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YL (Yield Learning) #4828
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DFM (Design for Manufacturing) Z&EBH1E5%E
HART (High Aspect Ratio Inspection) &7 AND LLEDRE
SSTA(Statistical Static timing analysis) / N\ EIEREEIRETRRAT
EDA (electronic design automation) Y —)U
CMC (Compact Model Council) F2VIRYETIVOEFIRE LIRS
AMC : Airborne Molecular Contaminants K50 F 53
ILD : Inter Layer Dielectrics [EfRIi@IZIE
FOUP : Front Opening Unified Pod 7 1 —/\1&#R - #HuESEs
TOC : Total Organic Carbon/Total Oxidizable Carbon EHB#EIA R
ICPMS : Inductively Coupled Plasma Mass SpectrometryiZSit& TS AVESE DTS
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- TableABDE

MPU DRAM Flash
_ _ Volum_e . “
Yield Ramp Phase Volume Production Production | Volume Pro DRAM? \\J | ’ /r Z MPU} ’ — I\ § ’jjs > E
0, 0 S
YOVERALL 75% 85% - A\
YRANDOM 83% 89.50% 50% FlaSh (( ) D(/\ C IJI l RS C\\ﬂig
0 200 200 =0
0, 0 0
YSYSTEMATIC 90% 95% 95% . -_~ . Iz X 0) B —_—
Ymaterial >99% >99% >99% 7 J 18 J\ =
Chip Size 140mm?2 107mm?2 144mm?2 R d
e andom Faults/Mask
Cluster Parameter 2 2
L ear of Production 2007 Year OM[ELED 2007 2008 2009 2010 2011 2012 2013 2014 2015
W ) (contacted o8 MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 32 29 27 24 22 20 18 17 15
[Flash ¥ Pitch (nm) (un-contacted Poly)(f) — — — — —
" - Critical Defect Size (nm) 34 30 26 23 20 18 16 14 13
Critical Defect Size (hm)
Chip Size (mm2) [B] 140 111 88 140 11 111 88
= Overall Electrical DO (faults/m2) at Critical =
E-I- Defect Size Or Greater [C] 2210 2210 2210 2210 E E-I- 210 2210
Random Electrical DO (faults/m2) [D] 1395 1395 1395 1395 95 I T395 —/1395 1395
Overall Electrical DO (faults/m2)
at critical defect size or greater [C] Random Faults/Mask 42 40 40 40 40 4 40 | 38 38 38
Random Electrical DO (faults/m2) [D] [~ |MPU Random Particles per Wafer pass (PWP) Budget (defects/m2) for Generic Tool Type Scaled to 34 nm Critical Defect Size or Greater
Random Faults/Mask 600 455 345 274 217 163 129 103
E— E— I I E— I I
1157 107 81 61 49 39 29 & 18
— — — — — —
= CVD oxide mask 704 534 404 321 255 101 152 121
CVD insulalor g E— E— I I E— E— I
Furnace CVD 421 301 228 173 137 109 82 65 ON
/ Dielectric track| 499 = = = = =
/ Furnace oxide/anneal 245 175 133 100 80 63 48 38 30 \
/ Furnace fast ramp| 643 — — — — — —
/ implant high current 508 / Implant low/medium current 299 2_L4 i;z % 98 77 % 46 37
Inspect PLY 781 Inspect visual 328 234 178 135 107 85 64 51 40
— — — — —
Lithography cell 668 Lithography stepper 240 172 130 99 78 62 47 37 29
— — — — — — — —
Measure CD| 667 Measure film 245 175 133 100 80 63 48 38 30
— — — — — —
\ Measure overlay 610 \ Metal CVD 449 321 243 184 146 116 87 69 55
\ Metal electroplate 477 m— m— m— — — — — —
\ Metal etch 1012 723 548 415 330 262 196 156 124/
N Metal PVD 690 = = — — = ==
Frmare] a2 plsma cchl__ 919 sse = R 2 2z iz | et
TP oxidelanneal] 449 RTPCVD 195 148 112 89 0 = /4—2/ 3
= — — — — —
49 37 28 22 18 13 11 3
E— E— E— E— E— E—
\Wet bench 15 12 9 5 4 3
Chip Size (mm2) [B] 144 102 3 102 %‘ﬁ%
Non-core Area (mm2) 46 32 26 41 32 26 41 32 26 41
[Randnm Flartrical NN (fanlte/m?2) IN1 2EN2 2EN2 2RN2 I 28N 28RN 28N 2EN2 2EN2 2EN2 28RN
[Random Faults/Mask I 74 I 74 I 78 I 78 I 83 I 83 [ 7280 | 7289 | 72 I
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1. Identify hot spots based on: 2 "Build a pattern library using
OPC, DRC, FA, etc. clips
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3. Defect Inspection 4. Defect locations 5. For every defect, design and
are identified optical images are extracted.

