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2 (Yield Enhancement)
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3 (Yield Enhancement)

Through 2010 Grand Challenge 2010
Beyond 2010 Grand Challenge Beyond 2009
2010
EB
(HARI)  100nm
CoO
WECC
“ IC
1
Ym:g*n:g*l+Am (Ys) y
o R
a
1997 ,1999 , 2000 international SEMATECH

(PWP: Particle per Wafer Pass)
MPU DRAM

2009
2009
(Yr)
A Dy
109 110
108
PWP
10

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



4 (Yield Enhancement)
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108  Defect Budget Technology Requirement Assumptions

Product MPU DRAM

Yield Ramp Phase VolumeProduction | VolumeProduction
Youral 5% 85%

Yranoom 83% 8950%

YssEmanc 0% 95%

Cluster Parameter 2 2

(Yield Enhancement)

109a  YiddModd and Defect Budget MPU Technology Requirements—Near-term
Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hpoo hp65
DRAM %:Pitch  (nm) 100 P 80 70 65 57 50
MPU/ASCY2Pitch (nm) 107 N0 80 70 65 57 50
MPU Printed GateLength  (nm) 65 53 5 ) £ £ 28
MPU Physical GateLength  (nm) 45 37 R 28 > 2 20
MPU
MPU %:Metal One Pitch (nm) [A] 107 90 80 70 65 57 50
Critical Defect S22 (nm) 54 45 40 35 33 29 25
ChipSz(m?) [§] 140 140 140 140 140 140 140
Overall Electrcal Do (i) at Griical Defect Sz2Or 2210 2210 2210 2210 2210 2210 2210
Greater [C]
Random Dy (fauitsin) [D] 1395 1395 1395 1395 1395 1395 1395
Number of Mask Levels[E] 29 31 33 33 33 35 35
Random FaultyMask 48 45 42 42 42 40 40
MPU RandomPartides per Wefer pass (PVWP) Budget (defectsm’) for Generic Tool Type Scaled to 54 nm Critical Defect Sz Or Greater
CMP clean 397 263 195 149
CMP insulator 961 636 472 362
CMP metal 1086 719 534 409
Coat/develop/bake 174 115 85 65
CVD insulator 854 565 420 321
CVD oxide mask 1124 744 552 423
Dielectric track 273 181 134 103
Fumace CVD 487 322 239 183
Furmnace fast ramp 441 292 217 166
Furnace oxide/anneal 285 188 140 107
Implant high current 381 252 187 143
Implant low/medium current 348 230 171 131
Inspect PLY 355 235 174 133
Inspectvisual| 380 252 187 143
Lithography cell | 294 195 145 111
Lithography stepper | 279 185 137 105
Measure CD 332 220 163 125
Measure film 285 188 140 107
Measure overlay 264 175 130 99
Metal CVD 519 343 255 195
Metal electroplate 268 177 132 101
Metal etch 1153 763 566 434
Metal PVD 591 391 291 222
Plasma etch 1049 694 515 395
Plasma strip 485 321 238 182
RTPCVD 317 210 156 119
RTP oxide/anneal 208 137 102 78
Test 81 53 40 30
Vapor phase clean 729 482 358 274
Wafer handling 33 22 16 12
Wet bench 474 314 233 178
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6 (Yield Enhancement)

100b  Yidd Modd and Defect Budget MPU Technol ogy Reguirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp4s hp32 hp22
DRAM %2Pitch  (nm) 45 32 s} 2 18
MPU/ASC%2Pitch (nm) 45 35 32 25 2 18
MPU Printed GateLength  (nm) 25 20 18 14 13 10
MPU Physical GateLength  (hm) 18 14 13 10 9 7
MPU Y2metal onePitch (nm) [A] 45 35 32 25 22 18
Critical Defect Sze (nm) 23 18 16 13 11 9
ChipSze(m?) [B] 140 140 140 140 140 140
Overall Bledtrical D (fautslmz) at Critical Defect Szeor Greater [C] 2210 2210 2210 2210 2210 2210
RandomDgp (fajts/mz) [D] 1395 1395 1395 1395 1395 1395
Nurmber of Mask Levels[ E] 35 35 35 37 39 39
Rendom FaultsMask 40 40 40 38 36 36
MPU Random Partides per Wefer pass(PVWP) Budget (da‘eds’mz) for Generic Tool Type Scaled to 54 nm Critical Defect Szeor Greater
CMP clean 3 | 29 |
CMP insulator 85 71
CMP metal 96 81
Coat/develop/bake 15 ‘
CVD insulator 76 63
CVD oxide mask 100
Dielectric track ‘ 20 ‘
Fumace CVD 43
Furnace fast ramp 39 33 9
Fumace oxide/anneal s | 2 | 6
Implant high current 34 8
Implant low/medium current 7
Inspect PLY 7
Inspect visual 8
Lithography cell 6
Lithography stepper 6
Measure CD 7
Measure film 6
Measure overlay 6
Metal CVD 11
Metal electroplate 6
Metal etch 24
Metal PVD 12
Plasma etch 22
Plasma strip 10
RTPCVD 7
RTP oxide/anneal
Test
Vapor phase clean
‘Wafer handling
‘Wet bench
Manufacturable solutionsexis, and arebeing optimized
Manufacturable solutionsareknown
Interimsolutionsareknown |4
Manufacturable solutionsare NOT known _
109a 109b

[AJORTC  la+lb
[BJORTC  lgtlh

[C] 75

[DJORTC  5a+5b (RDLY)83
[EJORTC  Sa+Sb
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(Yield Enhancement)

