8. 7ur b R utx

8—1 Ra—7>

FEP(7a hx= 7 atX)pu—R<y L, A L ey 78 o560 C60 8 Lz, & RE
N o222 DRAM F ¥/ 30 2O EICE R 2> TER LT, 20—~y 7 TEKLTWDHD
T, BB B Oz — " E TR 055, FEOL (front end of line) O ## & 722 £ 4f7 8 35k 0 )4 i
REREHAE, TOMRFAREBEMEINEZERTLIILTHD, TOD, 20—~y ST E
ME, 7aeRBL, &0V Iaryz—nb YUY AR TR ETEZE A TWD, RIRICIT
ROBEREIBEER O T, Thbb, (RY—FT 7 ~F V70 TR E || BV /3
RERAIBIRIN—E 7| TN T I~y F 7 | Thd,

I AL LTS O B 7o A & A R T BE 1 4 B AT 12D\ T, AU o0 B A LR LR R L
Tho, o, LERBARORO B L OEM ) AL, FFICRENTORWIRDVET L2 RIZLZY
DThD, B, MR BEHETHONTOB AN OHBMEF OB ThoT, bFLEME— D
T = F TR, HH TR R R R kb D,

FEP (CPRHE L72aE 1T, EER 8RR e —RF~y 7 (ITRS) OfttOF /2 IZH Y EiF b T
Do FIRXS Ty F U VALE B LV T oy B AL SRR R BT BE (CMP) % & B 8 o0 I 28 45 RIS,
BEOL (back end of line) D3 E DL DEEME I 2720, FEP Vb L LAR MO EICT L 1 H D,
FEP on—FK~v 7 X, FEOL OF NAREHKICHE LT TA~vzyF 7L CMP L O KO
BTREHOARLT, WETROBREEHLE A TS, FEP T4y BF LB E 32 Z Rk FIH T,
[ K ffa D % 3 (Defect Reduction) |, [#l]l & # 7ff (Metrology) | . [ BR 58| & &, K& OV
(Environment, Safety, & Health) |, 1 IZ[ET ML BL VT I=2b — a2 (Modeling &
Simulation) | ®#43 TE kS TW5,

E: Wells

: F: i

C: Isolation G: Starting Material

D: Channel H: Contacts
A7 —FARH T E:v=/L
B:V—X/FbAr—xrxT v ay Fixy o2 (BB F)
C:F#F Bt G:AZ—T A4 T~TIUT IV
D:F v/ H:=2o%7k

16 CMOS hFv oAz, av#7h, k1O DRAM Ot &
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8—2 KFy¥L ¥
8—2—1 KWiRHHkE — PVarBILEORRZE X T

P AREEIT, B FEWE T 222 B FELL T, 2—7 (Moore) DL R THAE N /RS
AVTWDIEIZ, BT OIRWIEEAE RN KL, 7T AR R ELTE7, ERAZIRVIEDE,
ZHILH LW T T 0 i e~ A7 7RV DA B OB B ICEVED DN TET-EF 25, &
IANEZZIT, R T 20T TELDOANMRLMIROB AN EE T2, [Ei 772588 8 1 23K
BRADE L CTE o, bUMR RSN 2T, ZNETORE LN RERNIEEF-TLEINBLN
R, TOME LT CMOS TAAADEFEDPNH MO T oL KRB TH o7, (E kDT Iar 1L
/7 27 VR =T RV ary OF —hAZy 7 T av AR OLDICE S ZHZETHD, HFrL
CMOS 7 —h A&y 77 atAld, axAMWLEL BINTF /A= MOF —& — D @& i B % (high-
k)7 —MMEFIEE T 2T VAV —NEmZIRIE 70 A THRA T22ERROENDITHAY, 2D
FLWT o AOEFERBANPYLELERZOEFE5 0D 5 F£LNETHEND, bokt, ZOBEDOTm
YTAEFEEEFEIE ANTDHIE, ZRETOFNL R T 10 ELL L0 0088 Thoa o,

BEE AT, ZOH LW T 2B A B IX M NV ZITELEE LN TEY, ZRIZIED 6T
WRH5, HREEMLZOREITH LUK EEH LTS, 972205, high-k i EAZ V7 —RE
MOFLERMBNETIN, ERDREINILIAZORELNLONRENTWS, LOLARRE,
ABEICEBRICE A T5800L5 130 ThHo, EEBEAL SVICTHETITE, Z<OKRTF LY
ARSHEMLU,MBRTIIENR AR T, TRITIFBO TELDOAR R FHER OB ANDSLET
H5D,

il

TNODRBE LT,

a) 7 — MR IR A B ORI 2D | &Rl 2k D22,
b) 7 —EME B ORI 240 ek Rl ik o5&,
c) T ADK AT HME H Al 2B % 952,

d) 7= AR Y e D R & O —hEMREO S O, E K REE & OME HE
PERFMEZMAMEIC T DT AMNEE L FIEZHE T,

e) 7 —hEREORBEIHIEE, U A EEmRA L Z N0 B4R EFEODIZIE]
JF A AL OHI A S IHESTODR, Th s e B R &< oKt TER I D0
(S ERREE LIV OFR K A TEOME R EZ B THL,

f) FIUPAZORERLEBEMICKIET EIVEOMBEZ TS, ML, ik T52L,
BLON
g) Ak DRE LM B LT 2 eaxbin L FEEOE VY CMOS OfE YnteR 2D LT
6:&0

FEThD,

RE.T—MEEEZEZDEVIRWARLBERIT. ZNHDRF v It 4 5 h #& W 72 fif TI37R
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VITRS DATY 2= VIERR M ERERRERFZOEG 2NN - EFOGREZRETOo&E
RIETHLOTHD,

% T OB AR TIT S LT EY, 69— BB AR R b 7=bSN B, Z LR — S M 2
SR B CHFSN AR A B2 THY, HoBIRICK — 7SN A 2T R T 50 Bl L
RFXVTIPETDHILTHD, ZORB R T DI LWL ERE O E AL E THD,
ZORBEANERTIR DT — RSy I —DIZELD LIFLDI1E, EVDITREERZETHD, EVHDH,
high-k ' —bA% 27 7 0EAOREICTH R 2AHEETHSNTWEEDTHS, FHITMZBE, &5
WA ZERLTUTLER B a v X/ MEE M OND L R—=FT R EITBITL TR, 208
&% high-k FaT VA — AL I LA SNDHUERBD,

Allou—R~y 7 TRY EFEBEoKbyETIC, HAEFEBEL WS MOSFET O & T,
ITRS TR RHNTWDR T P AZ R ABIIREBL TERWVWEVWOIFRRICE [ 52812720061
nen, ftkd CMOS DR =V TN T27elleo 2 A1, YARFTLWHE FHEENILEL
B THAY, EMZOREE T, BB AZRWEICL, o KRB IR 2 372912, high-k
Mefg ML BB IR L, R ERUD, HON T LWER DB HLEEbND, b —F
<y TR T OERICE Z DT, BIE T ROHIHFHLWHE o E LM EnRko5 T
s

