Na, Ni ,Pb ,Sn ,Ti ,Zn # & te,

> 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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UPW HI® Ca, Fe & Ni DLYUZEY | T x— ~ ECRIEEE2 DI (atoms/sq cm) E72o57280N) 3 0D 77 Ff5i] A3
HD, ZNHDIEHED UPW HOL~LT 10ppt L FIZARRT 52 L0 TRRB TEDL ~UES L TVD, oo
—ODDOEFTIEH LM, 0.5ppt & FRIDEDFHNIZEND T —FDMFIET D, oD Z->DOFAFTIL, 10ppt (ZDRERT
@ UPW HOMHIEA) L F DL~V CHREEDR -T2, A4 MBI 5281280, ZOREIT eieoTz, ZOA
A AN TDTEYL LS I KD LT S HER 22 L3 THAEI T D, ZHHDFETAN 1.0-0.5ppt £V I EAVE
HEND,
[G] Tablel15 DT XTOTHELOHALITIUITUIL ppb 28HWGILS (BLLIE ppm X2 ppt 2SHWHILDAY, ZZ Tl ppb
ZAHES T 2), 10 (5503 (ppb) DHNLITE &, K, TV THHZ LR T RETHD, FHIFRELRWGAIC
IZLL FOHARTAL DEBNTHD, ALFHEhE UPW 1T fXANE B ppb, WALV —Lb— AT — %I ppbé:
95, FIARGIAL U CIREED TRIR DA ZIAATE ppb X/ ppb IZZE LV, EFEOBISEL THAFDAZ VTE & ppb
15,
[H] Table |ZREFTZ AV ORI 7)o Z IR S B AR AT 5,
(] A7y F &5 | &R TR E/ 2D =T 4 VN A R T ATV —D /=T 4 I VA A XDONYEHEIAKATT 5, BEE
1IATY — L7 2 — R DBUESIZ LR ES NS,
[J] BAFZEFZOFPIIAT Y = 7B O WFRR 2 7 e 2D MBEED -0 72 FIAFAET Do AN Y = 7 BEE L D7 1
TATIZZOHE B X CTED, ZOREIT T v A A THY T R —H —(ZX > QRO DL ENH D, UPWDIRE
AT = I DERINR—F a7 77 A —H B CEBEICATTT D, WY AN Y = ) TR )VF —% AT DT L4
LICN IR E A NS A ST 72 YEisH 72 D, T ADTINCARSN DRI AL T, FRHTIBHMK P TIIT 2D
SR ER CIR 2R D 2 L LB LT AURR D720, 728 21X, UPWHON,AIFVARFR X, 20°CC 15.7ppm, 70°C T
10.7ppmD#IPH T D, MO H ANME SN AL, Foizel ~UWE 2%, oW ACBALIALE3E P o7 at
ZHFRNZOW TR O CIIEFASN 2,
[K] BATOT 7T =M Tl b P OIS —T 4 7 VDl NEEETE 0.065um ThD, ZIVHD/S—T 7 )V 71T
R —THRLI IR — R~y T OELERE I CE5E O T, I A IZRLR U= 3R E T EE VW ice—R <
I HDIVT 4 TN S—=T 4 7 NAA X OBV AR DD D,
[L] 2D F~—7 DT —HIHHER A (POD) F- 13 E HEeR 12 b (POE) TSI TEY, Tablel15 /3
TA—HDIMEL T2 > TND, EER T e RIS E A AT USRI IS 2 POU ~IADBDTEGIROL -~ 8
)72 SEMI AZ A —R D@0 FE BRI Z B CTRSEREFSIL TS, Table HFOEIZBNZREIR 2 N ED)
POU DZETHD,
M] B 7Y —0 = —  MERLS T = — N E R L L T= D 24 H%Fﬁz;s%b ZL T =— " FHZTD-GC-MS (F-IEH
Bit- T A~ N7 7 G 8 HTED 2 T 40000 OBMIBEC CTolr 375, ERIIAFTY T 1 (CgHsy) ZAZ L H —RE
L7zt B BB SL, TIC(b—F VA A ru< b 7A)@inm%§miSEMI-MF 1982-1103 (A IZi