110a  VYidd Modd and Defect Budget DRAM Technology Reguirements—Near-term
Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp0 hp65
DRAM %2Pitch  (nm) 100 0 80 70 65 57 50
MPU/ASCY2Pitch (nm) 107 0 80 70 65 57 50
MPU Printed GateLength  (nm) 65 53 45 40 35 32 28
MPU Physical GateLength  (nm) 45 37 R 28 25 2 20
DRAM %2 Pitch (nm) [A] 100 90 80 70 65 57 50
Critical Defect Sze (nm) 50 45 40 35 33 29 25
ChipSz (rT'mz) B 139 110 82 122 97 131 104
Cdl Array Area (%) at Production[B] 63% 63% 63% 63% 63% 63% 63%
Non-coreArea () 51 41 30 45 36 49 39
Overall Electrical Do(faultslmz), at critical defect Szeor greater [C] 3288 4143 5568 3758 4735 3480 4385
Random Dy (faul ts’mz) [D] 2216 2791 3751 2532 3190 2345 2954
Number of Mask Levels[E] 24 24 24 24 24 24 24
Random FaultsMask 92 116 156 106 133 98 123
DRAM Random Partide per Wafer pass (PVWP) Budget (de‘e:ts/mz) for Generic Todl Type Scaled to 50 nm Critical Defect Szeor Grester
CMPclean| 1068 1068 1068 598 598
CMP insulator 827 827 827 463 463
CMPmetal | 1267 1267 1267 709 709
Coat/develop/bake 331 331 331 185 185
CVDinsulator | 916 916 916 513 513
CVDoxidemask | 1125 1125 1125 630 630
Dielectrictrack | 464 464 464 260 260
FumaceCVD| 633 633 633 355 355
Furnace fast ramp 597 597 597 334 334
Furnace oxide/anneal 477 477 477 267 267
Implant high current 555 555 555 311 311
Implant low/medium current | 529 529 529 296 296
InspectPLY | 724 724 724 405 405
Inspect visual 746 746 746 418 418
Lithography cell | 619 619 619 347 347
Lithography stepper | 412 412 412 231 231
Measure CD 618 618 618 346 346
Measure film | 582 582 582 326 326
Measure overlay 566 566 566 317 317
Metal CVD | 583 583 583 326 326
Metal electroplate | 443 443 443 248 248
Metaletch| 1072 1072 1072 600 600
Metal PVD| 639 639 639 358 358
Plasmaetch| 1136 1136 1136 636 636
Plasma strip 872 872 872 488 488
RTPCVD 570 570 570 319 319
RTP oxide/anneal 417 417 417 233 233
Test 81 81 81 46 46
Vapor phaseclean | 1206 1206 1206 675 675
Wafer handling 34 34 34 19 19
Wetbench| 864 864 864 484 484
110a 110b
[AJORTC latlb
[BJORTC  1ct+ld
[CIORTC  5at+5b RDLY 89.5%
[D]JORTC  5atSb RDLY 89.5%
[EJORTC  5at5Sb
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8 (Yield Enhancement)

110b  Yield Model and Defect Budget DRAM Technology Requirements—I ong-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22
DRAM %2Pitch  (nm) 45 3H 32 25 2 18
MPU/ASC*2Pitch  (nm) 45 35 32 25 2 18
MPU Printed GateLength  (nm) 25 2 18 14 13 10
MPU Physical GateLength  (nm) 18 14 13 10 9 7
DRAM ¥2Pitch (nm) [A] 45 35 32 25 22 18
Critical Defect 9z (nm) 23 18 16 13 11 9
ChipSze (m'nz) [B] 83 104 83 104 138 87
Cdl Array Area (%) at Production[B] 63% 63% 63% 63% 63% 63%
Non-coreArea (M) 31 39 31 39 51 2
Q@dl Blectri caI o (fauts/mz) 5524 4385 5524 4385 3315 5261
at critical defect Szeor greater [C]
Random D (faul ts’mz) [D] 3722 2954 3722 2954 2233 3545
#MakLeds[E] 26 26 26 26 26 26
Random FaultsMask 143 114 143 114 86 136
DRAM RandomParticle per Wafer pass (PWP) Budget (de‘ezislmz) for Generic Tool Type Scaled to S0nmCritical Defect Szeor Grester
CMP clean
CMP insulator
CMP metal
Coat/develop/bake
CVD insulator
CVD oxide mask
Dielectric track
Fumace CVD
Furnace fast ramp
Furnace oxide/anneal
Implant high current
Implant low/medium current
Inspect PLY
Inspect visual
Lithography cell
Lithography stepper
Measure CD
Measure film
Measure overlay
Metal CVD
Metal electroplate
Metal etch
Metal PVD
Plasma etch
Plasma strip
RTPCVD
RTP oxide/anneal
Test
Vapor phase clean
Wafer handling
Wet bench

Manufacturable solutionsexist, and are being optimized
Manufacturable solutionsareknown
Interimsolutionsareknown |4
Manufacturalesolutionsare NOT known _
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9 (Yield Enhancement)

109 110
30 164
International SEMATECH 11 Defect Target Calculator
MPU | DRAM | User Input
ITRS g/:grg::rr:; Critical Defect 535 50 535
Wright \R{’and(;m Defect Limited | o000 | aoeos | 83.0%
Williams ~ Kelly teld (%)
Chip Size (mmz) 140 139 140
Number of Mask Levels 29 24 29
| o [l/eoga' (Logic) Chip | Na | 37.00 | 1000%
Random Dy (faultsim?) 1395 | 2216 1395 | 1395
Random Faults/Mask 48 92 48 48
111 User Targets
MPU DRAM
CMP clean 397 1068 397 637
CMP insulator 961 827 961 493
CMP metal | 1086 | 1267 1086 756
Coat/develop/bake 174 331 174 197
CVD insulator 854 916 854 547
ITRS CVDoxidemask | 1124 | 1125 1124 671
1 Dielectric track | 273 464 273 277
PC FurnaceCVD | 487 633 487 378
Furnace fast ramp 441 597 441 356
Furnace oxide/anneal 285 477 285 285
Implant high current 381 555 381 331
Implant Iow/n::i?:lénmt 348 509 348 316
Inspect PLY 355 724 355 432
Inspect visual 380 746 380 445
Lithography cell 294 619 294 369
Lithography stepper | 279 412 279 246
MeasureCD | 332 618 332 369
Measure film 285 582 285 347
Measure overlay 264 566 264 338
Metal CVD | 519 583 519 348
1/2 nm
Metal electroplate 268 443 268 264
Metal etch | 1153 | 1072 1153 640
Metal PVD | 591 639 591 381
Plasmaetch | 1049 | 1136 1049 677
Plasmastrip | 485 872 485 520
RTPCVD | 317 570 317 340
RTP oxidefanneal 208 417 208 249
Test 81 81 81 49
mm?2 Vapor phase clean 729 1206 729 719
Wafer handling 33 34 33 20
Wet bench 474 864 474 515

DRAM

! Devdloped by Darren Dance, Wright, Williams, and Kelly. 1999,
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10 (Yield Enhancement)

112 CMP Chemical Mechanical Polishing:
3
112 C
High Aspect Ratio Inspection
VIA
112 1
0.3
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CoO Cost of Ownership

CoO

112
PSL

11 (Yield Enhancement)

CMP

CoO

SEM
SEM
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12 (Yield Enhancement)
112a  Defect Detection Technology Reguirements—Near-term

Year of Produdtion 2003 2004 2005 2006 2007 2008 2009 Driver
Technology Node hp0 hpes

