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BRI )3 20084 Updatefifi 5> Table YE3 Yield Model and Defect Budget MPU Technology
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DTableAHIFRS AL, ZAUZfE, LIFEODDCE L UWECCE RO Table 573223 it EiF bz,
DDC TI20084F L Jilt CAFE 53 Cdoo T T DB LD 7284172, WECCTIIMIK FI D/ =T 4 7L B LUK
JUZBAL T H KR Cilim LT, AZWIZBIL T H A BFMEAR) T52 42 Critical metals:MetalsiZ 7348
L20094F FERR D E I 5- L T2,

13-2-1 YMDB &

N DZE T U3, 2008 4F Update fifi>n Table YE3 Yield Model and Defect Budget MPU
Technology Requirements 33 T* Table YE5 Yield Model and Defect Budget DRAM/Flash Technology
Requirements @ 2 ->® Table 23HIFRET-,
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Table 122UV T, FUEEIINFIZ OV TREARE TN BT DR UL CHFE) T
75— RS, 2008 4EE Update Bl CAR524:72 7= Table IHETES T,

Difficult Challenges TII S DRI EMINMEED D, 16nm UL EHAT HARI(High Aspect Ratio
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Inspection)7 3D Inspection ZEHL.E720 | %5225 Non Visible Defect 25 { eARIZ LIRS U=, 16nm ARt T
I SMLY (Systematic Mechanisms Limited Yield) 7% Non-Visual Defects and Process Variations &£E1:7x~7-, %
7= 450mm WA ~ DU I OV T OFEHD S BINS T,

13-2-3 WECC %7
13-2-3-1 AMC (Airbone Molecular Contaminants)

Table YE7 (WECC)?® AMC Bif% T, Gate/Furnace U7 DGHAZ VD EFITINZ TY =—/"NKIAIDAF )L
EFDNIBINSITZ, Cu U TIZHITD HoS FFRIREZAGITIRN S M=V DAT LG DIED L 72 -
7o VF VRO OMENSTES Iz, V=TI T 10 f5EELY MEE 72> TV % (Table YE7
7175 AMC BIFRECE oy 2 L T 13-1 1R 7)),

Year of Production | 2009 | 2010 | 2011 2012 | 2013 | 2014 | 2015 | 2016

Gate/Furnace area wafer environment (cleanroom/POD/FOUP ambient)

Total metals [8] | 1+ |o5]| 05| 05| 05| 05| 05] 05
Add Total surface metals on wafers, 1e10 2 0.5 05 05 0.5 0.5 0.5 05

atoms/cm2/day

Exposed Copper Wafer Environment (Cleanroom/POD/FOUP ambient)

H2s 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
Was |Total sulphur compounds 10000 | 10000| 10000| 10000 | 10000 | 10000 | 10000 | 10000
Is 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500

Reticle Exposure (Cleanroom/POD/Box ambient)
Was |Total Inorganic Acids 500 [ TBD | TBD | TBD | TBD | TBD | TBD | TBD
Is 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500
Was |Total bases 2500 | TBD | TBD | TBD | TBD | TBD | TBD | TBD
Is 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000

[%]%% 13-1 WECC/AMC 2L

13-2-3-2 Ultrapure Water

Table YE7 DBy TamA 4 2V 1O H HNBIMEAVZAMEIL TBD &85> T D, H AN FEMA
I TIEIC I D AZ NV TEFR P FEEHEZ L, Critical metals DOfLIZ Metals DT B Z3BI1L T, 1241 1 ppt, 10 ppt
EBUEA ED T, Table YET7 2Dk Hi& & Al 3 2 HfL TR 13-2 ITF&0 5, Ag, Au, Ca, Cu, Fe,
Na, Ni, Pt % Critical metals, Al, Ba, Co, Cr, Ga, Ge, Hf, K, Li, Mg, Mn, Mo, Sr, Ti, Zn % Metals & 5358 L 72, A2k
TED B, FEREEEIZ- OV T 13-4 TH WECC Topics TRk <2,

vt | 2000 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

Flash % Pitch

) 36 32 28 25 23 20 18 16 14 13 11
by | 45 | 40 36 32 28 25 23 20 18 16 14
2008 updare [ TN <10 | <1.0 | <1.0 | <1.0 | <1.0 | <1.0 | <1.0 | <1.0 | <1.0 | <1.0 | <1.0
1 [6] Critical metals and ions may include: Al, As, Ba, Ca, Co, Cu, Cr, Fe, K, Li, Mg, Mn, Na, Ni, Pb, Sn, Ti, Zn.