ASTM1982-99)°12d:%, EREDFIEIZIOIRES DM FIRIZZL DA OFRIEL 725, RO T aBART 7 XOR]
W LB S NI 7 T B AY = — NI LD @O RSB ME SN D FIREME R H D Z LB T HRETHDH, 7 —Nig
{EIEFEZ RGO L Bl D K572 7 v A3 ZDOPD K5 72 i il s D A 26 U C LB  CTdn 5, SINRRIES, £7-
ROV \<O75>®7"mt7¢@%i%ﬁlﬁif&>é F— U hOEERITEIOZE CTHA—=ZNTWD,
R—/SU N7V —DRMEZFFHTOITIICOIZ HF (7 oAb FEE) CTHIBELBEL | 24 KFRIZRE T 5, Vo — IR OAR e
VRGO BN HIEEL THILITOD HIETEIIL TONrd 5, ZAUIBEIL TS TGOV TV TEIZ S
SR—= XU NDFEIEL 72D, F—L72% FEP, FRHIMHI7 G LW —~ XY ey b ZLTERR—ZADT SA AT
KU TESIARN N R ENDTEAD, L, Vo — DR OET T ADERFIZ HF £7213 BOE (/Ny 77— Rk
Wy F L ) IZED T ARSI ND DO THIUX, ZDEXDAT v IIRIE TR —/30 MR TR T
72720 . KO EW RTINS E SN D72 A9, BEP (VX7 R 7t R) [ FEP 0B R —/ S0 ML Tl —HrLL F U
TRUVMERAD DD EEE T 2L ERHD,
ITRS FEPDI V= HARDTabledD A2y ZIZAELT= lelOatoms/cn’ DIEFE DT = — %7 — L IR BRERIT 24 BRI 2%
T5, IRIZVPD-ICPMS (7 v 7R - iR il 57" 7 A~ " 83T at) F121XVPD-AAS (7 v A K oy filf— I 1-Wo
WEEFH) Z N TT == RAE D55, F—E7R2BFEP, B/ S R BN ERENA72 59, L7z —
INDSROBVTFRORICEFS IR, Paf L0 RIOAT v 7 HIC R AR ZRESIVTHOREITRWThH A, BREENHOD
AHIABYDREENT 5 1Tl =T 4 7NV ThHHI LIZEBE LT UL 725720, Tm— N EORR S —TF ¢ 7 )VEN
REFDAZ VLU THAENIARFFS L TR, BREEDDDIZEAE DAZ I HAENTHHIE 5D, Ny 7T R at
A (BEP) [ZFEPL NG/ N\ —TF 4 7 VLR TN AS UKL TR TV MEMIZ S D, AMaf DT =— DAy 7D 2 &
DAY VIR GITREL , 24 FEHZRGELT20 = — DGR IIRGIZEHAITCED, FEEO T m A TIRIT AN TEIRFRHIL
T =— NIRRT | 24 R RET DL ;M = — OV BRSNS, FRESMC (FR 17y 1154 D
TFIRMEIX P2 D THY T X TOT e ART Y 7RG OFESH, F—/SU MHDWIAZ L OFT XTI 2
H—DEIIFELR,
SMC DORRFUEIXSEE e 7 e B AR LT D RMREMED DY . TSR SIEEH L DU T S— 2 I0iE YL~ L)
T HLER DD,
[N] 173 (DO) 13K S _R—hEH TR S0, L CuliE I 2k L Ty F L — M8 % 5.2 %, TableDl L
3L LB TMETH S, FICHNTOOT NIENO NI EE R LG 7 A~ OB B ChHEVEE TR
LEZ BNA, WL OO EEEEE TR CIIDOIX NSO 7t A T T ARRE N HALE 2 HILTEY, DO
TablelZEDHIVTWDIELY 3 Ml EEOWL L CIERZI TS, DODBSEL Ty F L —NIT X TOMEH X
L CERBIRE D 727220 BHIHO =y F 1L —MNIDOA 300ppb ClEIEMAKIZ/25,
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[0] T TEDIVTWASESE PRI T2 BAEL ~ LB R O/ =T 7 SoAF AR DIGY DY -
—AASORUGHEE, BAEESEVDONDR, ZNHD /ST A=A IE%EBIND W REMEDH LIV T AN TebDELT
RIS IVTEY, IEMERL VB ER T AEETBIEE T ThHD,