DRAM Off HE&NBM L0, Ev IO AWM RIK TIZE2b0 T, 20— KIZTELORKES
Z DRAM n~—7EyFD2F DM /PNEIY, bob KEREIA TR KZZETHD, TORE R,
INETIFYTITESTNDHE Y MIUI2E T ITfF Lo TET, ZOIORFEMI) IR A =D 75
KIDIE, Ty T HEEDROIHE STV OX Y RUFELEO T RICEDZLDTHD, ZOH %
BLT, F ¥/ U XOMEEIZT oo VarBb ST ELEOIREKE Th o7, Ll 6
IZZDFEBI I A — U Tt HE/bE A ETOMBIE CH/ONDLFEER TIIRALHY,
Lot RERILFEROM B ZEDVICHEH THZENLETHD, TOEEEZEBTIHIE. &b
HTHFYNRVHFEMOE LML EILRD, ZOHMB OO D high-k BEEEME EHZ, MOSFET @
F—MHEFRUTHDONRITNDEETE 2V, RERL, BWHFHEE RN ML BN mE TR &L
T OERFHIZE 2> TODENETHD, (> T BATOAL Y I X /R AR FF X
EEZERTIHLVERE 7o AR E IR B oD, TOH 7 ATIE, FkD CMOS
P —bAZ I DR ETCH TLADO LR 2B MES T, RIER &6 P O B E S84 U, 4 106 H
THIODAT Y 2a— bl TEIE > TS, T, ZOE BIZK IS T25720I121F, Fr vzl
TF=FTIEFRCDTEOEERONN - BRENERPLETHAILEADLND,

DL B R7ZFRE ORI IIRSTICEMIIRLTHD, Flo. KREDODZOH O H  MFRITH R IZ
RLTHD,
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BeFore 2005, Locic GATE LENGTH =65 nm JssUES

Nitride Derivatives and High k Gate Stacks Effective oxide thickness ~/=1.2 nm for nitride derivatives,
~f= 1.2 nm for high x

Achieve optimal channel mobility >95% of 5i0,

Minimize gate leakage mechanisms to achieve ~i=1Afem” for
high-performance logic and -/<0.001 Adem” for system L5I

Control Boron penetration.

Minimize gate electrode depletion, e.g., polysilicon depletion

Chemical compatibility of dual metal with appropriate work
functions

DRAM Storage Cells

Implementation of Ta, 0., BST, etc., with associated compatible
(Stack and Trench Capacitors) “

electrode materials
Capacitor structures that meet (DRAM % Pitch)® scaling
Trench and stack capacitor scaling to <100 nm

Ultra-Shallow Junctions (USJ) with Standard Achievement of lateral and depth abruptness

Processin
8 Achievement of low series resistance, <10% of channel R‘_

Annealing technology to achieve -/<30000/0 at /<30 nm X,

Etch CD control and selectivity
Sidewall etch control

Microloading effects of dense/isolated lines

L, Control

Halo/pocket implant optimization
Overall thermal cyele control

Metrology Physical, electrical and chemical measurement and
characterization of gate dielectric, electrodes, USJ, etc.

# 31 7urhxzoRavrORKF¥L oY
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20085 AND AFTER, LOGIC GATE LENCTH £ 65 nm Is50Es

Ultra High k Gate Stack Effective oxide thickness <0.9 nm

Chemical compatibility of dual metal with appropriate work
functions

Acceptable channel mobility
Thermal budget and dielectric stability
CD Control

Gate Leakage ~/<1A/cm” for high performance logic, ~/<0.001
Adem” for system L5I

Cost-effective CMOS integration

Memory Storage Cell Will an alternate storage cell supplant conventional memory?
Ultra high x capacitor dielectric (Epi BST)

Are trench and stack capacitor structures viable at or below
70 nm while meeting (DRAM ' Pitch)® scaling?

Alternate and Ultra-scaled Transistor Structures CMOS structure: raised S/0, replacement gate process flow,
CD control, CMOS integration, and others

Mew device structures beyond planar CMOS: pillar,
wraparound gate, and others.

Integration of Silicon Compatible Materials Col) of large wafers (=300 mm): epi, 501, S5i:Ge
Development of compatible high  dielectric materials
Development of compatible dual metal electrodes

Development of material compatible cleaning processes

Metrology Physical, chemical and electrical measurement and
characterization of new dielectric. electrodes, and ultra
shallow, ultra-abrupt, dopant distributions

#£ 31 7orhzo R avRAOKF v oY (FEx)

8—3 HRINAYE R LR R K M
8—3—1 RF¥—F4v 7 ~F7YT /L (Starting Materials)

BAERZ =T 4 =T VTV ELTUE— MK, FaaFd L xx— (CL)EILLLR) vy avz—n
MZEZX YL 2= DOELLPRRERRINE LN TS, 130nm LL T O TlE silicon-on-
insulator (SOD) V= — D=y FREMLL EIZE B SNHEDLI0b AR, ORZ—FT 17
~TUTNEMEL LR EEFORMEEZRE LI KRB UEARN) Y 2y 2 — "R R 72K &
T/ — AV RIEEIRBE L2 2= "B T N5, ARV G IZ—KEICZANOL W CZRY vy o
V= nTHESND, = HFeYyZICIE—RICIVEROSWIEZF Ly LT 2 — " TREIND,
ZHIFICHE D TR ToOREM. (Bl 2I1X7 — M EDOZEM) L. Ty F 7 v 7 RBRN R W 77 S
NDHEDTHD, L LEF OB BT yr— e F o (ST O HIZKVZIEER EIZR B2
KBRDBMWHBH NI, TEFXF T v LTz — Ry a2y — O i L O 1T, 2Py 75t s
TEFR XL = — O A PR INDDIZIEFELW A THD, SOL & O, AlREEOH D
AP =T T=TIVTNVBE 2 BRI Y 55 H<IDICEbND, ZLTINGIZHOWTIEX 17T,
R SR DA HE AT EL TRLTH D,

# 32a L 32D 1TV E LT ARy I ANBH LIEEHZ OV = — O BERFFHEICOWTO B R EZY
ARNT w7 L ThHD, TNHDOR M IX, — R = — OREE Ry avo— 1 ZEXF Ty L
Tx—n, SOI Tz — KGR LIZ[E A DT A—=E NS5 TND, ZRHDE X, 5% % D/RTA—H
N, T T OHBKTIZHL, 1%L EIZFELRENWESZ X TRIZNR TS, RIPOMIX, T X
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—ADRNTDEROLINTND, ZNHOEIXH 21X T v 7 S 7-0De v Mk, z%éb\iw/“ﬂ%?ﬁc
R 2= NP AR L ZVTA AN T AADar (CD)EEFELTRDIZ, ZNHDOEITEAELLT
WHETNABPEBTELLLIME THLNR, FT MCHELTITELEELEMEIH S,

CITROONTEREIL, V== "RIE TONRTYRICID0MIEHE B L THRY, 7= — Al
0)/\7/%‘i2@*:5@ P MESIH NS, — DI EEE A LIS L TR RIS/ A 5 E L 43 A T
FIZIXT 2= "DEIGHIIZHELTHD, I — 2, A EeE FE 5720 (zero-bounded) /37
%~§ﬁ§?ié5§7\?ﬁ’@%6o BIZIX, 7TV RRA N =T I NVEE RESBIRENIOLLIZEL
AHD 5 AT — WA BOE B 0 A1 TREIND, R EER 0 M IXFERFRED S < E DO RENWTT T
EWEAH<,

YEAR 1999 2000 2001 2002 2003 2004 2005 Diriver
TECHNOLOCY NODE 180 mm 130 nm 1N im

DRAM 2 Prrcd (nm) 150 165 150 130 120 110 100 0
MPU GATE LENCTH {rnm) 140 20 iag 85 80 7 64 M
General Characteristics * [A,8]
Wafer diameter (mm) ** 200 300 ** 300 300 300 300 300 M
Edge exclusion (mm) = 1 1
E‘;‘zl:\:;:ﬁaci}?m‘ticle size (nm), latex sphere _ =825

Particles (cm z) (D] =0.13 =012

Particles (#/wf) < 38 < 84
Critical surface metals (atfcm’) [E] < 1.8:10"| < 1.410" | < 1.2410" | < 8.8:10°
Site flatness (nm) [F] =180 = 165 =150 =130 =120
?‘::éq%;:‘gi;rllﬁlﬁ']pniru value = 2.0 ppma) 19-31 18-31 18-31 18-31 18-31