Critical metals

2009 edition [P | <10 | <1.0 | <1.0 | <10 | <10 | <1.0 | <10 | <10 | <10 | <10 | <10
Fe,Na,Ni,Pt)
Metals (ppt
each)

2000 edition|&tBAE0 1 <10 | <10 | <10 | <10 | <10 <10 <10 <10 <10 <10 <10

K Li,Mg,Mn,
Mo,Sr,Ti,Zn)

%% 13-2 WECC/UPW 24 iE 2L
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13-3-4 NVD &#ESZWr 27 A (YMDB)
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Tz, BN SEZETRE REL AT U NG T — 22V 7 SHLHICIY, BRI ER T OL AT U ETo
NIBEA RN ATREZR S AT 713, BAFE (1R 13-11 o CalibreRVE)S#1 TV 5,

13-3-4-2 Volume Diag. RKEUEHIEZWTT —FINET AT A

3 13-12 1%, Volume Diag. EFHE A RKBUSEHIEZ KT — X IUE S AT LOMERBITH D, %zl A
TLANERRET DD 2T AN HIEAFERE T, 7o AL B ~—T 030 IP BNE AR EE
ARTHRIRER R ER NVF O, B2 I XFFERGHE COBKRR S 2 —MEINORZR AR B IP 2VFREE k72
W ARBERICEDSRIR T ELEEND,  MIEZWT R OBZBIET Y e AL, FHEYY — A% LW
BT HOT, B —REZA LTI BOZME 2155 2 X ORI FIL I LA D Rt ST | i
SRR RORRZEHZ L LI AT LEIE, AT ISR R 5,
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= Diagnosis results for all failing die
Logic, layout, and at-speed diagnosis
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I'-\'\!fi"l \o, e = Piot and perform statistical test of €9 only
N T [] Independencezanes possible
| MR Aol singlo via
| - — L(VIAS)
e ~ ?msi e * e e = Guided exploration for sysiematics ‘___.-"
Bridge type = y [
highlighted P
due 1o zone B double via
excursion n
[}
\\ fx 3 — = . 3
M5 13-13 AREE P AT L [X|5% 13-11 Design Intent 75 H

13-3-4-3 HEEEHI AT AEDEHE

[X3% 13-13 13, R E S AT AL DY — U fATHE 5L Volume Diag.\Z X DT — R faa i Aa&iot
BHEICEY, BHE OFRHENT CIET 7 LRIGO FICHL TR RSN NV DV AT T 4 IR
REFRLUIHITHD, 3K 13-13 T, 7= SMEE S TRIED Bridge A~ R OFEAEBIEED FIGDNTE
FHIRINTND, AR BE— RO EL R HRIVUE, T ST > 7 28R E T 5FHIC Lo CTREEIA
ERRATATREE 70D, ZOFEDOKFHINCHL NG WA RS | INWVERT NVF LB 2 2503 HKkS,  Volume
Diag. > Ffifik Feb U TIROILDBBENEOFEMT — 213, MRS RICEB1TDH ADC fEREEFRRC,
BE—FZXBIT 2807y 7 ALUTE M FTRETHY | R E L 2T LDMEREF > TR HLER
DFIFHEYLET 5,

13-3-4-4 Design Intent D& H

[X|3% 13-14 1L, Open S HEESNDHI DL AT I RT —4)5, Double Via (2857485 DA B T4
EETHFITEST, Open BFEFEAED FREMEDS SV AR IAATE RGN R CNVD, IR IErS 2T
DT RO, AR FEBEIEL CODEXHIERZRET 2D THY | FIZIXZ NI EEOBFRE
EATERT DEENMNAMRTN AL A —T U RE ThoT 56 DR OAR B A ST WEEH)I AL A
DOIXRHETHD, AHETAL OEHMa FEOR RHEE T TEG F CEBICHHRL Tl<{FIILb, ity
D BIEEAREE BRI T T U T AN BT v 7 O R BN, 0 #i AR DB R OB R
FHARBREOYFHED WS ONBIAN AT A2 FNAIEEE /2D, FZIALAHTIZEY WA BAFHTIC 2L
T2 TEOHEDS R R D,

13-5 WECC Topics~ KR DOV T DR

2009 D> WECC {HHE) Tl FRIHMK - Oz AU EN I IOV H KK A5 Cigama A7z, £ 0D
HCAJBR AN DU T H AMAIDFEEZEA ITRS2009 4 LR~ IR E 4172, 8L 712 BIL CRED D S
E7 /LB L0 Table YE7 FL#lNAITITEE R A3 2L A% EEM 3 A it DL E D D5,
13-5-1 WECC Topics-1 Sk D& B A