DRAM ¥3Pitch  (nm) 100 PO 80 70 65 57 50
MPU/ASC¥Pitch (nm) 107 P 80 70 65 57 50

MPU Printed GateLength  (nm) 65 53 45 40 35 R 28

MPU Physical GateLength () 45 37 £ 28 % 2 2

Patterned Wafer Inspection, P Spheres* at 90% Capture, Equivalent Sersitvity () [A, B

Process R&D at 300 cm/hr (1200 mm wafer’/hr) 50 35
Yield ramp at 1200 cm’/hr (4200 mm wafer”/hr) 80

Volume production at 3000 cm’hr 100

(10200 mm wafer’/hr)

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

Wafer edge exclusion (mm) 2

Cost of ownership ($/cm2) 0.055

Sensitivity without speed requirement

Process verification at 300 cmz/hr
(1200 mm wafer’”/hr)

Volume manufacturing at 1200 cmz/hr
(4 “200 mm wafer ”hr)

& 100

CoO HARI ($/cm’)

& 066

Unpatterned, P Sheresat 90% Capture, Equivalent Sensitivity (nm) [F, G]

Metal film 80

Bare silicon and non-metal film 50 325 285

Wafer backside (defect size, nm) [H] 100 65 57 50

CoO (Sl 00017

Wafer edge exclusion (mm) 3 2 2 2

Defect Review (Patterned Weafer)

Resolution (nm) * [1] 25 23 20 18 16 14 13 sggi)\(/i?yanpzrllj
Coordinate accuracy (um) at resolution [J] 1 1 1 1 1 1 1

Automatic Defect Classification at Defect Review Platform* [K]

Redetection: minimum defect size (nm) 40 04xDR
Number of defect types [L] 410

Speed (defects/hours) 512

Speed w/elemental (defects/hours) €275

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

*PY_—polystyrenelatex (3oheresutilized to Smulate defects of known Sze during Szing calibration)

Manufacturable solutionsexist, and arebeing optimized

Manufacturable solutionsare NOT known

Manufacturable solutionsareknown
Interimsolutionsareknoawn

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



13 (Yield Enhancement)

112b  Defect Detection Technology Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018 Driver
Technology Node hp45 hp32 hp22

DRAM ¥2Pitch  (nm) 5 3% R % 2 18

MPU/ASC Y2Pitch  (nm) %5 * R % 2 18

MPU Printed GateLength  (nm) % 20 18 14 13 10

MPU Physical GateLength  (nm) 18 14 13 10 9 7

Patterned Wafer Ingpection, P Spheres* at 90% Capture, Equivalent Sngtivity (hm) [A, B]

Process R&D at 300 01n2/hr (1200 mm wafer’*hr) 05xDR
Yield ramp at 1200 cm’/hr (4 200 mm watfer”/hr) 08xDR
Volume production at 3000 cm’/hr (10 “200 mm wafer’7hr) 10xDR
Tool matching (% variation tool to tool)[C]
Edge exclusion (mm)
Cost of Ownership ($/cm2) 0.055 0.055 0.055 0.055 0.055 0.055
High Aspect Ratio Feature Ingpection: Defects other than Residue, Equivalent Sensitivity in P Diameter (nm) at 90% Capture Rate*[ D, E]
Sensitivity without speed requirement 10xDR
Process verification at 300 cm/hr (1 “200 mm wafer /hr) 10xDR
‘Volume manufacturing at 1200 cmz/hr (4200 mm wafer’”/hr) 10xDR
CoO HARI (§/cm?) 0.66 066
Unpatterned, P Spheresat 90% Capture, Equivalent Sengtivity (nm) [F, G
Metal film 28 25.6 20 d . 08xDR
Bare silicon and non-metal films 225 175 16 125 05xDR
Wafer backside  (defect size nm) [H] 45 85 32 25 22 ‘ 18 10xDR
ot
Wafer edge exclusion (mm) 2 2 2 2 2 2
Defect Review (Patterned Wefer)
Resolution (nm) [T 1125 0875 sggsn’\;‘t’yag%
Coordinate accuracy (um) at resolution [J]
Autometic Defect Clasification [ K]
Re-detection minimum defect size (nm) 04xDR
Number of defect types [L]
Speed (defects/hour)
Speed w/elemental (defect/hour)
Number of defect types (inline ADC) [M]
*PY_—polystyrenelatex (3oheres utilized to Smulate defects of known Sze during Szing calibration)
Manufacturable solutionsexis, and arebeing optimized
Manufacturable solutionsareknown
Interimsolutionsareknown |4
ManufacturablesoltionsareNOT known [N
112a  112b
[A] 300cm’/
1200cm’/ 3,000cm?”/
3
200mm 300mm 200mm
0435 3000cm’/ 10 200mm 43 300mm
[B] (nuisance) 5%
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[C]

SEM

DR

113

SiGe

(Yield Enhancement)

30
(High Aspect Ratio) 15:1
/
1.0x 1
( ) 200mm
200mm 0435
5
COP: Crystal Originated Pit
0.8xDR
0.5xDR
0.8xDR Design Rule
0.5%xDR Design Rule
TWG
x0.05
SEM ADC
5000 1 FEOL
/ 100%ADC
Repeatability 95% Accuracy  85%
Repeatability 95% Accuracy  80%
300mm
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10

0.3x

300mm

200 300mm
Haze:

Puity 80%
Purity  80%

low-k, high-k, etc.
SOI



15 (Yield Enhancement)

Si i
Ytotalfi
Yool i = (Yiine) * (Ybateh i) 1)
1 Y]jne
Yiatch i
i
2
Ybatchfi = (Ysysii) * Wrandomﬁi) )
Ysysfi Ymndomfi
Ymndomfi
Ymndomfi
time to market

300mm

2 Sefor example C. Weber, D. Jensenand E. D. Hirleman, * What drives defect detection technology?” Micro, June 1998, pp. 51-72.; C. Weber, “ Yidd
Learning and the Sources of Prdfitability in Semiconductor Manufacturing and Process Devdopment,” Proc. IEEE/SEMI/ASMC, Boston, Mass, May 1,
2002, pp. 324-329.
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16 (Yield Enhancement)

300mm
300mm
300mm
300mm
300mm “
300mm
300mm
300mm
300mm
300mm
300mm
300mm

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003

300mm

150mm

3 FOUP

300mm
200mm

Low-k

200mm



300mm

113

ADC FDC

17 (Yield Enhancement)

GUIs

300mm

IDM Integrated Data Management
IDM

IDM

IDM
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18 (Yield Enhancement)

ADC Automatic Defect Classification SSA Spacial Signature Analysis

Vigble Defects

Non-visual Defects

Parametric Defects
SMLY or Ys

parametric variation

Electrical Faults

113
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19 (Yield Enhancement)