Polished Wafer *

Total Allowable Front Surface Light Scattering Defect Density is The Sum of Crystal Originated Fits (COPs) and Particles
(see General Characreristics)

Fr-:l-l_jr surface COPs size (nm), latex sphere =90 - 825 5 - 55 = 50 D
equivalent [C]

COPs (cm ) [H] <013 =0.12 = 0. <0.12 =0.10 nis

COPs (#/w) <38 <84 < 84 <72 D
Bar._k surface particle size (DRAM). latex sphere = 867 = 617 < 567 < 500 = 467 = 433 > 400 D
equivalent {nm) [I]

Particles (DRAM) (#em’) [J] < 0.63 < 0.61 < 0.58 < 0.55 < 0.53 <0.50 = 0.48 0

Particles (DRAM) (#/wi) =191 =423 = 403 < 384 = 367 = 352 < 336 D
Total bulk Fe (at/em’) [K] 21x10" | < 110" | <1210 | <1210 | <1x10" | < 110" | <1210 | D2 A
Oxidation stacking faults (OSF)

=4.4 =39 =34 =28 =2.5 =22 =1.9 14
(DRAM) (em ™) [L] b
Oxidation stacking faults (OSF)
2 <31 <25 =19 <15 =14 =11 =1.0 ]
MPU) (em ) (L] M
Recombination lifetime (ps) [M], see also [N] =305 =350 = 350 = 350 = 350 = 350 = 350 i
Solutions Exist [ | Solutions Being Pursved [ No Known Solutions |1

% 32a A —T 4 =T YT IV OE Y B SR —Ur VR R
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YEAR 1599 2000 2001 2002 2003 2004 2005 Drriver

TECHNOLOGY NODE 180 nm 130 nm 100 nm
DRAM ! PrvcH (nm) 180 65 150 130 120 110 00 D&
MPU GATE LENGTH (im) 140 120 oo 85 S0 0 65 M
Epitaxial Wafer *
Total Allowable Front Surface Defect Density is The Sum of Epitaxial Large Area Defects, Epitaxial Stacking Faults and Particles
(see General Characteristics)  [Of
Minimum layer thickness (DRAM) (pm) 34 -4 4 » o 2-3 )
(+ % tolerance) [P] (+4%) [£4%) [£4%) i | i (£ 3%) Db
Minimum layer thickness (MFU) (jum) 1.5-2 1.5-2 1.5-2 1.5-2 1.5-2 1.5-2 1-1.5 0
[+ % tolerance) [P] (£4%) (£4%) (£4%) (4%) (£4%) (£4%) (£ 3%) !
Layer large area defects (DRAM) (cm B! =0.008 | =0.007 | =0.007 | =0.007 | =0.006 | <0.006 | <0.006 s
Layer large area defects (MPU) {cm 410l = 0.006 | = 0.006 | = 0.006 | = 0.006 | = 0.006 | = 0.006 | = 0.006 M
Laver stacking faults (DRAM) (cm 4 IR] =0.015 | =0.015 | =0.014 | =0.013 | =0.013 | =0.012 | =0.012 s
Layer stacking faults (MPU) (cm®) [R] =0.012 | =0.012 | =0.012 | =0.012 | =0.012 | =<0.012 | <0.012 M
Silicon-On-Insulator Wafer® ]
Silicon final device layer thickness 30-200 | 30-200 | 30-200 | 30-200 | 30-200 | 20-100 | 20-100 Y,
(tolerance + 5%) (nm) [S]
Buried oxide (BOX) thickness (tolerance = 5%) (nm) [T] = 200 = 200 = 200 = 200 = 200 <100 =100 M
Dy, BOX defects (DRAM) {cm AU =0.106 | =0.100 | =0.096 | =0.091 | =0.085 | =0.080 | = 0.069 D
Dy BOX defects (MPU) (em LA =0.359 | =0.346 | =0.352 | =0.344 | =0.275 | =0.254 | =0.208 M
Dy, inclusions (DRAM) {cm 5 ™ =0.127 | =0.120 | =0.115 | =0.109 | =0.102 | =0.096 | =0.082 D
Dy, inclusions (MPU) (em 5] =0.431 | <0415 | =0.422 | =0.413 | =0.330 | =0.305 | <0.250 M
D,,.. threading dislocations (DRAMMPU) (cm ) [W] =210° | £2410° | £2410° | £ 2410° | =2410° | =2410" |22%10° | D5

Solutions Exist [ |

Solutions Being Pursued [ |

No Known Selutions [

# 82a ARZ—T 4L ~TUTIVOETHYE K —F VR (FF )

(kNG A—RIIRRMEEZERZL TS, HRICHOWTIE, ML THLHELTO FHIE THY, FF
IZHDWNITFEBRIIZ 99%DRRAEELTET UL THD, — DL EDORNTA—ZR[EFFICE DD
LIFAHTHLHELTWD, L E IOy 2 — N E, — BWIZIE, RREIC—2LL EORFEEZ RS
RNTHAI, M O/NT A= IRIILH RAE O OB ZLL7259, TNIZT R TONRIA—H
WX T 08 A S ITD <l 99%EE 2D,

¥k FHELY 2 — " BEA~OFEROKERF Yy 71T 200mm IZOVWTHE T LTEIRNETHD,
¥FIZ 180nm & 130nm AL 300mm NENZH72D T, 200mm (F72F 130nm & TIXE I TH

L THAHING,

% %k %k 200mm N E72DHV 2 — R THHIN, FEIX 300mm 2% TH5HLDTHD
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Front surface particle size (nmy,
latex sphere equivalent [C]

=35

Farticles {cm z] |

=0.10

Farticles (#wf)

=73

Critical surface metals I:nr-"mnz} |E]

Site flatness (nm) |F]

=70

Oxygen (center point value = 2.0 ppma)
(ASTM 79) [G]

Folished Wafer *

=25

=0.10
=72

< 4.2.10°

6:10°
<50

Year L 2011 S DRIVER
TECHNOLOGY NODE A0 nm S0 mm 35 nm
DRAM 12 PrroH (nm) 7 A0 35 iz
MPU GATE LENGTH fnm) 45 32 22 A
Greneral Characteristics * (A B/
Wafer diameter (mm) 300 300
Edge exclusion (mm) 1

Front surface COPs size (nmy), latex sphere
equivalent [C]

COPs (cm ) [H]

COPs (#hwi)

Back surface particle size (DRAM),
latex sphere equivalent (nm) [I]

Total Allowahle Front Surface Light Scattering Defect Density is The Sum of Crystal Originated Pits
(COPs) and Particles {see General Characteristics)

Particles (DRAM) (#/em’) )

Particles (DREANM) (#wi)

Total bulk Fe (at/cm’) K]

Oxidation stacking faults (OSF)
(DRAM) (cm ") [L]

Oxidation stacking faults (OSF)
(MPU) {cm ) [L]

Recombination lifetime (ps)  [M] [N]

Epitaxial Wafer *

Total Allowahle Front Surface Defect Density is the Sum of Epitaxial Large Area Defects, Epitaxial
Stacking Faults and FParticles (see General Characteristics) [0

Minimum layer thickness (DREAM) (pm) 2.3 2.3
{+ % tolerance) [P] (£3%) (£3%)
Minimum layer thickness (MFPL) (jm) 1-1.5 1-1.5
{+ % tolerance) [P] {£3%) (3%}
Layer large area defects (DRAM])(cm 510 = 0.005 = 0.004
Layer large area defects (MPLI}{cm z} [ = 0.006 = 0.006
Layer stacking faults (DRAM) {cm”™) [R] = 0.010 = 0.009
Layer stacking faults (MPU) {(cm ) [R] = 0.012 =0.012