FMARITT =y M) —=0 T U ey by F U T EDFAE) L ARE L TREIEHINTND, ZDT2DED
MBI 2 /oG DBEERALE DT 78> TD, FHTER R O PREICEAL T, A AMIH A

HEam/ S HE L, 2009 EER CUETRH -T2 T, TORFEIZ OV TRt 5,

ITRS2008 update Table YE9 THIEL TV \Hifi/k ¢ Critical Metals {3 Al, As, Ba, Ca, Co, Cu, Cr, Fe, K, Li,
Mg, Mn, Na, Ni, Pb, Sn, Ti, Zn T 2%, MK RO A VIR EED FEHEIT<1ppt(ng/L) Téh 5, 2008 4FL0 . K[E - Fk
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I WECC T, ZhAaS5HIZ#4{EL T Critical metals & Less Critical Metals [23253<, S8 L O% S
1T>TCD,

2008 4EERRETD YE-WECC TUART w7 EH TV 5 critical metals 3 FEP @ critical metals & D% 4723
VTR ITRSFERIOBE S A B -7 1T Table Z50ET 585, HARD WECC 7 HER LTz, LLTIC
AT I FEP TIXY = EDO&JRIH YA = DI L Tvd,

1. Critical GOI surface metals:= Fe, Ca, Ba, Sr (<5e9atoms/cm?)
2. Critical other surface metals := Fe, Ni, Cu, Cr, Co, Hf, Pt (<1e10atoms/cm?)
3. Mobile ions:= Na, K, ..(2e12atoms/cm?)

i 2l L T D481 Ba, Ca, Co, Cu, Cr, Fe, K, Na, Ni T2, HA WECC &L T, FEP @ Critical
Metals, #liKHOIEIERER, U =/ N ~DOWEREFRZAR AN HBTL 72 WECC critical metals #2 H AZ%1F
R, ZAZ 2009.3 ~LF—BEED ITRS BN 3 THREL - (X3 13-15 B1R),

FEP critical metals| Occurrence in UPW|Deposition probabilityWECC critical metals in UPW

AqQ no no Low no

Al no Yes High less critical
As no no Unknown Unknown
B no Yes Unknown Unknown
Ba critical seldom Unknown Unknown
Ca critical Yes Hidh critical
Co critical seldom Unknown Unknown
Cr critical Yes middle critical
Cu critical seldom Low less critical
Fe critical Yes High critical
Ga no no Unknown Unknown
Ge no no Unknown Unknown
Hf critical no Unknown Unknown
K mobile Yes middle less critical
Li no no Low no
Ma no seldom High less critical
Mn no seldom Unknown Unknown

mobil Yes middle less critical

Ni critical Yes iddle critical
Pt critical no Unknown Unknown
Sr critical no Unknown Unknown
Ti no seldom Unknown Unknown
N no Yes High less critical

Based on hearing  Based on experiments by

Based on FEP table ¢ 0 '\ ypw suppliers ~ US WECC WG

X 13-15 #Hi/KH oD critical metals D#£%3(2009.3_ITRS ~/L¥ —23%)JWECC
ZORERLITRS Tl ZORFEDEZ 75 EEEZ T, SHICELDBRILFEL B OTRMBMERSN, 2
X F 13-16 (Z~T,
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2009 Roadmap
FMEA Result Recommendation ~ Metal Device Device  Typical UPW Occurrence Deposition Deppsition Detection
Device Impact x
Deposition
Probability ppt Impact Weight Concentration Risk Concentration Risk Risk
ppt at Equilibrium 20C
1000 1 Ag High 20 <0.5 2 3.2E+07 5] 5}
40 10 Al Low 5 1 1 Note 1 & 2 8 1
1600 1 Au High 20 <05 2 Note 2 8 5
5 50 B Low 5 <5 1 No Data 1 1
25 10 Ba Unknown 1 <0.1 1 Note 3 5 5
1120 1 Ca High 20 <2 8 2.8E+08 7 1
200 1 Co High 20 <0.5 2 Note 2 5 1
1200 1 Cr Med to High 20 <1 5} 3.3E+07 4 3
1800 1 Cu High 20 <1 5 1.9E+08 6 3
900 1 Fe High 20 <1 5 24E+07 9 1
20 10 Ga Unknown 1 <0.5 1 Note 3 4 5
20 10 Ge Unknown 1 <1 1 Note 3 4 5
40 10 Hf Unknown 1 1 Note 2 8 5
25 10 K Low 5 <1 1 Note 1 & 3 5 1
15 10 Li Low 5 <0.1 1 Note 1 & 3 38 1
45 10 Mg Low 5] <0.5 1 7.0E+08 9 1
4 10 Mn Unknown 1 <1 1 Note 3 4 1
100 10 Mo Low 5 <0.1 1 Note 3 4 5
400 1 Na High 20 1 5 1.2E+08 4 1
400 1 Ni High 20 <1 5 2.8E+07 4 1
3500 1 Pt High 20 1 5 Note 2 7 5}
30 10 Sr Unknown 1 <0.1 1 Note 3 6 5
200 10 Ti Low 5 <0.5 1 Note 2 8 5
40 10 Zn Low 5] <1 1 Note 1 & 3 8 1