Data Management System

IDM

SPC Statistical Process Control

(DMS Data Management System)

DMS DMS

DMS In-situ

DMS

1E9 1 1

“ (defect data volume)”

“ (data volume trend)”

Yield Learning During Ramp ”

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:
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20 (Yield Enhancement)

113a  Yidd Learning Technology Reguirements—Near-term

Year of Production 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
Technology Node hp0 hpe5

DRAM %2Pitch  (nm) 100 0 80 70 65 57 50
MPU/ASC¥%2Pitch  (nm) 107 0 80 70 65 57 50
MPU Printed GateLength  (nm) 65 53 45 40 3H 32 2
MPU Physical GateLength  (nm) 45 37 32 28 5 2 20
Wafer Sze(mm) 300 300 300 300 300 300 300
Number of MaskLevels 29 31 33 33 33 35 35
Nurmber of Processing Sieps 516 530 543 556 570 583 596
Cyde Time During Ranp (nunber of days) 435 | 465 | 495 | 495 | 495 | 525 | 525
Defect/Fault Sourcing Corplexity [A] [G]

Logic transistor density/em” (1E6) 61 | 77 | 97 | 122 | 154 | 194 | 245
Defect sourcing complexity factor (1E9) [B] 31 41 53 68 88 113 146
Defect sourcing complexity trend [C] 1 1 2 2 3 4 5
Data Analyssfor Rapid Defect/Fault Sourcing

Patterned wafer inspection sensitivity (nm) during yield ramp 80 72 64 56 52 46 40 ‘
Average number of inspections/wafer during full flow 2.9 31 33 3.5
Defect data volume (DV) (number of data items/wafer) (1E13) [D] 47 7.2 9.7 127 146 187 216
Defect data volume (DV) trend [E] 1.0 15 21

Yield Learning During Ranmp from 30%to 80% Sort Yidd [ F]

Number of yield leaming cycles/year based on full flow cycle time 84 7.8 74 74 74 7.0 7.0
Required yield improvement rate per learning cycle 6.0 6.4 6.8 6.8 6.8 72 72
Time to identify and fix new defect/fault source during ramp 43.5 46.5 49.5 49.5 49.5 52.5 52.5
Number of leaming cycles/year for 4 defect/fault source/year [I] 44
Required yield improvement rate/leaming cycle for 4 defect/fault sources/year [I] 114

Manufacturable solutionsexist, and arebeing optimized
Manufacturable solutionsareknown
Interimsolutionsareknoan  |[@

Manufacturable solutionsare NOT known _

113a  113b
[A] Defect/fault sourcing
[B] Defect sourcing complexity factor = ( #lem®)x (# )
[C] Defect sourcing complexity trend 100 nm
[D] Defect data volume = (# X )

10

[E]DVtrend 100 nm
[F] 1.5
[G]
. 30% 80% )
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21 (Yield Enhancement)

113b  Yidd Learning Technology Requirements—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM %2Pitch  (nm) 45 35 32 25 2 18
MPU/ASC¥2Pitch  (nm) 45 3H 3R ) 2 18
MPU Printed GateLength  (nm) 5 20 18 14 13

MPU Physical GateLength  (nm) 18 14 13 10 9

Wafer Sz2(mm) 450 450 450 450 450 450
Number of MaskLevels 35 35 35 37 39 39
Number of Processing Seps 610 636 650 676 690 716
Cydetime During Ramp (nurmber of days) 525 525 525 555 585 585
Defect/Fault Sourcing Complexity [A] [G]

Logic transistor density/cm2 (1E6) 309 490 617 980 1235 1960
Defect sourcing complexity factor (1E9) [B] 188 312 401 662 852 1403
Defect sourcing complexity trend [C] 6 10 13 21 27 45
Data Analysisfor Rapid Defect/Fault Sourcing

Patterned wafer inspection sensitivity (nm) during yield ramp 36 TBD 26 TBD 17.6 TBD
Average number of inspectionswatfer during full flow
Number of data items/wafer (1E13) [D] 60.4 TBD 135.6

Defect data volume (DV) trend [E] ! 12.9 TBD

Yield Learning During Ramp from 30%to0 80% Sort Yidd [ F]

Number of yield leaming cycles/year based on full flow cycle time 7.0 TBD 7.0 TBD 6.2 TBD
Required yield improvement rate per learning cycle 72 TBD 72 TBD 8.0 TBD
Time to identify and fix new defect/fault source during ramp 52.5 TBD 52.5 TBD 585 TBD
Number of leaming cycles/year for 4 defect/fault sources/year [I] 30 TBD 30 TBD 22 TBD
Required yield improvement rate/leaming cycle for 4 defect/fault sources/year [I] 16.9 TBD 16.9 TBD 223 TBD

Manufacturable solutionsexis, and arebeing optimized
Manufacturable solutionsare known
Interimsolutionsareknown |4
Manufacturalesolutionsare NOT known _

Wafer Environmental Contamination Contr ol
114

Cu

FOUPs Front Opening
Unified Pods FOUPs

(WECC

AMC Airborne Molecular Contamination —
AMC 2

HEPA High Efficiency Particulate Air DUV
Deep Ultraviolet
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22 (Yield Enhancement)

ppt
SAW Scanning Acoustic Wave APIMS Atmospheric Pressure Ionization Mass Spectroscopy
FOUPs
— CMP CVD high low-k
X3 X 2
UPW Ultra Pure Water — 25 182 MQ
TOC Total Organic Carbon
1ppb
114 2003
2003
POD Point of Distribution POC Point of
Connection POU Point of Use
2003
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23 (Yield Enhancement)

30nm
30nm
76
Parameter Measured (POD/POC) Test Method
Resistivity Online Electric cell
Viable bacteria Lab Incubation
TOC Online Resistivity / CO,
Reactive silica Online or lab Colormetric
Dissolved N, Online Electric cell
Total silica Lab ICP/MS or GFAA
Particle monitoring Online Light scatter
Particle count Lab SEM—capture filter at various pore sizes
Cations, anions, metals Lab lon chromatography, ICP/IMS
Dissolved O Online Electric cell
General Test Methodology for Ultrapure Water
— 2003
ITRS
THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



24 (Yield Enhancement)

— 1l4a 114b
2016
65nm
CMP
— 2003 114
45nm THC; Total
Hydrocarbons: 2ppm
GC-FID(Gas Chromatograph — Flame Ionization Detector) FID
C-H FID GC
CH FID
FID THC THC
NMHC;Non-Methane Hydrocarbons
FID GC
GC FID
NMHC CH,4 FID NMHC
NMHC
C6'C30
TD GC/MS
APIMS
CH4'
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100ppb
10ppt APIMS