[P] UPW DRIV INE, T — DY p—2—~—I DJRKEI2D, U — N KEDPOIEH LTSV E T — 5 —~
— 7 DOEYERJFN 72D, Table FFOMEIFTHIIAIRIZ 90nm T/ S A AREE T RSN REZ L TS, T3 At
ERFOBHI AU, SVAREDOERITIVE 2D L TRISID, UPW HFOLYAORELT +—F —<—T DR L
BAfRE W T DN DD, Ras EURET Y B DZEIZ T 50ppt & 300ppt DAEIE UPW EH /7 A—4 L1 T Table
ORI STz, 2D o OFEL IRASINIAF L G HWH LA T 5720 | A4 L AHL 2 DRI &
IRTEEL TFE-TND, ENOITHRAT: UPW VAT AREL L T ob R EEIE T/ DT Table 2>5FR7MTu
Do

[Q] ZVT 4 hn7e A DYAL (il Al, Ca, Cu, Fe, Mg, Ni, K, Si, Na) |FHAZXHTOAZ L ORBENEE LA — Mgk
JEDIEHENE, DIV T TA T ZA LD LR BRI ST A= L ~DEB NEAFT DT v A5, FaE AT
i SN DI A3 I E [G IR BN A AT EE CTH DI, Rk T AR DA AT DN TUIH AR TAZ L
=T 127V (] Fe, Ni, Co, P) T ZETIERTHAREMEN —FBORETH D, AV EE AT R E T VY
T AN T AN TAELIRN DS, RPN AL TEBE T R&ETHD,

[R] EFSNTALFHESL BRI D5 R AZNAF YA TS Ag, Al, As, Au, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li,
Mg, Mn, Mo, Na, Ni, P, Pb, Pd, Pt ,Ru, Sb, Sn, Sr, Ti,V, W, Zn

[S] VAMZEEHEH SN TRV ITHEITT A AD SEMEICE W HDWIENOL DD 8 KIF 30 Livn, £l Tl
XUIE 7 BB A THEHAL TOAEEIEG IAFET 200 LAV, UANIFEH SV TS IEHRILT /SAAD SEPEIZ
KU CTEWEEE T T iREME T 503, 7t A Gl I L QWA LR FR I BRI S AEAE L7\,

[T] 159~V T E2 _—AL L T5 (ng/em®/week) , MEZ BIE LT LF 20 EORIBYL ~Vh E- BT *
NF—IZINEAET D, ZNHOFREITBHER AL TODH LT — XD HESTND,

(U] ZOIREZZEMEDOERITHIR HOWIEEL T UPW &L A ORIRD Y777 42EE DT85 THY | 2005
W ODDBIEEE T Lo TERIN - FEARIRERICESW TS, UPW DIREZ LD — B EE T o 24
BBV CER SN E i TR EI SRR SN A Z LR Ta,

[V] 74NV T57 0—0 AMC DFEEEIIVY 757 A FEEA— 17306 ASITAFIZ SN TND, T_XTOTHRN VT
T 4 — B T IEE N D2 R AT LT BT DI I T A NE—H L TND, ZIHD T 4V Z— 315D
W B ARAF LT FEm D oD, AL FRNTIER R REA MR T A28 I NOD T AN EF—DFMA LT ZENTEDHT
HA9,

[W] D7 VT4 TINA T ATT =T LIABRICF,CINO, NOy ,POs” Br SO D IR MR A A Ede, LSRG,
MK IZZBDAA 3 S0ppta ERIDIREDLAIZT B R EAORENGHHEN) STRIFBIEE TR > T
72U, HER, XWR, R R, 7 TR L T 2V ED IO IR RER DA AL DA EIRL IV FBESRER T
Do