Solutions Exist [

Solutions Being Pursued 1

F 32b AKX —F 4 =T UT L O i ) B R —m sk

No Known Solutions | NENEIN
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YEAR 2008 2011 2014 DRIVER
TECHNOLOGY NODE 7 nm 50 nm 35 nm
DRAM ¥ PIToH (nm) 70 50 35 D
MPU GATE LENGTH {nm) 45 32 22 A

Silicon-COn-dnsulator Wafer™

Silicon final device layer thickness

(tolerance £ 3%} (nm)  [5] 20-100 M

Buried oxide { BOX) thickness

(tolerance + %) {nm) [T] =50 M

Doy, BOX defects (DRAM) (cm ) [U] D

Dy, BOX defects (MPL) (cm 2] (L] M

Dy, inclusions (DEAM) (cm !3 V] 0

Dy, inclusions {MPLIY {cm 2] [Vv] M

D, threading dislocations

(DRAMMPU) (em “) [W] DM
Solutions Exist [ ] Solutions Being Pursued [ ] No Known Selutions | NI

% 32b AX —T 4 =T VT L D HE AT HY B R —am VR SR (i &)

kNRTA—ZIIWREZEHZL TS, FREIZOWVTIE, MY THHELTOTHIE THY, HFH
IZHDWITFERIIZ 9% DR EELELTET ML THD, — DL EDONTA=ZR[ERFICE DD
LIEF THDHEL TN D, HDHE 26N TET o — T — AR B — D LL E D[R Rl 278 &
TdHAH), M D/RTA=ZIRIWIT T AL D5 DI Z L D125 ZIENZ T R TD/NTA—=ZIT%f
TOREHEIT DL 99%EF 2D,

3% 32a. 82b DAX—F 4 =FUT IR TAE R OER

[A]

[B]

[C]

(D]

[E]

IR ~—13 1 FEOBRBELZ 0.1 LE., < 1X10“C at/cm?

FHT7HRALETO CD HAARICH L T<0.12nm(RMS) Th 5, ;4 & DN & B A= fif & 22
WA W S (RAF vy oA X)) 1A B2 IR IOR IEND, XU —R~T L (B JE) fEHT X
{8 TR CORIRTITHZ LA HELE T 2,

R N—T 47 NVBLNIH b ERE Y (COP) DI AXE=K,(CD) TR K, =0.5 TH
Do

K N—T 471 Y=exp[-DpRpTA(CD)2] (6) DA THE 99% T/rETHY, Rp=0.2,
TIZ7 7 /ay—H R TOIF v LB T0DNFT P AFHH LV IEE v, A 1X DRAM 0 &L
VT 7772 —THVEMEROEETHL, Kl LB TIIAN—T 42701 50% D7 — Rl
et 2R EL TR, N—=T 7 VEIT NI ST 2 FDEICH L TH D, ZOfE R L
LT, & 33allBWVT, KRB TRINTED 2 ffOEELR>TWD, MPU (2% LTI
MPLL=X97 A OEIIR A T&R20vwo© MPU ([2x425/3—F 427 /L1% DRAM (2% LTD
EEEELWELT,

SEIT. EBRELEICLT Y=exp[-DMRMTA(CD)2] (6) D THE 99%IT/RDLHITRE
NTHEH. RM=0.2. TIZT 7 /ey —H A TO1IF v B T-0DRNT DAZEHAHNTE v MK,
A X DRAM oLV T7 777X —ThHoH TR O TH5, DM=K2(M)3expl| -
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[F]

[G]

(H]

(1]

[J]

(K]

To/0.7] THY K2=1.854X10-29cm4, To L& R ERVEMDLEZ %h F T E L%
i 2L S TV MIS DRAM #% & & AR IS L 72 Bl AR ICnm AL TRE T, =
DETIVICHIAEN TWDLER T —X L, LATIcHREN b 0E2 X—XZUIEE LTz, (7)
F AP IZIBNT, iJE ZOWTIEZ — MR PETE TD 50% DG 2 R EZILE L TWDHD T,
HoTEBMEIZ2HOMEITHLEINTND, ZORERLLT, £331CBWT, WA TOfEL
RENTED 2 H@iﬂ Ll TG, BIRLTHDIEIZR DEJE DK < 1Zxh 35 R HE
<5, (Ca, Co, Cu, Cr, Fe, K, Mo, Mn, Na, Ni)

FALT Ty bR AOWE (X, fie e i & 920 S o & yt“ D FRIZE FH LTV
HRETHD, 180nm DEAMFICH L TIE, IEFEDO 74— /LR GEHFEI1£22X22mm) D7)V 7 4
—IVRDAT /=M b b7255, £ LT SFQR 73 @Jtﬁuﬂﬁ'%ﬁT%ZD 130nm £ 1i7
RATH LTI, R RBE N HRIFORKREET, EFHO74—/AF (@ HI1%X25mm X 32mm)
BRSO AX YU AAT R VENDEAH, £LT SFSR Nl U st Jl R HETHL, WTFho
=AW TH, G R EE L E 2274 (DRAM @ 1/2 B> F) iIZxt LT, CD OfE izl
EELWEA), R—=V X LT AMIEEFNTVWDIRETHD, 77y bR AORE FEIT, & %2 D
B AT L CRE OB 2 80 F R R IR 210 4R + 572012+ 40 70 22 ) ) iR 5E & B 3K
THEVHZEEHFLL TEL, V=7 IE 2 TOHEHMMEARITH LT 50y mEL F THHIETH
%,

KT HHEREZEICLIEFREOL VT obb 2 FRBRZET, P RMEOE YO K KE
e /NMEDOEL P TH D, 2NV Z UK Ka (BMD) 1 IC TREEZR 715 WEZ XV T Rnd D
Ry ayz—/"T>1X108/cm3 THOFvZV 7 DRWVEDT<1X107/cm3 Thd,
I0C’88 fi 3 I JE i 1X ASTM M1 0.65 #FF LHZLICE > THLNIETHD,

COP % Y=exp[-DCRCTA(CD)2](6) DX T 99% DK E (/b IHricik iz, 20X T
RC=0.1.T I77 /a0y —iRTD 1 FvT7YU VDT PAZEBHNNTE Y ML, A |

DRAM OENTY T 7772 —ThHOE MR O THoH, MPU [T LT i*EUL/t;EO?ZC
A OEIFFH T&72n o T MPU (2% 9% COP OfEiX DRAM (2% L COMEEZE LW ELT,

AR D OREN—TAINVCEDEHBORBSO EFIT.ES T OERBEHOREBONTEYIY =
—ADEIR W O [(xD+xT+W)— (T+W)] TE I35, ZORIE[(xD)-(1-x)T] &7 5, =
ZTx=0.61EV 2= DF vyX T E NIV AN—T 4 7V EE R EOEH (F) Thbd, K
D EFH R 2(CDYIC/25E 100%Y Y 7T 7L TR IT AR RICRDEREL T, BHE/N—T 17
NP ARIZRDENCFKEZND, D=[(2/0.6)(CD)+(0.4/0.6)(T)]. CD & T i nm THE/RIN T
Wb, ZOFTIE, TIX 100nm IZEELTHD,

L/ N—T427/01% Y=exp[-DpRpAEFE] (1) DT 99% DB 272D X5k DTz,
Rp=1.0. AEFE=ACHIP X0.03X0.8 THY, FryZIZHE ML TWLF vy 7 mHEITT->7cD

3% THDHZ LK LT 0.03 AT 7 HIE D 80%IZxf i L7z 0.8 DZE [EH /N —T 17 /LI
FDRMOT 74— IR R THIT D, RELE TIEN—T 427 01% 50% D57 — Rl
Vet A B2 EL TR, N—=T 47 VEIX TN ST 2 {5 OEIZH I TN D,