2003

CMP

SPC

25 (Yield Enhancement)

FID THC

CO,

2003

CVD Cu,Ta
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26 (Yield Enhancement)

14a  Technology Requirementsfor WWafer Environmental Contarmination Control—Near-term

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hpo0 hp65
DRAM %Pitch (nm) 100 0 80 70 65 57 50
MPU/ASCY2Pitch (nm) 107 0 80 70 65 57 50
MPU Printed GateLength ~ (nm) 65 53 45 20 5 2 28
MPU Physical GateLength () 45 3 2 28 % 2 20
Wafer Environment Control
Criical particle size (nm) [A] 50 45 40 35 33 29 25
Number of particles > critical size (i) [B] ISOCL2 | ISOCL2 | ISOCL2 | ISOCL2 | ISOCL2 | ISOCL2 | ISOCL2
Airborne Molecuiar Contaminantsin gasphase (pptM)) [C] [H] [R
Lithography—bases (as amine, amide, and NHz) 750 750 750 <750 <750 <750 <750
Gate—metals (as Cu, E=2x10 ) [I] 015 01 01
rganic:

(C:mﬁlar \J:eightz 0250, E=1x10 ) [D] 8 0 60 60 0 %0 0
zr;g:;{u;s) S:j:lfz: weight > to C7H ) normalized to hexadecane 5000 4500 4000 3500 3000 3000 <2500
Salicidation contact —acids (as Cl-, E=1x10") 10 10 10 <10 <10 <10 <10
Salicidation contact—bases (as NHz, E=1x 104’) 12 10 8 4 <4 <4 <4
Dopants [E] <10 <10 <10 <10 <10 <10 <10
AirborneMolecular Contaminants, Surface Deposition Limits (for 3 Wiitness Wafer, 24-hour Exposureto Clased FOUP,
Pod, Mini-environment or Air)
SMC organics on wafers, ASTM 1982-99, ng/cm2 [0] 4 2 2 2 2 2 2
giﬂ;inifuzz ﬁ;ﬁmﬂf&ﬁ? addedto <2E12 <2E12 <2E12 1E+12 1E+12 1E+12 1E+12
Z:;t::rif [rg“ﬁs(;]% bare S tolal metals added o witness wafer, <2E10 | <2E10 | <2E10 | <2E10 | <2E10 | <2E10 | <IE10
ProcessCritical Materials  [H]
Citical particle size (nm) [A] | 50 45 w0 | 3 33 29 25

SMC—aurfacemolecular condenssble

Manufacturable solutionsexist, and are being optimized
Manufacturable solutionsare known
Interimsolutionsareknown
Manufacturable solutionsare NOT knoan
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27 (Yield Enhancement)

14a Technology Requirementsfor Wafer Environmental Contamination Control—Near-term (continued)

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp65

DRAM ¥2Pitch  (nm) 100 0 80 70 65 57 50
MPU/ASC¥2Pitch  (nm) 107 0 80 70 65 57 50
MPU Printed GateLength  (nm) 65 53 45 40 ) 32 28
MPU Physical GateLength  (nm) 45 37 32 28 5 2 20
Ultrapure Water [N]

Resistivity at 25 °C (MOhm-cm) 182 182 182 182 182 182 182
Total oxidizable carbon (ppb) <1 <1 <1 <1 <1 <1 <1
Bacteria (CFU/liter) <1 <1 <1 <1 <1 <1 <1
Total silica (ppb) as SiO; 1 1 0.75 0.75 05 05 05
Reactive silica (ppb) as SiO 05 05 05 05 05 05 05
Number of particles > critical size (/ml) [A] <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Dissolved oxygen (ppb) (contaminant based) [S] 3 3 3 3 3 3 3
gﬁ;::igﬁgg;?g +20 | 20 | #20 | 20 | +20 | +20 | +20
Dissolved nitrogen (ppm) [K] 8-12 8-12 8-12 8-12 8-12 8-12 812
Critical metals (ppt, each) [G] 1 1 1 <0.5 <05 <05 <05
Critical anions (ppt each) [G] 50 50 50 50 50 50 50
Boron (ppt, each) [N] 50 50 50 50 50 50 50
Temperature stability (°C) +-1 +-1 +-1 +-1 +-1 +-1 +-1
Liquid Chemicals[F]

49% HF, 37% HCl:

number of particles > critical size (ml) [A] [L] - - <10 <10 <10 <10 <10

30% Hy0,,29% NH40OH, 100% IPA: number of particles > critical size <1000 <1000 <1000 <1000 <1000 <1000 <1000

(mD[A][L]
49% HF, 30% H,0,, 29% NH4OH, 100% IPA: Na, K, Fe, Ni, Cu, Cr, <150 <150 <150 <150 <150 <150 <150
Co, Pt, Ca, AL, Zn (ppt, each)

0 0 )
:ﬁ g"ﬁl}g;jgg]‘ﬁé%; éz ﬁ Ir\]o};,“e?blj"; (()I?;f Eth') <500 <500 <500 <500 <500 <500 <500
49% HE: total oxidizable carbon (ppb) — TBD TBD TBD TBD TBD TBD
29% NH4OH: total oxidizable carbon (ppb) — TBD TBD TBD TBD TBD TBD
37% HCI: total oxidizable carbon (ppb) — TBD TBD TBD TBD TBD TBD
30% H,05: total oxidizable carbon (ppb) — TBD TBD TBD TBD TBD TBD
37% HCl, 96% H,SO4: K, Ni, Cu, Cr, Co, Pt (ppt) <1000 <1000 <1000 <1000 <1000 <1000 <1000
37% HCI, 96% H,SOy: other cations and metals (ppt) <10000 <10000 | <10000 | <10000 <10000 | <10000 | <10000

Manufacturable solutionsexis, and arebeing optimized
Manufacturable solutionsareknown
Interimsolutionsareknown |4

Manufacturale solutionsare NOT known _
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28 (Yield Enhancement)

14a Technology Requirementsfor Wafer Environmental Contamination Control—Near-term (continued)