[X] CVD ° ALD TRHEZH ST E DELEIZZIED T 7V or— a2 S alkii C A L T TS, 757D FERE

LA T e (L 2B BN o THFIAS L T8, € D728 LG DIIIR) 2 BRI EH DREZE T > 2D 7 27— 1D

Table (=77,
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PR fBeA

BREVET NV EEEFR KM

1997 4, 1999 45, 2000 4F (2 SEMATECH 23 To7-dE B FFA K MR 2 B3 DA A5 A3, 2001, 2003,
2005 ERROUERHIIE S TS, EEETFRRMEE O FALDOT- D121, Fiiz/eii i m< LEns, 4
BIZIANT 2T MME~DOEW#EAEL T, JOENT-T T WAL O N LEETH D, o AR E S il
DITFAR—=NZEST, VAT T 4wV ERNZLAHHEY) (SMLY) WRESE R T _REXF LU/ > TE, 2
AUE SMLY 2RIV ERFO FERETHY, £ OAR 0] EEEEIES AU TOAEW) TS
XA, AT, STGAN I HRIN L3R EH 0B ADI A~ F IO AR 0 ) FEIC 381 A0k A
AN D, IO, L TA Ty U T T RAL S THIEREZEND T B ALLE N EELL S
BHD, W T LT > TR B2 72 K (non-visual defect) 73, AxB80 T /L LIEE TFR R Mot JO G 4E
BREDIZT 5, Lo T, KMGET MIBBRIEEDET MbEZEL . SMBWMAT 2 & ORBEEAN L DT
~OREEAL FSEDLMENHDTEAD, ZhuE, KEEOHT TG & Rl 5 A O Sea 3 e
%o Bl 7 2B AIIXRERIZ2FREDHY | HATER O THE D IITFRERS I TE T, EEOBE 230
IZ 52 D0, TR ADBHEE DMK A5 BB L OMRIERFE, K127 538 20357057
LF IV RIEDWE RARIED B DT T WAt/ L WL OO RIEN G ENTWD, ZOMFZET, K7
Z DI FEREBE D S SRR B AR VERE J D R AN X0 | ML L TV 5, Figurel02 (2, FF RO ARV E
T IVASOEARIEE RN RE T 2T 72 5758 FIALR NN DI DR sz R LT,

2007 2010 2013 2016 2019
2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021

DRAM 1/2 Pitch ‘ ‘ 65nm ‘ 45nm ‘ ‘ 32nm ‘ ‘ 22nm ‘ ‘ 16nm

YIELD MODEL o o o

o el mong rect [ NNt
S ysiematic mechanism mited
Se” contamination fmited N ) il h l NN
Scaling FEOL complexty | (D I ) AR
w ‘ - r - 1 . [l ] ‘ ‘
Scaling BEOL complexity OO
w ‘ .. [ = [ ' 1 ] ‘ ‘
Yield Model for DFM I [ I Iy
DEFECT BUDGETING i i i i
Random defects N )  h AHIMHIIEEITEDESDESESSRN
1 1 1T 1 1

Advanced test structures for
non-visual defects

HE Research 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 102 Yield Model and Defect Budget Potential Solutions

R Mg HH & A

R B HHZE B o9 D BATHY B SR AT 72 3 7201213, ZRIRIFFEE BN S 3 ITRETH D, Ty T
7 TR TS @ T A~ ML (HAR ;high aspect ratio) #i& CO HH (Figure78) I EAE 4453 TIEZ2 W,
HEBVR B D7 V2D 7 H51EICE B L THEBRFE2ATO & Th D, TERT LV —I72— LT RE
D —R<y 7B AHEEV N ERORFEBE CO R — T "D BEREICRET A ENEREN TS, 7
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== EDIVRERTYTINDT — 22 WAL TIEE T 572012 ISR EAT — L IET D0 B3 S
2o

Bl 7eii s 27 DO BRI I LE BN 5 AL BT S A R L CTUD, R B ST O BRI 2 fllioe 957
DI, FRAL, ERG R — W — @O B RRE EsHE 8 LR TR L X R, (R
T BROLELTHERA, FEOEFEREENS I CICLETH D,

n— R~y CHERSNADE 2 7- U _ECOMRBONT_ BT IR L OVEPERE O B AZALERRE ) %120k
FTHZDINIRERT L — T 2V —NERINTND, Vz— N EOKEFEEIE OOV F| 7 —Z G0 7=
DITIIT VAR BRENDRETH D, Y7 727 DT TV ALOHBIZEY SN tham ETxiud, ok
PRI S LI LN TEDLTHAD,

PR RAEARI L, SRR B D RS B L7k, TR, KRB EIZB 57 — 4 BLUN s/ 8
BIRTE DB G F20T L6720 (ZOFII I 1T 2B DU OSBRI ZIR R O 81 D7)
AR, BEIRMESEL 22T BRI TV T BRSO, X NEOfMoT LAY
R LHAAZADNT, I KRBRORE NI A FEFESH D722, RIBICSEET D20 ERH D, KM LR T o
T2 DR AT BN L Z N DD BN A AT+ 272D KD LD R KaIZ B+ D iF A LA 3 Z e mBET
%o /ISR T D720 E 2 T X LT DR8IE, DfFREAR LT D7 OIZRH BT D720
DT TINT G =LA TAATE LT, B LIEREDOE L O 2T EERRE ThHD, 2D
7= KBk IR RO FE AT LI ET TITh L TV D, KRR REZ 7 1 AL E TR T 5720
DEAZEIE A B 2 AREHE ST D7D NS D EE D DD,