Note 1: Empirical data cannot measure deposition due to relatively high levels in control wafers,
ie no difference between control and exposed

Note 2: Likely to deposit based on Pourbaix model

Note 3: Not likely to deposit based on Pourbaix model

[X|3% 13-16 Metal Deposition from UPW FMEA
ZOREFIE, ITRS2009 4R o> Table YE7 Ok 14 @ AH O IR s S, X5 13-2(RiH) DO LD,
Critical metals 73 1ppt, Non-critical metals 73 10ppt &33ASA07=, Je3R 77481, Ag, Au, Ca, Cu, Fe, Na, Ni, Pt
73 Critical metals, Al, Ba, Co, Cr, Ga, Ge, Hf, K, Li, Mg, Mn, Mo, Sr, Ti, Zn 73 Non-critical metals &72-7=,

13-5-2 M7k DMK TVE YL

2008 4£JZ Update iRIZISU T, MK ORI F-~ D BLRAEAS FLELE A1, K88 Tld 50nm 73 Critical Size
A~ BRI 900 fE/L 35 100 /L E7e0 | Rifg, K-l bITriL /2 o7z, Lol BREMEDZ S PHEIZ DN
TOMFR M TL T U+ Clized | FEEERD A FEE IR CRE, BINBSIONH AD WECC (23
UWNT IR DS D DBRIFTE YL SO T A3 L OSUK ~ D BESRAERR E M - Wi il e D T
72

K, BRINTOT —ZEHL RFHI LD | SOOI TIEYUIIRD 2 DOBIBIZLDET VINDR5T
EDMRRESIN TS,

OB Lo TR R OB A 237 == R HEIHET L TN E 5, ZOBEDOAERIL 50% 3R E,
@ = IR DKL | MK OBk 105 - 355D,

ZDK[E BN T T AT IFESNERBEFIE LT, 0.2 1 m OFShi 173 200 (/L 723 Ak H11Z 600 FURE™
T NIRRT HE . RIS B3R 2,500 {E/300mm = — ERFRE I, ZOfEIE, FERROTEE TR
TOWRL YR L T iR TRERBUEL S 2| ERORERERFORMNEDLLEE 2 DT,

KE., BRINDDOIRGEET /L TORERE RN EFEOVES TR COMRLFEGLRILE TEED R E N &2
5, STRI TOIREEL T, KD HOMRL 115 Y2 B9 51 £ BRI &2 G AL C, WECC NE COim
1To77,
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SCHREEFARE ORGSR, MDD OWRL 7175 1T B% 5.2 DR 1-E LT Bk TRk, RIS, R EEORK
DIRMERBE O == RENRERE L O B RHIT Bz, FEOFERD G, R0 50nm LL &85
PRI BAL Ti, kS ke . =00 _ : |
FERTF—SHELA LR | A
17O FHI S LATHIAK OB
LA LD BEABE LT, U —
GO RERE B A 52 DR
(V== BILOWRL DR &
(L1 ThHEEZE R, WD EAIES
BLIRDG BN T ==/ N~ DKL
&P ROEDLIUEL . ZDFMHED
B, MK HICFFA S DRI H50 3
BTz, Z2FCER)ICBW T, i
TO BN T TATHHZE A ,
(SiaNa) ok T-% VT H AABR (LIS - — — —

Figure < VWafer coverage measured Iolidwing & 3-min
U =— N BALE~ AT R) D _:._,:Db.-'r.e.rs.'-:.v."l in various known liquid-bath concentra-
FREHE RV RENTEY, ZORER% tions af 0.1-3.0-um silicon nitride particles.
BE KD SOk T353R (R) X2 13-17 K oRE T T Ly o 35 B oD BEERY
FULTFOR)HEHLE,
R= {Cwf/(ChsSwf 100k Dw)} 100 ---=(1)
R 145 25(%)