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp0 hpe5
DRAM ¥2Pitch  (nm) 100 0 80 70 65 57 50
MPU/ASC¥2Pitch  (nm) 107 20 80 70 65 57 50
MPU Printed GateLength  (nm) 65 53 45 40 3B 32 28
MPU Physical GateLength  (nm) 45 37 32 28 25 2 20
Liquid Chemicals[F]
BEOL solvents, strippers K, Li, Na, (ppt, each) <10000 <10000 | <10000 <10000 <10000 | <10000 | <10000
Planar slurries: scratching particles (/ml > key particle size) [J] [T] — TBD TBD TBD TBD TBD TBD
Planar rinse chemicals: particles>critical size (/ml) [A] [L] [T] — TBD TBD TBD TBD TBD TBD
Planar rinse chemicals: elements TBD (ppt, each) [T] — TBD TBD TBD TBD TBD TBD
Plating chemicals: particles > critical size (/ml) [A] [L] [T] — TBD TBD TBD TBD TBD TBD
ILD CVD Precursors(eg., TEOS
Metals (ppb) <1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
HyO (ppmV) <10 <5 <5 <5 <1 <1 <1
Bulk Gases (Contarminants, ppbv)
N, (04, Hy H)0, CO, CO,, THC) <5 <5 <5 <5 <5 <5 <5
0, (N,Xs, ArXs, Hy, H,0, CO, CO,, THC) [U] <10 <10 <10 <10 <10 <10 <10
Ar (N, Oz, Hp, HyO, CO, CO,, THC) <5 <5 <5 <5 <5 <5 <5
Hy (N2Xs, Op, ArXs, H,0, CO, CO,, THC) [U] <10 <10 <10 <10 <10 <10 <10
He (N, O», Hy, HyO, CO, CO, THC) <10 <10 <10 <10 <10 <10 <10
CO, (N2, Hy0, O, THC) <1000 <1000 <1000 <1000 <1000 <1000 <1000
%%wéﬁ?g)fég :ifnﬁlﬁo.os) <100 <100 | <100 <100 <100 <100 <100
Lithograph e for 193 nm
() ang:iall—)lz}(l)p)L(ulgO()O, CO, CO,, THC) <t < < - - = -
Lithography purge for 157nm  (CO, CO,, THC) N/A N/A N/A <0.01 <0.01 <0.01 <0.01
Lithography purge for 157 nm (O,, H,0) N/A N/A N/A <1000 <1000 <1000 <1000
Number of particles > critical size (/M) [A] <100 <100 <100 <100 <100 <100 <100
Manufacturable solutionsexis, and arebeing optimized
Manufacturable solutionsareknown
Interimsolutionsareknown |4

Manufacturable solutionsare NOT known _

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



29

(Yield Enhancement)

114a Technology Requirementsfor Wafer Environmental Contarmination Control—Near-term (continued)

Year of Production 2003 2004 2005 2006 2007 2008 2009
Technology Node hp90 hp6b
DRAM %2Pitch  (nm) 100 0 8 70 65 57 50
MPU/ASCY2Pitch (nm) 107 R0 80 70 65 57 50
MPU Prirted GateLength ~ (nim) 65 53 5 0 'S ) 28
MPU Physical GateLength  (nm) a5 37 k) 28 . 2 20
Spedialty Gases
Etchants(Corrosive, eg., BCl3, Cly)
Oy, HyO (ppbv) <1000 <1000 <1000 <500 <500 <500 <100
Critical specified metals/total metals (ppbw) [V] <10/1000 | <10/1000 | <10/1000 | <10/1000 | <10/1000 | <UTBD | <L/TBD
Etchants (Non-corrosive, eg., CoFg, NF3)
0o, Hy0 (ppbv) ‘ <1000 | <1000 | <1000 | <1000 ‘ <1000 ‘ <1000 ‘ <1000
Depadtion  (eg., SHa, NH3, (CH3)39H)
0y, HyO (ppbv) <1000 <1000 <1000 <1000 <1000 <1000 | <1000
Critical specified metals/total metals (ppbw) [V] <10/1000 | <10/1000 | <10/1000 | <10/1000 | <10/1000 | <UTBD | <U/TBD
Doparts  (eg., AsHz, PH3, GeHyg)
0, HyO (ppbv) ‘ <1000 | <1000 | <1000 | <500 ‘ <500 ‘ <500 ‘ <100
Inerts—Oxide/Photoresst Etchants/Srippers
Inerts (O, HyO, ppbv) <1000 <1000 <1000 <1000 <1000 <1000 <1000
He, H; cylinder carrier/purge gases (N», HyO, ppbv) <100 <100 <100 <100 <100 <100 <100
Manufacturable solutionsexis, and arebeing optimized
Manufacturable solutionsareknown
Interimsolutionsareknoan |4
Manufacturale solutionsare NOT known _
114a 114b
[A] 12
90nm
KX)ZK*X-ZZ 6 7
[B] ISO 14644-1 8
[C] 60
S=E*(N*V/4) S (molecules/second/cm®) E (0 1 ) N
(molecules/em’) V (cm/second)
(D] 250
[E]P, B, As, Sb

6 Cooper, D. W, “ Comparing Three Environmental Particle Sze Didributions’, Journal of the IES JarvFeb 1991, pages 21-24.

7 Pui, D. Y. H. and Liu, B. Y. H., “ Advancesin Indrumentation for Atmospheric Aerosol Measurement” , TS Journal of Partide Insrumentation, Val. 4,

Nurmber 2, Jul-Dec 1989, pages 3-2.

8 190 14644-1 Cleanrooms and Associated Controlled Environments—Part 1; Classification of Air Cleanliness
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30 (Yield Enhancement)
[F] POC POU
[G] Ca, Co, Cu, Cr, Fe, Mo, Mn, Na, Ni, W
Ippt
Ippt
Ca Fe, Ni atoms/cm2 3
10ppt
0.5ppt 2 10ppt
1.0 0.5ppt
[H 114 ppb ppm  ppt ppb
10 ppb
(1]
[J]
(K]
[L] 2003 0.065 pm
M] POC POU
POU
PFA(Perfluoro Alkoxyalkane)
Surface Preparation)
[N]
DRAM
[O] 24 TD-GC-MS (Thermal
Desorption — Gas Chromatograph — Mass Spectrometry) TIC(Total
Ion Chromatogram) ASTM 1952-99°
DOP(Dioctyl Phthalate)

SiN

9 ASTM 1982-99***itation to be updated
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31 (Yield Enhancement)

[P] HF(Hydorofluoric Acid) 24

FEP
HF BOE(Buffered
Oxide Etchants)
(BEP;Back-end processes) FEP

[Q]ITRS FEP Si 1E10 atoms/cm’ 24
VPD-ICP-MS (Vapor Phase Decomposition — Inductively Coupled Plasma — Mass Spectrometry)  VPD-GFAA (Vapor Phase
Decomposition — Graphite Furnace Absorption Spectrometry) FEP
BEP  FEP
2 24
[R] 24
SMC Surface Molecular Contamination
SMC
[S] DO; Dissolved Oxygen
DO