2007 2010 2013 2016 2019
2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm
PATTERN WAFER
INSPECTION
Meet sensitivity combined with
speed

mpovespeedorsensiy | AMTIiDNMTOTOrSDES OO

HIGH ASPECT RATIO
Novel techniques

Speed improvement of ebeam
inspection

UNPATTERNED WAFER
INSPECTION

e aman AMMHIHIHHITHIHTIHTTHTHHTTnniiny

DEFECT REVIEW
Easy to use automated ADC

Improve speed |

BEVEL INSPECTION
Improve sensitivity

Review capability

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

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

Figure 103 Defect Detection and Characterization Potential Solutions
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HEVE R

HEE B D EATEESR O Table D yellow & red DFEIL CTRENLTWDINNC, Fb v B MW B — o0
Beffr oy 30X, KR tHae &2 05 &, L OSER K,/ REORKEH ChD, 7 /34 AA—71 FH IR
IT it 7" 74 R OVF R BURE S ORI FBIRE ORI DO W72 7123 Wl e AR £ H IR T5
Rt tHRE /1 &% DR BB DERIE 7RG R A LR FEAT T D720 IS ThH D, 2O K72 BARAE O ik
LTI, RIEE BREFATIC I W TELDIFNRBFELEET HThH A, LLTFOHBE EVFF AT LD
FTC. HRDRR R A2~

CHIVETHRML CE2Io1z, Kia/ REJFEER D200 AUTSAE 0B T2 RS NDEE Tl e L4
FFCED, LU, Fox FER T OB EOFENTBIROER 25 2 58, 7o AFH NN 7oA R&D 7
N—TINSAEFETA AN TSN BITH B Z DK/ A BRIRERN TSNS, EESNLSAEEV W EAk
FIPIZEERR T2 4120%, LR O Z 2D FERHH:1) FIKSC AT =R LD GBS B2 8T 7e Kt/ R B OEE
WHT ., 2) Fil= 72 K s,/ A BOJFIRRC A =X LOTEHEZ OB E T DR ZL T, F—07 7 m—F 1%
EERENENOREIKGTT 20, 507 7 a—F Tl 72 K,/ R BEOJFRFEH D=2, LLFIZRT
IR DY — NS H R BT D,

SHITERET R OME TR OGO EMES DHEKIT o T, SV EA 5.2 DEAPEFE R R A X
ALY =T LU CRIGTDRENTIL, 7Ry T T = ~DREIMEIFN ML T2 D, ZOZET, SEEVE
I RO AEFEEEFIZEMES DAV BT (yield ramp) HIIZ B W THRICEFEIC2D, /vy 7T —
ZEVE, WY R E BB I o TR AL T A TIES IV K A, F7iE, APC /T A—H2 L VA
TANT —HThHDHEEFRTED, N —TRERD I 72 RO T ORI, FEROH ) — R Tl
HIZIZFIZADRWTH A, IERLBEOMA S0, 7t ADZEHA B A BRI 95 A ORER~DER
X, JIET —ZIZFEBEN TS SN A KIS T DR kS BT OB 3 % LB E 35, SR FVE IS AT A
(YMS) @ HAEIX, AIREZRERD D72 B C B AD AR ZREIC T A2 Th b, ihOFEZRLE 7 1A
VZBAESUT CHURE T DT FUAIL, KV 155" 2Rl | i oL~ v D7 e AR N ORER (78
L7 505%) OB THIE /A XD FBELEZHI, TR, BRO B RO R, SO
DIEFERIED D NTZ DD in-situ 7 0 ZRFEHIED DI MA LK T DM OBRFEEZL BA TV, | . Hix
T e A= T EHNHINS ., SR ERLE T o 2 ORI O B 8L T ED £ ERIN TS, BTl
WRESCHAN Y EHETDEEAIL, SARRAE LIIMEMICER SN2 T — H_X—RBREE T COT —Z DY
02§ DAENER TR T 2L Th D,

F.z2 %K Ma (Visible Defects)