Fe 1%t LBABEAEWN(IMIZR), oS Lrh o0& EbE-EE THD, SV Fe JBIE
(at/em®)IZTT = — "DOESTHRAE L TEHIEE (at/em?) ITE BT 52 13 H k720,
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OSF % E 13 FEBRIZHE ST K3(CD)1.42 TFENb, CD X nm BN TraEh, K3=2.75
X10-3 (8) THD,1100C 1K ATF—2BILLBILEZEREEL =y T 7 LT/, n
o)z x OSF #3508 K0 KN # TH 5,

G747 XA L0F t r>2(L2)/Dn TREND, 22T LIF~A VT 4% v T OIL#E TH
OUDniZ27TCTO~NA /T 4X I T DILBARE THL(9), LW E TV = —NEIZFELWEL,
TR 2 BMEbITnd, SPV, PCD O X578 i Tk, K2 Fa2dl ., 2Efb., ZL
TIRETDEDOME YRR AERENS, Vo7V TlEEEHEN H I8 P ERIT5-20Q
-cm ZHELE G5,

FBAETAT XA LT ©g=ni/G, (10) THRI . ni FEMEFPITRIE (11, 12), G ITHEAL
Y, BALRFR Y ZVORAERE TH D, © g=(nigW)(Ilimit/ACRI)-1>50 u s %
DRAM ® ACRI=2.5um2 (13)IZxL 27°C T, Ilimit<10-16A/bit (100°C T<10-
18A/bit) DEEHRV—V B EHRAEL TWDH, W=0.5 ¢ m, Ilimit | CD O AR &I 2/ &7
Do W T AL a— VRTNARY)—7E G, 7 — Mtk ) — 27 E ik JEHCE T 1L 100°C T
BV—7EREIVE/NINEREL TN,

tay s/ vV REVSTEM O XX v LR BIXFRIRICE ESINHIREXTHD, Lol Y
I T VIR TERV,

H B O TR Rl EES L Ty 2— "N THRENSDHR KOTTRAEIT~ AT A
DR TR LEFRBEZM T TR RENTWS, T—HIL plp—.plp+.p/p+ +iZTONT
WHTx%, 7998/ — 1% 0.8 TEE LL T4,

KHEBEZEZXF Y L REIE 9% S B 27 vibanTh, XL Y=exp[-
DLADRLADACHIP] (1) T&#%, RLAD=1, ACHP /X DRAM., MPU (2%} L CJiii 4] 72 A3
wWHIn5,

TEXF LR E KRG 99% 5 TET Vb TlY, X Y=exp[=DSFRSFACHP]
(1) THs, RSF=0.5, ACHP (X DRAM, MPU (Zxt L il Yl 72 2338 H S b,

AAEME ORI, PRAEMEISH LT, V2= "N TP RENSDR KROTTAEIT~A
FTAD%R 2 TRUIETF R EEM T TRARINTND, HEWRIVIAVDESIIT A 28
LR THEINDILEDICTRALEM B LV, BRI TODIEITHE o222 B L5
EEZROMGTITELNLLDT, ﬁﬁj%'ﬁ’éﬂi%ﬁb\é:%zi’oﬂ67~5”@%éo%éﬁé
B ORI L TR, v as g S AR LB (BOX) ORI IZIER CEICH B ESND72A

DY

o

HIZE O EIEF R EEICHLTY— "N THRENODR KO T TAEIZ~ AT A
D%l 2= CRUIEHFRMEZ M T TERIN TS, BLERIILTODEILE 28 2 Bl Log 4
22Z MO FIEONDZBDO T, B A TRORWEEZLNDGT —FThd, by v ar
JE§ & BOX DR &E A 1£<1011/cm2 THD, e a2 Z R ORI L TE, V=g Ll
AR AL I (BOX) OJE SIXIZIE R UE 2y Bl &N 57259,

99%#4x 8 » BOX X [fa 1% Y=exp[-DBOXRBOXT B (CD)2 6] (1) T &+ . DBOX i BOX
RMa#EE (FLLTE YA —/L) RBOX=0.2(HEOKEORELVIE) . BIZDRAM Tlx1,

obooboooooobooobognD 199900



[V]

[W]

MPU T 10, 6 =6 (L (5 —h, V=2, FLA> (LDD & & 1) Ths,

99%#4 8 @ Inclusion K [il%, Y=exp[-DINCRINCT 8 (CD)2 6 ](1) T& &h . DINC 1%
Inclusion K a4 £, RINC=1 (B EORK RO RELVM) . 1L DRAM Tix 1, MPU Tl
10, 6 =1HfL (F—h) Th2D, FMiIEKRMEET 2L —h T 57D, HF=yF 7K (14, 15,
16) W Ty F U7 LR FICE %17 o7, Inclusion D K 1X,COP, & @ VUV AR,
fy 7 Varv@oRETIBILESREEZEATWD, ZNLOE A MITEREA LI
BCEL IR (LLS) FHlCHl > TH i S d b mivzzny, (15, 16, 17)

NNVITNRARLIFIEE L WA E N EH @A (DTD) 2X106/cm2 2R WTERKR Iz, 7
—RIL,BFETEXHE TR FDICRDOLA TR, ZODITITERN A EE DTD ©
BB EONRTIIERLR 0, ZRADOEMTIZE-T DTD 347l sh m~HBE T 5
HPWFFCTED,

obooboooooobooobognD 199900



First Year of IC Production 1999 2002 2005 2008 2011 2014

Polished Wafier
Conventional Silicon
Ultra-Low Defect Material

H: Anneal
| | | I | |
MATERIALS SELECTION Epi;alatial'u"i'arer
(Mo Narrowing of Options E E
Expected) :
| | | I | |
501 Wafer
Bonded
H. Split
Porous Silicon
Oxygen Implantation (SIMOX)
I Implant Dose
CDO 200 mm
300 mm
Wafer diameter ] 450 mm
Physical-Based
MODEL-BASED PARAMETER et
SPECIFICATIONS Paramatar
Distributions.
Selection of Materia|
Kill Factors
STATISTICAL
SPECIFICATIONS
Material Acceptance Criteria Based
Model-basad on Long-Tem Supplier Model-Based
Distributions
Empirical-based Empirical-Basad
|

B Foccarch Required | R | Development Underway : Qualification/Pre-Production

This legend indicates the time during which

research, developmant, and gualification/pre-production should be taking place for the solution

17 RE—F 47 =T VT IV ORIk 56 4

AR R FIELL UL RAF—T 4 7~ TIUT VEKROHE IR TR, 2R T1%EZ# 2720891,
K e OFEEBNABA IR FE2EIVY THRETHD, FFEORMICEDBEEKIL, (1) 5 ibhi
RIA=BME GEY) 725 B £ T )V CHERE) CTIRED R B RIZ (2) ZDNRIA—EEFEFOT = — D H|
A G ECEHL A B BCCTHEGE) 28 T 72b 0 x o $52/5005, ZOEBEZHWTIRO %
AR OSHIT. MBI OZ T ANEELL THESIZEN N KD, ZOFEITHF R TED
RIA=BDREG 25D TIFR M 2 DU 2= A= OB B FF O RTA—Z D53 i I EH
IOtk E R D EIADLD THD,

ZDEIRT T —F 2T H0IIE. RO =ZODEBRDNLETH D, 5 UIHRAEDHEE TT LN
KEB Gy DIRTA=BZNZ DN THERINARTIIE R0, 5 2 13T A= 23t 354 6 |l O 43 Aii
ZRFEICLRT IR 0720, 8 3IIM Bt OZ T AL, ICA—DIZLDD 'EDOH TN T AT
DLATNGAFEF OB A EEICLe T ANEREITE EL2TE RS0, 203
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IXFE2, 170K OBEM MR INTOD, TNETORIE, RbBEILOHEHELICLE
BREETANFEDLNL TS, TLUTERMEIL, ZORTA=ZITH LT 99% 4 - BHERINDEND
HELEKRKIC, BAMERRDENLTND, EDOFK 2 DT z— b, BELRTIERSRWEE DT
A=HERNT AMMDOEDRTA—ZE S FICERESHF G LRNEVIFEE FITREL TN,
ZOFEBRE I UL, %wwhémt/\w ZDSAi e FE> TWDHELTOHE R 2 B b
SATZIR FE & f5 AT HLWETHHZENRENTWD