[T]
[UJAr N, 5 X 5
[V] ( .AlL Ca, Cu, Fe, Mg, Ni, K, Si, Na)

[G]

( .Fe,Ni, Co, P)

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003



32 (Yield Enhancement)
114b  Technology Requirementsfor Wafer Environmental Contamination Control—Long-term

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hpd5 hp32 hp22
DRAM %2Pitch  (nm) 45 'S R b3 2 18
MPU/ASCYzPitch () %5 5 R ps 2 18
MPU Printed GateLength  (nm) 25 20 18 14 13 10
MPU Physical GateLength  (nm) 18 14 13 10 9 7
Wafer Environment Cortrol
Critical particle size (nm) [A] 23 18 16 13 11 9
Number of particles > critical size (/m) [B] ISOCL1 | ISOCL1 | ISOCL1 | ISOCL1 | ISOCL1 ISOCL1
AirborneMolecular Contanminantsin gasphase (ppt) [C] [1] [S
Lithography—bases (as amine, amide, and NHz) <250 <250 <250 <250 <250 <250

Gate—metals (as Cu, E=22x10 ) 1]

Gate—organics ~(as molecular weight>250, E=1x10"° [D] 40 40 30 30 20 20

Organics (molecular weight > C7H¢) normalized to hexadecane <2500 <2500 <2500 <2500 <2500 <2500

(Ci6H34) equivalent

Salicidation contact—acids (as CI, E=1x10") <10 <10 <10 <10 <10 <10

Salicidation contact—bases (as NHz, E=1x 10£) <4 <4 <4 <4 <4 <4

Dopants (P or B) [E] <10 <10 <10 <10 <10 <10

Airborne Molecular Contaminants, Surface Deposition Limits (for 9 Witness Watfer, 24-hour Exposureto Clased FOUP,

Pod, Mini-environment, or Air)

SMC organics on wafers, ASTM 1982-99, ng/c::m2 [P] 1 1 1 1 1 1

fvff‘;f:sm]bg Sitoal dopants added to 24 hourwitness | ) 0 15 | 1 00E+12 | 100E+12 | 100E+12 | 100E+12 | 100E+12

Zf;;:rj}’ms’msk totel metels o to witness wate, <100E+10 | <LOOE+10 | <1OOE+10 | <LOOE+10 | <LOOE+10 | <1.00E+10

ProcessCritical Materials

Critical particle size (nm) [A] 23 18 16 13 11 9

UltrapureWater [N]

Resistivity at 25 °C (MOhm-cm) 182 182 18.2 18.2 18.2 182

Total oxidizable carbon (ppb)

Bacteria (CFU/liter)

Total silica (ppb) as SiO»

Reactive silica (ppb) as SiOy

Number of particles > critical size (/ml) } } }

Dissolved oxygen (ppb) (contaminant based) [T] 3 3 3 3 3 3

Dissolved oxygen (%ovalue) (process variable based) [T] +-10 +-10 +-10 +-10 +-10 +-10

Dissolved nitrogen (ppm) [L] 812 812 8-12 8-12 8-12 8-12

Critical metals (ppt, cach) [G] <05 <05 <05 <05 <05 <05

Critical anions (ppt each) [G] 50 50 50 50 50 50

Boron (ppt, each) [O] 50 50 50 50 50 50

Temperature Stability (°C) +H-1 +-1 +-1 +-1 +-1 +-1
MC—surface molecular condensable

Manufacturable solutionsexis, and arebeing optimized
Manufacturable solutionsareknown
Interimsolutionsare known
Manufacturable solutionsare NOT known
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33 (Yield Enhancement)

114b  Technology Requirementsfor Wafer Environmental Contarmination Control—Long-term (continued)

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hp45 hp32 hp22

DRAM %2Pitch  (nm) 45 35 32 25 2 18
MPU/ASC*2Pitch  (nm) 45 35 32 25 2 18
MPU Printed GateLength  (nm) 25 20 18 14 13 10
MPU Physical GateLength  (nm) 18 14 13 10 9 7
Liquid Chemicals[F]

49% HF, 37% HCI: number of particles > critical size (/ml) [A] [M] <10 <10 <10 <10 <10 <10
3@@ Hy0,,29% NH4OH, 100% IPA: number of particles > critical <1000 <1000 <1000 <1000 <1000 <1000
size (/ml) [A] [M]

49% HF, 30% Hy0,, 29% NH4OH, 100% IPA: Na, K, Fe, Ni, Cu, Cr, <150 <150 <150 <150 <150 <150
Co, Pt, Ca, Al, Zn (ppt, each)

4%9% HF, 30% H,0,,29% NH4OH, 100% IPA: all other metals not <500 <500 <500 <500 <500 <500
listed in row above (ppt, each)

49% HF: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD
29% NH4OH: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD
37% HCI: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD
30% Hy0,: total oxidizable carbon (ppb) TBD TBD TBD TBD TBD TBD
37% HCI, 96% H,SO4: K, Ni, Cu, Cr, Co, Pt (ppt) <1000 <1000 <1000 <1000 <1000 <1000
37% HCl, 96% H,SO4: other cations and metals (ppt) <10000 <10000 <10000 <10000 <10000 <10000
BEOL solvents, strippers K, Li, Na, (ppt, each) <10000 <10000 <10000 <10000 <10000 <10000
Planar slurries: scratching particles (/ml > key particle size) [K] [U] TBD TBD TBD TBD TBD TBD
Planar rinse chemicals: particles > critical size (/ml) [A] [M] [U] TBD TBD TBD TBD TBD TBD
Planar rinse chemicals: elements TBD (ppt, each) [U] TBD TBD TBD TBD TBD TBD
Plating chemicals: particles > critical size (/ml) [A] [M] [U] TBD TBD TBD TBD TBD TBD
ILD CVD Precursors(eg., TEOS

Metals (ppb) <0.1 <0.1 <0.1 <0.1 <0.1 <01
H,O (ppmV) <1 <1 <1 <1 <1 <1
Bulk Gases (Contarminants, pphbv)

N> (0,, Hy HyO, CO,, THC) <1 <1 <1 <1 <1 <1
05 (N2Xs, ArXs, Hy, H,0, CO, CO,, THC) [V] <5 <5 <5 <5 <5 <5
Ar (N, Oy, Hy, H,0O, CO, CO,, THC) <1 <1 <1 <1l <1 <1
Hy (N2, Oy, Ar, HyO, CO, CO,, THC) <5 <5 <5 <5 <5 <5
He (N»Xs, Oy, ArXs, Hy, HyO, CO, CO,, THC) [V] <5 <5 <5 <5 <5 <5