RAZENTELRMOIRRZS>ELHLHEE L7 DT SEM FRUTE DM, ZL TRILE =
—. SSA, ADC, EDX, FIB (Focused Ion Beam) ) |ZL<EENHSILTOD0, B s DERLUR g B ED K % I
T DD DF5372(5 BRHET A L . T E T /hE<0 o TR DR a0 s 3a MRk Z I E 5
HIZDIZ FILWEEE S FEDNBR SR T UL b7,

Rz 72K (Non-visual Defects)

HARBEEBE R O S, JUEERE N AP S L7 W Tl W iR BE A PR (I CE Dl IE MRS O M H T S 4 B
Thbd, AWK IGIRZDELDHTDIT, BRI RENT (EFA) SWEER) AN BAEHT (PFA) O 25 D it 44
B OFRRECHINN, SBESNDZENTERIN TS, 90nm LU FOFAFHHARI, Bl ~L o KiarEbk
TR ATREZR LR E D85 R BFETEAR O BHR A ZRL QD EHIZ, 2 DRIFECRNT S VAKX DFEERF
fili, HDHNTY — I #REEZ [FRIET D701, WEBEIEEH DC ~A7a 7 a—v 7 O RN M E3HZ L3
EThD, R RO REE OEBILED, et T v 2O AE/EREIEL CTET /U bLZ2iT
725700, TANESC FIEB IO REE S LT, KRR & ETa R HE /1% M LS 572912,
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INBDET NEMLELLTND,

BIEX, ARV T L ADT AN v 7 o~vAra7 aty RO AETI T LA, REOBHZFFEITHERIN
TN\, ZOHAME, TVARERAE R 720 T A RTHILR FTRE CTh D, FEROILIL, 7AN TR TRES
e DRGSR e B7evy, DET <2 BIST 1, AN ERAEFTHRFE OB 725 F 15 THh D, DFT &
BIST OX 53k, N BAEFTA I HIERR AL EA T SRR T AU b7, IEME AN B ERMaD st
FET YL, RERMEFTREICS T 2R DMBID 212, BRSO MEDNBHD, MOT AN BT T AL, T8
ET LS BE— R EMERITEE D W HRDERIT, R R — 2 OfF A R
I, ZNHDOETOHEANIL, AR EV M EHIFE DY, L0 D IEfMEIAR BRAERT LA EREMED R
R&RrE S 5H4 R T D,

HFEIITHERD A 1E (OPC) | A /A o —RCNAHL 7 X D L7 B DL F 7 ~DE AL~ T, K
(IR LWV RIEO R T2 VIS I Z T TH A, VT TT7 4 TRRO/RE— B Ny
F 27 TRED 2R LRI S IE T 572012, FHAIS Iz =T D IR E | BEHIIE SRR IRE
PRS2 L0728 LV RIS H AT 23 A B 7‘@6@%90 NPT OHI SR ERE FIEMEE, L TEA
=T NEA-F N BEERE 05 U = — ~NNDOFTL DG D =R TR A FHT 52 &3 FIRE T2 (Fie
HEZIT) CD AR —BOFHET) , ZNHDFREHT — 2 bHEES O HIEIRE SV LH6ET) &
MASNTRHAENEZ WA ZE T, BV D= TIXBRNR T A AR A D E S DL 2 R
DB A E RO T ZENTED, Vo— " NOEHROFHH fzﬂﬁ ATV, HEES U= FIR & P
T OMERBIT . R VICE B E 5-2 5 LR 72 W IRICEL R L 7 A ) R RE OO B U ] 2 i 3~ 5 DI ZE Th
Do

73T AN w27 R B (Parametric Defects)

TAZTOREFNZINDELD/RTAN w7 T =B a7 A7 L TRLZEIL, T AN Y 7R O RO IR %
REIEODITITIRDTHAD, ZOEHMIT. 220 ARHT (SSA) Z 5B Lo S FED AN 24> T, 7mkAT —
HZEOMBERBELE T D TH A, "ITAN v K" 5| Z 23 A REMEDOH DT B OMEREET ML T 52
ET, RN E LD ECT IR AT 3288 T& 5, BIST (Built-In Self Test) Hiffild, /37 A—H DA H)
RIAVYTNLL S TRIDFAI T HAOMOAR B E— R 2 LR AR TR EINHRETH A,