FFR ., <D ANTA=ZITRE LT T AFUAT RE 72 B 23, 3 HY PR SR & D\ 57 i RE D TR S 123 5<
DT, V= NEA—DLICHIE A= D OETET OILFEMEZEN, Z T AT Al GE 78 5 43 A % e
SEUL HEFF T AT DICE B LR D THAD MEHRFME LR IS WT, ICHAE T VO HERHE % 7
FORENTWD, 22T IR SNHABR R FIEmIT. T AN RGOS A L T57
WICHE B ERDZENH KD, VDR @ ME DU z—nE COO OB ENG, R ETIYa
NS T HEREZEF LILTPLOTIEARL, @ IC B ERICHE OV T, WHNDDHHD
BETDEVIONTGUARERNICHETHD, TNMICAZ =T 47 T2 — DR E S E L —
TAINOHER (U R) IR T LI CTHEIT THL7 — M BT O LS, B LW b DIz -T
W5 (F 33a,33b M), ZIUIHI M OICHE 1 T T, K UEF I E 50% ThHrE TEHEIEL
TWAENHLTHD, Vo — BE A= TESNZF T OAL M E GBI vs. BUK M) & H IS
O = —Fr VT OMAAERIL RIS, V= "REDORMY O —T A7V DZEDH% DR AE D
FENIZB N TEETHS,

Ve N\REOYHEFEETEELREALFLLTELIR LR TE, Ry avo— LI ¥
Fanyz—E, MICHEEEZERTIOOICHE LT b nR iz, AL TS, Ry
YaUrz— "OBEERRMELTL, AEY OISR EOILFHRIEE Y, N—T 17V L
K>~ (COPs) DEH72r v — AP /N RGO 723 A TND, TEZFT v LR E K a0 o
K A K Bfa D XD 724 & R g 1X =X F 2y by = — B W IR S e T i e b, #8
2T DB RIE, Kl KM DR 22 AT HIRINTWD, Rl KORELIMENIT, > Vary
T AERTO, BER KROPERE THL, TNODORKEZFH LT AXEHE LI K55 =0
AR ZRE T oL —FAF = O OLEE OB R ITEZERFH Lok FEHE THD, &
KMGHITE xR BRRBOEFH THLIEEP L L TBLIETEETHD, fl X, X—Tq7 L&
COPDWM JF WAV 2y = — /1 "DORRKE RMEEELB ZDRFICIEB EINRITNLIE RGN, 0
BEX,. INWODOXRMEE=F—FT2HD2WERBTLIHIEOE AESHLNITE TS VW TEE E
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PN EDBARI T TN, KR 25 <700, KWRZEIZ, J07V—2 xR m s, EEIITXENT
WAHIINTR 2B NN, bo BB 2a Ry MV RT—RMERE R O BIC, B Os)—
FADEREZWG 12T I2DICMBEEINTODOBH NN, ZHETIE, BEDOT7 FANRKELT
R A TWRDSTeN, M DX —T 4 I NVIZEDT7 Ty RRADL LS BEINRTNIE R0, £
KOET v Z2 7 H AL, FeRVyvalBEOME 2SI ELInb NN, £ THE
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NN, ZDXHRANE o2 T H A X U] TIE ot Fivien,
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K EAFFENEE > TS, S22 SIOX BT B DOFE X, T 3AADY — 7 8 it D K&
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Mri B ey —PElxt §2ERICH LT 5701iF, BWELRRNE Ao XV T E2ITH RPN E T, ik
BN R HIH 2L E LTS,

R B ANTA—ZEZNICBER LI R R NZDESRE, 7 — MR BT 2 R EL
TO DO) ~DREMEIZHOWTE, FEF IO RB B H STz, 207 A—=2(D0) 1, V<D
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X BRE B~ AL A= a— AU WUN R (COP) 23 72<72 572D ThDH, ZO M F IR v
YAz —NIROND, LLERNRLRE B R METE XX v L IEE KM OFEIXER, 77— Mg
LI DTE R MEEZ LIS EDLD T, KpIEEREHE LT E o220, BRI B IR LT,
p/p L p/p T TG EMETELF U NBED E R THD, 2-3Q-cm JVHWNTEZF T v /L E DK
LRI LT, Emy— AP p/lpt THE&EICH LIS ELEINSENE NN, Ry ayz—T
IZ COP #|#I WO H D, ZNICHEOLT | plp  ZEX X YLy 2 —"ORIFZEL TRy
VaUz—N I, MR —XHIABEI R L CIvTF Ty TR EF v ZV T O RE % R 7= 5 a] iE P
DEBRENTWD, Plp OFFIZEZ WA RICIE HICBW T, ZOME O EIX., @EEICRa
VER—=TULIEERO, BEEHE RICEA Ty XV TR T ERIRWIIHEOLT EH 25\ T
Wb, ZHE, 2O ZV TR B RAITE R IR —7 L AR LB LT, AT AR & DMK
ENDHEVIDHETHEASNIDLINRODLTHD,

[ VA BE W R 7 2V T DR IS DWW TUIE, B O E R éﬁﬁénm%bmm\ CEJES N

R pTCHELT p—TIEEVW oK EN T2 HIF B <A BTN\ D, il Ul 70 e 3 R 1, A
SNDICAT BRI REUKAFEL TNDLD T, L OF R M e i 728 IR ORIV T, KR
Ty —hL U FSEE (ST AT BEIVREVEAICBVWTIEE TH A,

SOI Vx— n — SOI 1%, @i, KEEEBHOEAC, Y7 =T —iftEom £, Lvbienrn
BATRE KNSR TF T IAX ZL T == BN ERSNI Ty T B EZER D201
— ORI DA D TG AH OFH Lo 7o ml g r@%?%rbfz‘o@ B2, v T 7y ioxt 350
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FHPANIEDOEE SOI EMRITBATTHIENTES, LinL, FrEAE~AZOBFFHCLY, B/
DU FE LT v T AR &M IR R DR IEDR DD, 2D == T NAADHRER L
KOBFEVELINDINBHNIRN, EDOr—RTHENThIzEx SOI 3@ H O Uas Mk Lz L
TICL¥EDTNRAARRT =V TR U RE 2 2<Th, Mg, R ERE . VY7 =T —DIKHE L
WolBE (RN B0 T, EOHEFHRIZEWNTH, FEDHDHIG A 7 BT SOL 23 A S
LENEE DT LR DB TR,

KEOBETVz—y — EHE 300mmmmY =— " ~Dfs# T IC EFE I THERIANEK T
DIeOITBEELRD 1999 FF TP -V LI HA A IR ED | 2002 705 2003 FFICE—7Z2 2 5L T HIE
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Do, ALY =R T HDITITE R EL TEETH S,

BHDROLLERBEER N ET 2 — " OE AN R E LN 2B EEF I, B
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ThoNDETHAY, FOT-OREMU a3, AW REERNLELRDLTHAD,
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T bobAABEFOMEINRASINDITHAIN, WELITIZ 2D EL TH2RD, LT
NOGEIZBONTHOREHI O BEENETETEHEEICRDITHAS), WO B TIEH L
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FEOL TEICHWOHALTWDKE I I, AZ VS —MEBIZIIEH TERunhrb L,
BEOL T elaflz £ LbFE BB H WL LIV W2 Environment Safety
and Health (ESH)D#l i HI3RE I OB PMELENLTH A,