4008 - Va -1

- o

WAFER COVERAGE [PARTICLESWAFER)

10 L E] 20
LIOUID CORCENTRATION [PARTICLES, ul)

Cwf; 7 = — DMk 744 5,000 fE/H(BIZ 13-17 L)
Ch; fliZK H oz 14 7,000 fE/mL(XZ 13-17 Lb)
Swf100 ;100mm v =—/~F 78.5 cm2

DW: I EH 5T AT — FEH FLOKAEBES 1 cm

()AL, A O T 51E R=09 % LEHE-,

ZORRID, B2, LT O THUK P OFFA R 1

BERYE KD, @ 100 ;
Rq=Rqw/{(R/100) 3 $25  Swf300 3 Dw 3 n } 2,(2) OOE

Rq ;MK HEF AR (fE/mL) 8 10:

Row; Z< i _EOMRL F-4A0E  75.4 EIFL )

(Table FEP3 10) ©  f

R AR 09 % (E(1)DFELY) c 1

S25 ; 25nm ki - L7 EEOMIEM  4(*1) -g :
sk 1; [ 13-17 13 0.1~3 1 m ORI T4 5615 2L THs0, IR I D IR
(455 13-18 X0, 0.1 1 miZxHL"C0.025 1 m DKL -0 'g . Particle size (um) 0
&R 4 5 LHAH T,

Swf300;300mm Y=— N HifE 706 cm2

n o YEEEL 5 [A] (X% 13-18 K F-EeLy=— 35 B BIEY
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()0 FUKPFFREE(R)IE., 0.6 fA/mL LRS-,

ZORBEAERZB LT, 2009 4E 7 H OV 7T AaE AT T, 50nm LU T Ok &kt 5 L L
TR RO FFERL 13 0.6 fE/mL LU THRE LT, KEL BINDOZEENDIL, BT HOWTTERZSES
TS, ERERHERE R CIE, MR 103 SigNg IZBRESILCNDIERR, BREI COT — X ThHIERE =
DFFERMITMSEDLZLTHLANED BAFECTHY | FEREL T, 2009 FEERUZIT RS20~ T2,

FIAR~OERIZIBWNT, 7 RERICES TUELR DK EEZRET HIEN ITRS OBRE THDH, LHL7en
B HUR, A OB 1~ O BRAE T 2 24 720585 03 72\ O CRed Tk LR ES AL, FHAIORENT 2L
HEOIBEN LN, A YT EE L7 DK ORI 3 5% E T 572012, FRITITWT — X2 OFRELC- fFt
ZkEL TUOK ZENLEETH D,

(5 3CHR)
1) Deborah J. Riley & Investigating liquid-based particle deposition and the effects of double-layer interactions
using hydrophilic silicon wafers |, MICROCONTAMINATION December 1990
Q)M [P Va T = RO IV—ACEMN F 3T VA T=— DR —=T 47U
AT =KL, VT T4 X51(2000)

13-6 WG11 2009 SEEEE 7Y 7 ik
LUTIZ 2009 4EEE STRIWGLL DT U7 Effz w4, 4 4-EEIE Non-visual defect & Contamination {Z B8
FTOET Y7 Z NI FE a7,
LEgME AT =X
TR RS VTR
27V = V= BIBIT DT IR =T 4 VNV D58
MRS TH S
3/ =T AN ROBYFHT 7 —F
Bl 7 b Rt
AR FE R RICHEBRCTE D e DFT 727 /my—
A= T T T g Ae s RS
5.8 N =T 7 FHAEA
VA RS
6.ChemetriQ® Inspection for Non-Visual Defect Detection
Qcept Technologies Inc.(fYELE : U7 771 /o — KRR AD)

2009 £ WG11 1EEN 6L Colli/ & BHR A T S B V- ERE ORI RGH L £,

13-7 F&0

2009 4EEEDIEBIE LT,
1. NVD Z7—~IZHY) RIFVEBIL , AT = X LB, FHEE L, SEZ2 72 E OFHEIZBI T 5k
TV T ELToT,

2. HFUKPEBEOMNAEICEL FMEA IJTFEEZTEZRL WECC 77— 7 VO BUEIC RS E T,
n—R=y T OW TR FI2MRE Oiima D D ED DD . NVD ERRAT =X LMl 571k,
FHUEA-CR WA e & Tl A% ITRSISTRI %L L THARLL T HZIUEL , TV 7 2 TAV
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AN—TCORREAT, MR- T 757 LT BB D%,
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