F— &% 27 A (Yield Management System)
LU OgE702 578805 Y3 YMS ORI 23 &35,

o T —H/Tr AT p— N ERE AR DIEE(L,

e YMS/WIP Dty

o TF—HE E . FLEEIEIEICOVLTO YMS O
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2005 2006

2007 2010
| 2008 2009 |

2013
2011 2012 |

2016
2014 2015 |

2019

2017 2018 | 2020 2021

DRAM 1/2 Pitch

65nm 45nm 32nm 22nm 16nm

INTEGRATED DATA
MANAGEMENT FOR RAPID
DEFECT SOURCING

Automated data mining

Automated correlation of
design, process, and test data

NON-VISUAL DEFECT
SOURCING

BIST

Design for diagnosis

Fault of defect mapping
Design to process matching

Improved micro-analytical
resolution

PARAMETRIC PROBLEM
SOURCING
Integrated process capability
analysis

Parametric disturbance
modeling

EFA/PFA NDF (non-defect

found) % reduction
Improve failure location
resolution

Improve sampling preparation
precision

AMAMMHIHIHITTITIIDONINGE
N S S S S
[ A T Y
Y S S S S S S S
F S S S S S S
A ) h:: Hu HMNINIHHHHIN .

AR : AhhhNIUIIITIEETTEui n i aa.as

A HMHMHHHHHHTI OBk

A 2IMHHIHHH I iy

I Research Required

I Development Underway [ Qualification/Pre-Production

Figure 104

Y Continuous Improvement

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

Yield Learning Potential Solutions
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7 = — By YufiliE (Wafer Environmental Contamination Control)

T RERE — e REENTORMBEEHIT 5280, RIMGE O HEEZ 2R T 5780 O i i
ThD, IR EFANTBRED A4 15 FERIO F B/ MRESRIL O FTREMEZAZIEL . 90nm LA F DT /A 2D K=
ANKEAPED FigiA ATREIC T HEMFSITUD, Figurel05 (ZXAUE @R KK Mo HEIXFEEL Tk
WYH MDA =V T HANTND, BB MO RIGE, 7 — MRSy 7 E P BB L O Z IR GG %
L TG AN w7 72 R i FH S VA BRI BRAE IS L BE L 70 2 T L2 D (in-situ) T /N —F =
LV TIE MBS, Z L TR TEF OUGEL 5 R EMIC LD | BB O T v o N — I E OHER T v
N—D oy NI EE O KIEEHIIDS FTREIZ 725, 2O DRSS I BB RN LICH 5T 57559, Ux
— NG YO HINER DS FHI R SR E ORI b2 T2 6T, Vo — N EEDNDIROY = — K
NDOEBJE/N—T ATV DIAARALFIR—a VI T TT7 4 TRRIZBIT D3y RAR Y MM SIREZ L C
FREET v/ DZEEHRIT D, FEROEE AW TRHILAZE T 52 TOREERD, O Vo TMEIOEE, T A
DOPEFVCIREE B, U = — T v I O b7 E DO/ —T 4 7 )V BT DT O RIGEED HEE
T T DT O DREIEENIZ 0D, BOGSZE TOTG YA, Wk HEFEY D FaARR) 70 B F A TRD HTE D3,
BUEDILE ST e A5G 2 8 b T 2 DI EETHY £ DY (in-situ) B2 —HDT — RN TS
TeOIZ TR E T2 %, ZIUDIEAR 2 EL AL F 2 L T TRV IR BDOIERET VA RARE TH L, Tt R
R D K ez B L LB 2 fe/ NRIZT 272012, Z D (in-situ) 7 22 AN E T T EHEL/2H>
TLAEEEICBIT DT 2B AFIHOT=DIZIE, /STA—=F BT SAAMERRIZE D IS DB H 3
AREV7L RPN EECTHD, FR7 B AHFEHOT- DI, A L EGGE E S, vz h—E8L
WY TR =T Z I —(METED LR ABH DI RIES AT LB Th D,

T AOEBERI B — Figurel05 (ZKRBaEBL I LHERRT 5720 ORI RII TS, IR HHlE
SOEMEER T HIZDITIX, TS AASOREI R T HEB AU TH D, RO ATREMED LS
IRV AT DORKEDTDIZ, I B AR T 2LV D) 7 2O EE I E T 0H LR,