BEOL D% i AL B 7 v 23, Cu B fi LA 7% 28 3 i M52 (Low - kel i 5 ) (2% IS L7eh o Tl
AR ECANCVIAN

Bl Z1E B R B972 CMP % OWEHRL P AR £ T 2823, Cu B #i <> Low-kiff % 5 b1 BHZ
KL THOMLELRD, FFREmEEHFOBMARETERE DO Cu FREZR/NBICHMAHMLELH TS
THH, BB H OB KIZEVWINSD T o AT ET 4 EHE IS, BEOL (BT 5% T
X, LIZLIX FEOL % L2 HF (25 Th A9, & 33a L 33b 1T i AL BR B iT 1T K O H AL D H i
B REEEDT,

KREAPICETORFT v Lo DB R Mz, X 18183, IROF > W& & I R fE 12
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FNTND, TR, A IRE ST — A2, TOMEMIEETETIRELTHAH, AV K
TR RIMBAEEARLLIZL U ARNRE R OEF IR > TRDLITH A9, MiAKOME H &HI Y
TAINAL DB IEA B bk RIERSR WV, A TEBO S A EHBOM /N, vIab—art
ETVCTICLDIEIRTE B OREALEANR ., B b —HE IR 2 A Wie T 22T v SN o I i il {8
FMiza b O EBIZEY COO IXFIZK EINDERIZRDTHA), 300mm V= — A TITE=4"7
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M 72T A SR HNDTH A,

AL PR &R AR UL AL WDICE R I DV E OB Th D, KL R ICERINDLIY =—nFK
T OD i 720 Y FE 1T, BV 3R SO K O S IZ R &K AF LT D, COO DK s 2 B 729~ 6 B
B CTHIN, TNOXERM 2 Y2 L EHNRME R EEEZRETHIFLLEL
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Table 33a Surface Preparation Technology Requirements—Near Term

YEAR 1999 2000 2001 2002 2003 2004 2005 DRIVER
TECHNOLOCY NODE 180 nm 130 nm J00 nm

Fromt End of Line  [Af
DRAM critical area (cm™) [B] 0.32 0.32 0.68 0.68 0.68 1.6 1.6 D
Logic critical area (cm™) (] 0.1 0.1 0.13 0.13 0.13 0.19 0.19 A
DRAM GOI Dy (em™) [D] 0.03 0.03 0.01 0.01 0.01 0.01 0.01 Dt
Logic GOI Dy fcm ™) ] 0.1 0.1 0.08 0.08 0.08 0.05 0.05 M
Light scatterers, front side  [E]

DRAM (em™) 0.064 0.06 0.058 0.068 0.064 0.06 0.051 Dz

Logic {cm ™} 0.064 0.06 0.058 0.068 0.064 0.06 0.051 M

Particle size (nm) 90 825 75 65 60 55 50 D

Light scarterers, back side {em ™) [F] 0.315 0.325 0.290 0.275 0.265 0.250 0.240
Particle size (nm) [F] 500 450 400 333 300 267 233
Critical surface metals [G] <@10° | <7:10° | 6x10° | z4.4410° | <3.4010° EELIETMRS T
Mobile ions { atoms -n:: H 1 M
P e ! 4.25:10" | 4.25410" | 47010 | 470410 | 4.70410" | 4.68<10" | 4.7x10" -‘)‘,':;*fj:”
Organies/polymers (C atomsfem ) [J M &
ganics/polymer ALOmE/Cn [1] 7.3:10" | 6.6:10” | 6.0:10" | 5310 | 4910 | 4510 | 4.1-10" 'lf,;f_M
Surface oxygen (O atoms rm:] K 14 4 M &
Hriace oy " ' 110" | <t10™ | <1210 | <1x10™ | <1210 | <t10™ | <1x10” _1),:}.;:1,;
Surface roughness (nm)  [L M and
0.15 0.14 0.13 0.12 0.12 0.1 0.1 : LI) :
DRAM water marks (/em’) [M] 2.50:10° | 2.2710” | 2.03410° | 1.80x10" | 1.63<10” | 1.45410" | 1.28:10° | D
Logic water marks (fem”) [M] 2.79:10° | 2.64x10” | 2.49.410° | 2.34x10” | 2.2010” | 2.07410" | 1.93410” M
Back End of Line [N
Particles (em ™) [0 0.064 0.06 0.058 0.068 0.064 0.06 0.051 i
Particle size (nmj) 180 165 150 130 120 110 100 s
Corrosion resistance {years) [P] =10 =10 =10 =10 =10 =10 =10 D
Surface oxveen (O atoms/om™)  [K <1210 <1x10" <1x10" <1x10" <1x10"* <1x10" <1:10" g
Solutions Exist ] Soelutions Being Pursued 1 No Known Solutions | NENEGEGN
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Table 33b Surface Preparation Technology Requirements—Long Term

Eas 2
Critical surface metals (aticm’)  [G]

YeAr 2008 2011 2014 DRIvER
TECHNOLOGY NODE 70 nm 50 nm 35 nm
Front End of Line  [4f
DEAM critical area I{r.mz} [E] 314 6.4 6.4 s
Logic critical area {cm’) [C] 0.24 0.43 0.43 M
DEAM GOI D, (cm 9 DI 0.003 0.002 0.002 D
Logic GOI D, (cm Z]I D] 0.042 0.023 0.023 M
Light scatterers, front side  (Ef
DRAM (cm ) 0.052 0.052 0.052 D 4
Logic {cm Z]I 0.052 0.052 0.052 M
Particle size (nm) 15 25 18 0D
Light scatterers, hack side [F] 0.210 0.185 0.160 D
Particle size (nm) [F] 133 67 17 o

o B
Mobile ions (atoms/cm’)  [H] 4.4x1ﬂm 4.5x1{]m 6.0x10™ .-\ff;u;}d
2
Organics/polymers (C nmms.-’cmz} | T 040 ' M and
D i
P - ]
Surface oxygen (O atoms/cm' ) [K] '=1><1ﬂ‘2 {1x1012 '=1><1L'I‘2 .\ff;u;}d
2
Surface roughness (nm) [L] 0.08 0.08 0.08 M and
0z
DRAM water marks (em’) [M] 9.0210" | 451«10" | 6.39<10" D Y
Logic water marks (fem’)  [M] 1.63:10° | 1.35410° | 1.12¢10° M
Back End of Line  [N{
Particles (cm ) [O] 0.052 0.052 0.052 D%
Farticle size (nm) 70 50 36 D
Corrosion resistance (years) [P[ =10 =10 =10 0D i
Surface oxygen (O nrmnsfrmz} K] <1:10" <1:10" <1:10" D

Solutions Exist |

LUT AUER ~ i ) 2R D | AR
[A] V== T uv RO 4] 7B BE Bk e IR KBS R oD R o R R S T

[B] Table33a 33b Bit/Chip(Fv 74 7-0Dv v ) ilik/NHiED2FEEZFE LT,

Selutions Being Pursued 1

No Known Solutions | R

[C] Transistor/Chip(F v 7 E 70D T PAZE) I /NTIED2FD 10 FE2FE LT,

[D] 99% S =4 EL A(ZVT 427 )1E DRAM & Logic @/ —R6H H, Y=1/(1+AD)

DOHEET NVEH N, D, D

ik ETAJ/JEDEC Standard 35-1, IZH#EU T,

FHHEITE ASTM F1771-97 %, o7 ey X X EiE X

[E] N—T47VvDETNELT, 99%HH M EL Y=exp (-DpRpTh (CD)*2d), Rp=0.2, T=#
Transistor or bits/ chip per technology generation, (% HEDOF v 7 LK =0DLT

YU NTE ML) a= bd

X DRAM @ cell area factor (/L xTUT7 7774

obooboooooobooobognD 199900



[F]

[G]

[H]

(1]

[J]

(L]

[(M]