Manufacturable solutionsexis, and arebeing optimized
Manufacturable solutionsareknown
Interimsolutionsareknoan |4

Manufacturale solutionsare NOT known _
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114b  Technology Requirementsfor Wafer Environmental Contarmination Control—Long-term (continued)

Year of Production 2010 2012 2013 2015 2016 2018
Technology Node hpa5 hp32 hp22
DRAM %2Pitch  (nm) 45 35 32 %5 2 18
MPU/ASC¥2Pitch  (nm) 45 35 32 %5 2 18
MPU Printed GateLength  (nm) %5 20 18 14 13 10
MPU Physical GateLength  (nm) 18 14 13 10 9 7
Bulk Gases (Contarminants, ppbv)
CO, (N2, Hy0, O0,, THC) <1000 <1000 <1000 <1000 <1000 <1000
Cn'Fical clean dry air (e.g., lithography) (H,O, THC) (SOx, NOx, <100 <100 <100 <100 <100 <100
amines all X0.05)
Lithography purge for 193 nm (O, and HO X1000, CO, CO,, THC) <1 <1 <1 <1 <1 <1
Lithography purge for 157 nm (CO, CO,, THC) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Lithography purge for 157 nm (O, HyO,) <1000 <1000 <1000 <1000 <1000 <1000
Number of particles > critical size (/m3) [A] <100 <100 <100 <100 <100 <100
Soedialty Gases
Etchants(corrosive, eg., BCl3, Clp)
O, HyO (ppbv) 100 100 100 100 100 100
Critical specified metals / total metals (ppbw) [W] <1TBD <1TBD <1/TBD <1/TBD <1/TBD <1/TBD
Etchants (Non-corrasive, eg., CFg, NF3)
O, HyO (ppbv) 100 100 100 100 100 100
Depostion  (eg., SH4, NH3, (CH3)33H)
0Oy, HyO (ppbv) 100 100 100 100 100 100
Critical specified metals / total metals (ppbw) <1TBD <1TBD <1/TBD <1/TBD <1TBD <1/TBD
Dopants(eg, AsH3, PH3, GeHy)
O, HyO (ppbv) 100 100 100 100 100 100
Inerts—Oxide/Photoresst Etchants/Srippers
Inerts (O,, HyO ppbv) <1000 <1000 <1000 <1000 <1000 <1000
He, H; cylinder carrier/purge gases  (Np, HyO ppbv) <100 <100 <100 <100 <100 <100
Manufacturable solutionsexist, and arebeing optimized
Manufacturable solutionsareknown
Interimsolutionsareknoan |4
Manufacturablesolutionsare NOT known _
International SEMATECH 1997 ,1999 2000
2003
SMLY SMLY
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77
2004 2007 2010 2013 2016 2019
2003 | 2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018
Technology Node hp9o hp65 hp45 hp32 hp22 hp16
YIELD MODEL
Defect budget node-by-node
validation

Circuit limited yield model

Scaling FEOL complexity

Statistics for ultra small population

LER limited yield model

DEFECT BUDGETING
Ultra-thin film integrity

Low defect surface preparation

Advanced test structures for non-
visual defects

I Rescarch Required [ Development Underway [ ] Qualification/Pre-Production V7777777] Continuous Improvement

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

77 Yidd Model and Defect Budget Potential Solutions

HAR high aspect ratio 78
2005
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SN

2004 2007 2010 2013 2016 2019

2003 | 2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 |

Technology Node

hp_90 hp65 hp_45 hp_32 hp_22 hp16

BARE WAFER
Light scattering

Novel

NON-METAL FILMS
Light scattering

Novel

PATTERNED WAFER, POST
CMP, POST ETCH
Light scattering

Optical imaging
E-beam imaging

Novel

ADI MACRO
Optical imaging

Novel

ADI MICRO
Light scattering
Optical imaging

Novel

Uik iz iz

78

I Rescarch Required [N Development Underway [ Qualification/Pre-Production

V777777 Continuous Improvement

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

Defect Detection and Characterization Potential Solutions
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R&D
1 30% 80%
SN
Visble Defects
ADC, EDX, FIB

37 (Yield Enhancement)

yellow red 2
5%
2 1
2.
yield ramp
IDM
in-situ
SEM SSA,
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Non-visual Defects

Optical Proximity Correction OPC

Parametric Defects

SSA

BIST Built-In Self Test

Electrical Faults

Design for test DFT
DFT  BIST

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2003
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Data Management System
DMS
DMS Oak Ridge National Lab. ORNL
DMS WIP
DMS
DMS
2004 2007 2010 2013 2016 2019
2003 | 2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 |
Technology Node hpoo hp65 hp45s hp32 hp22 hp16
INTEGRATED DATA
MANAGEMENT FOR RAPID
DEFECT SOURCING LSS ISSS LSS LSS ISSSS S

Automated data mining

Automated correlation of design,
process, and test data

ELECTRICAL FAULT

SOLRCING (I FIITTTI 7T TI 7T T 7S 7T 77T 777777
/ ffffffffffffffffffffffff
777777777777 7777777777

Design for diagnosis

Fault to defect mapping

NON-VISUAL DEFECT
SORRCING (77 f7 777 A 7T T I T 7T I AT T T T 7 777777

ffffffffffffffffffffffff /
77T T T777 777777777777,

Design to process matching

Improved micro -analytical resolution

PARAMETRIC PROBLEM
SOURCING
Integrated process capability
analysis

Parametric disturbance modeling

I Rescarch Required [ Development Underway [ Qualification/Pre Production & & # A Continuous Improvement

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

79  Yidd Learning Potential Solutions
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Wafer Environmental Contamination Control

15 130-100nm
80

in-situ

n-situ

m-situ
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2004 2007 2010 2013 2016 2019
2003 | 2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 |
Technology Node hp9o hp65 hp4s hp32 hp22 hp16
GENERAL
Fluid purity impact on device yield /
performance :l

Contaminant based process control

UPW
Metal, cation, anion detection
capability

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

Dissolved oxygeninstrumentation
with better accuracy at the low
range (<5 ppb) to allow the use of
the instrument for control

TOC: analysis for chemical family
and molecular weight identification

CHEMICALS
On-line contaminant monitoring for
defect prevention — particles (higher
sensitivity laser particle counter
monitoring)

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 identify
source of contamination

‘H'HW

Solvent particle monitoring (in
particular IPA for vapor drying
applications)

[
L

I Research Required  [IIN] Development Underway [ ] Qualification/Pre-Production V7772223 Continuous Improvement

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

80 Wafer Environmental and Contamination Control Potential Solutions
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0.1 ym

80

Wafer Environmental Contamination Control —
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