Bz Ieb B Wi 27 e AD AR A L2 IS 572001213, WFFERRFEICIX AR M T — 2 25
DHZEWLELYY, 77— MEBIRO 2B B O IE L A0 FAR 22 7 e APEREIZ B Db T2 D25,
ZORIZERORMBEL 2D, T DL 72BARE B TIL GG T DB LT LAV NS, L L FHESED
IR UL, 2 DR DR R EOSS I NIAE e B i B e B TED SN H T LT h, RS HmE T HREL
M BIOIEGD T =2 PRI ThIUT, RIIRIZ R TRE 2 MMEZS >,

MK — HERAN R T AMAKS AT A THIUR, BITEDT NSAZEIE KT HRE7RRIGER L3705
20, ZOZEIZHE AN, B =Ry 7 TR ROEEICH L TO RERE L IIMLELRNETHIL TS, B
— R~ T OESNENLE LTI, BB AL 700 I B BIR 2 BARA 22 R Ia I A =X 2
DINFELTIRD, BITEDE ST, FEEIKE R =T 7V RITVT BN A G2 D585 B+ 52
L ELTHUKHIAFIET LB 2 oNA DRI CEL 0 FIEOBIH T IRUL FOMEE FrET 52 Th D,
AR OARL ~L DVB YA REE T D EHEICB A A ORE FIEOSER ML TH S, T4
DOERLADY, FHEERE DAL T A 3T EAT HF 2 POU CTOFFIHBRIAKAS, FAELZRV BHIK L[R2
IXEME ChHAZ LA T DT D DA OB NI O W R AL 1637259,

{LZFKE, — Figurel05 (2, Ve — HET v Ak SN DI OMEZ b I HIE 3 D7D DRk %
AR LN s N A

Ve— N BREERIE — ST &SRR KIG GO AN 2 H L EBIT HTERE B IR TIEZRBa0,
TS TIEME, FEMEDR DI T N AL TR TED =T 4 7 AG RO TN — N E T E
(272> LD, 7B ADBURMENS T LEHIT, T — " EWELIZVRE L2057 O RTEME R AR D
AR TLDEERDND, 77— NBLATCa 2 7 NERRTOBES TV AT — 2 al BNZOMEREZ A1)
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[CBEET D7 AL THEIT oD, EAUINZ T, NEHFRHRA I LIV EZEn— Ry 7 4E [ ~
DIRGF DFERAZARI TE GG %m—bmﬁ@%/ﬁ%léﬁ#?ﬁ%éﬂﬁf‘%é %;BﬁOD/\—‘/‘/XTN%E% ZHY
FIRBL TS5 PEAEEE O JIOITAEMEIRB RN M E L SO EEE I X N B G E 0 D, 7 —
PRBEEIN DS IR T DIZ DL, TRV T RO BHERED, ?;H/\%f/af%%%%’ﬁféif EJeN
1592 Db D% HEIRNEW) SUCIERICE BI85, AT MERCERH D T m A O/ aAa 23—
TarEREL T bien, BEHITCIKT D M AT E D72 WO FPEFDBRZE N, IR = — LT
7V OIEBERLE (> THEE 70D,

2007 2010 2013 2016 2019
2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm
GENERAL
Fluid purity impact on device
yield / performance

Contaminant based process
control

AIR/ AMC

On-line monitor for AMC
contaminants

Reduced cost of ownership for
AMC control

Development of emergency
response procedures and
measures for fugitive
emissions

Verification for AMC limits
relative to metal corrosion

UPW
Metal detection capability

Metal removal / reduction
capabilities

Tool blanketing to preclude
dissolved O, increase

Particle counting techniques
for direct measurement of
smaller particles

Organics analytical
capabilities providing
information about organic
molecular weight and
chemical species / class

TOC: analysis for chemical
family and molecular weight
identification

Continued

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

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

Figure 105 Wafer Environmental and Contamination Control Potential Solutions
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2007 2010 2013 2016 2019
2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021

DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm

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

Improved particle performance
by finer filtration with sufficient
flow flux

Improved particle performance
by higher BCD unit
recirculation and improved
pulse dampening / improved
pump performance

Particle characterization to

identiy source of e

contamination

Anion & cation measurement
in process chemicals

Organic measurement in
process chemicals

Contaminant characterization
in CMP slurries

On-line zeta potential
measurement in CMP slurries

On-line particle size
distribution measurement in
CMP slurries

On-line contaminant and
constituant measurement in
plating chemicals

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

I Research 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 105 Wafer Environmental and Contamination Control Potential Solutions (continued)
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