6. Defects are classified according to pattern background
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JN—F 1)U critical size CiEE
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WECCHTEDRD /) S—F « )L DE(UPW, Chemicals) I
AN

ey’%'ar of Production 2007 2008 2009 2010 2011 2012
\/ o Flash %2 Pitch (nm) (un-contacted Poly)(f) 54 45 40 36 32 28
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36
Particles
Add |Critical particle size (nm) [1] 32.5 28.3 25 22.5 20 179
UPW | WAS |Number of particles > 0.05 um (/ml) [26] <0.9 <0.9 <0.3 <0.3 <0.3 <0.2
UPW Number of particles >critical particle size (see above) (#/L) [26] 100 100 100 100 100 300
Chem 49% HF: number of particles/ml >0.065um [1] [11] 10 4 4 4 3 3
Chem| ADD |49% HF: number of particles/ml >critical particle size 80 50 70 100 100 140
Chem 37% HCI: number of particles/ml >0.065um [1] [11] 10 4 4 4 3 3
Chem| ADD |37% HCI: number of particles/ml >critical particle size 80 50 70 100 100 140
Chem| WAS |30% H202: number of particles/ml >0.065um [1] [11] 1000 400 400 400 300 300
Chem| IS |30% H202: number of particles/ml >0.065um [1] [11] 10 4 4 4 3 3
Chem| ADD |30% H202: number of particles/ml >critical particle size 80 50 70 100 100 140
Chem 29% NH4O0H: number of particles/ml >0.065um [1] [11] 1000 400 400 400 300 300
Chem| ADD |29% NH40H: number of particles/ml >critical particle size 8000 5000 7000 10000 10000 14000
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Critical metals : Al, As, Ba, Ca, Co, Cu, Cr, Fe, K, Li, Mg, Mn,
Na, Ni, Pb, Sn, Ti, Zn.

Level of Metals deposition on Hydrophilic Silicon Wafer from DI Water at 60 C

UPWAIRE LT SDEER(UPWF — ) L
rsoT —H KD Mg, Al, Ca, Zn,
1.00E+11 35.00 F@D\\% EFR é ﬂPb EBD 2. C
z ‘200 | Critical Metal &9 S FETEE
£ LOOE+10 - ﬂ I 2508 | =ach
g ‘ / | 20.00 . o
% 1.00E+09 ; H—‘ «H}A oo % ﬂ 2008 FDXEICIZ
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A K G R N Ay (MDcritical metal EESHEIN
e sonen | M CLELDTESZECDRD
M etal Level in DIW, ppt ‘:g* L/Eo
FEP Metals

Critical GOI surface metals:= Fe, Ca, Ba, Sr,
Critical other surface metals := Fe, Ni, Cu, Cr, Co, Hf, Pt,
Mobile ions:= Na, K, ..
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Influence of Very-small-quantity
Metal Contamination (Ca, Mg, Zn) on Device Yield
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SR I 1

iB K 1999(ITRS) 2001(ITRS) 2003(ITRS) 2005(ITRS) 2007(ITRS) 2008(ITRS)
EinE soabL Ay O 18.2MQ-cm 18.2MQ-cm 18.2MQ-cm 18.2MQcm
WBLF
RES(um) 0.09 0.065 0.05 0.04 0.05&£LT 32.5nm
& % (.~ ml) <0.2 <0.2 <0.2 <0.2 <0.9 <100
E ({E L) <1 <1 <1 <1 <1 <1
TOC (pg /L or ppb) 2 1 <1 <1 <1 <1
B77E % (ng /L or ppb) 10 B~y B 3 <10 <10 <10
SiO2 (ug. L or ppb) 0.1 0.1 1 <0.5 <0.5 <0.5
critical metals(ppt/ng/L)each 20 <20 1 <1 <1 <1
= 20 <20 <50 <50 <50 <50
BHEZZ(ppm) soahAL I Aq B 8-12 8-12 8-12(AHYV=w8-12(AHYV=v4)
WKIN—-TNXRIET—2LV) AIEEE
A2 I<20ppt=>1pprp<lppt

<0.5ppt=><1pptEF(ITRS2007)=><1ppt(critical(IREL XTI 1)-ITRS2008)

VI—NREXASIERE=1ppt(Fe) TLeOL NIV (G

RIASR)

KRRV ABREVLTERTIGRIKER)E1LpptTH)  ARKRIR Tlel0LANIVE
TETIER DY, FEPTII<5e9&MELTLIVS,
SHIF<1ppt THRSDTII LK. 0.5ppt, 0.1pptETHERIIHEEE XD (B ).
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