[N]

[O]

[P]

—)EEL.HS AR TEENELRS, 77127 MPU OEFIVIZAF TERN>7-0O T, MPU I
DWW T DRAM Ofii % i vi-,

Kill Ratio(F/A L)% 0.2 THLFEZFRE Table32 OET MITH S, Lo o> THE X st
arting materials (RA4—74v 7" < TVTVR) DG OBAE D N-45 Lig> T\ 5,

SEOREHETALRIL 99% 5 2 E L Y=exp ((DMRMTA (CD)*2), RM=0.2, T=# (t
ransistor bits/chip per technology generation) A X DRAM @ cell area factor TH
it o %% THDH, DM=K2(M)*3exp (-T0/0.7), K2=1.854X10-29cm-4. T, D E A7 X n
m (7 /A=) T MIS DRAM 7 A AfEiE COMBALIEI B OREE CThHL, (B 5 LD
MIEERV Y ar B Z AL OMIEEZIT>TND), ZOETIIVTIEERT —F0oHE o075 i
ICEDSEFIZENEZILRL TWD, 7 = MTEEF O R ITe BT L 50%EIRE L., & 85 %L
®IET7778- 212EVH KL TS, 1> TIORE R 1E Table33 (TR #lt 4TV 5 i AL B D 3K
B2 5E705, ZOBMEIZLL IR T/ % O8O A RAE THS, :Ca, Co, Cu, Cr,
Fe, K, Mo, Mn, Na, Ni,

Nm=1/q X Cgate X DV, ZZ T Cgate [T FE #7725 K7 — M & BEENOHE H, DVIZZ ot
RIZBI2FARBEMEEILEAATYFX, 10%DY 7 R TIHEREL TN D,

=N R R ARU S U e B RT . AZVRRIE AT, U AR AR, 2 7 REiT, hL v
FHRA T gl &8 Te 7 VT 4 V7R e TR O W &,
BT ATV AR EZ N LRI )arvEoiRs 7 a7 7 A% SIMS (2 TH|E .,

FHHSIT AFM R W D BEMBEE) 12X X o 72 —RIC Tl E, AF ¥ T—FiE 2um
X2pum, M EEZREILTHAORETCHE L, BEMITZS —MNRIEE AT 28 E LR
H<THD,

VA==~ DEEEIIROSEETVRICTE Lz, Y=1/(14AD) ZZCTY 345 #,
ARFFy7HBE, ZLTDIEXRBEE, 1 HOUr—F—~—213F 7 1 xR BIZTDHER
ELTND, BT 99% R ELTND,

R Va &g VAR R NS Ry RX— g 5T i E T,

BEOL @ H#E{f|Z FEOL LR DKM B E LT D, LNLBRROARN—=T 47V OHFRERR K&
SEE /D TIEICE LWET S, (FEOL OB A& & /h~TiEo 1/2,)

I3 BR IIAE TR BE 100% DB 8 T CT%E fi,
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First Year of IC Production

1999 2002 2005 2008 2011 2014
FEOL CHALLENGES
) . Dilute
Non-etching and non-surface vuliabion
raughening particle remaval 1 | |
[ L \ 1
yogenic /
Eﬂ'
1
Hydrophobic surface termination
- watermark free Integrated final rinsaldry
[
Vapor HFI
[ ]
Dry cleans

- metal free

Hydrophilic surface termination SC-1+ chelating
agents

Ozonated DI water
rinses 1
I

Ozone and UV ozone -
based dny

High k dielectric compatible cleans

BEOL CHALLENGES
Solvent free post metal etch and
via cleans

Aqueous cleans

Vapor HF

Faost Cu-CMF cleans

_ Ressarch Required : Devalopmant Undenaay : Qualification/Pre-Production

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

Figure 18 Surface Preparation Potential Solutions
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8—3—3 BME/ERE S aEREN—Y U ER

FEP (Front End Process) ClIE i TH — MO E WE R BRBEOKR ESCHBE NV E LD,
INBIE, MR R, SV BLUFEEEROBE THS, FHIERSCHBEE ~ORBER -7 b4
HEHTHD, 7 b R0 AD R FIZIE, TAAADAr = 72—~ P
FOARTITIMZ T, WSODDRF XYL P NRDHD, ZTIHITIE, AZ M D & W AR 5 — M & I O
RE -HEREAREICEOLIREBERFEEM O AMD LR, TL TCIhoRBERELS R
DRAM F ¥/ o2t 25 00 OBI MK HES T SAA~DAZINE K ; %8 Z T8 3 VR
RPLRBT7 — NEMMELOR BB HL, ZOMOEE Pk FHEL T, ATy LR —F
YITTRTrANDIEK, b=~ NN o EDNVNSRERER T AT EAR O =R R /NI HIC
DORKEHIELCHART 4 — LV AX—F R H D, N bHek FHAETIZ CMOS 7k AICE X#
Z (i ) FTRE 72 BT N 72 iR 3R OB TND, TIHeE FHOE R DEIRICHDHDIL, Ay aik
—NVRBIEDOAT =V 707 — Mg R O 3V R AV — 7B Lz, B8 &/
W= — 7B DO K Th D,

B /ERE ek

R R DFARAZRZr =V I TR R F Loy D— 2L T — ML, B2 BET
b, & 34a & 34b ICEKNINTERFHIL, FF L7 —MEGEEE 2B b B F IR E 2L T
Inm L FIZRALIIEL TV DL HEELRLTND, hor 3 —7D R A5 1A/em2 L EDOR 2L
BWMPTENDEE ZDNDK 1.5nm LLF D Si02 134 272725, ho RV 1L BE AL I & o 3 )
WXL CTHR BB NICAT =V 7250 T, BLIEIT 100nm /—F2bI3fbne<nd, 77—k
ML CRERE TR mE ML EM AW - TR ESFEREM B CR @B IXEZR NI T
W, Il R R R R L, FRE T AT O IE E N L ECTHDH, DRAM O
XX N XM O MBSO IR RSB ER B ETHETHRIND, 7 — Mk
ORI R M AL L Cix, MR L, B RS T a5 o B L5 230 2
Thd, TTh, VVarEEETE VAR LM IR E7TEE I BB mWHEERL K TH
Do o N o TS o0 M) ) B IR AR 1 3R AR SO BRI 12 O TR BH S O E L S U b B R O
HOMELORR T (F—NEMmEaL 27 M) Z LT B E O 7 avRZLH T —~< L3z NMID
WTEH LW R AR EON D,

7= M i R E O L) — o Bid. RAEY = — I LT Ve il il 2k 57201
WMHERD AT AEART TR 2y F U I E LR ANS — N a B AF A A= DI LD
FENDT —MNEA L RIKAF TR ICEEIIRDETRIND, TS LIEE 8 0 £ i g <
VL LD AR (L E MR AL R L) Edn B S —F S102 (2 PR A E M T 2 T
JVEmWFEER(FHHELT>10, EFMHLLT>20 PEFELWV)EZA THOM B ZLE LT 5, S102
LA DR B Clie R ORI R IT, BAF 722 5 WAL R PE P F v 2L B 8 JE R M 2 M R D702 F
¥R — M AR L AR OB IE AR A LT OND AR RH LN L TH D,
COFLZI-oTEFBERMEORMICI > THLINDAY YN RIFIZNEHINTLEI, U=
IR Em T EBRMEEE SRS B O Si-0 KA 1E, Si02 #HE ENEIE A 0.3nm LT DS —
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M@K DA =V 7B IR R 2 5 25,

i DR E L, FRESNIDEWM)—VEERTDHIETHD, ZOFERZ 272D ik B R M
BHX, BVE 1 3 g i & Fowler-Nordheim b RV Z I 2 57O ICFEAE & X8 1eV BL | SR
1§ 25 4-5eV THOHZENUAELLD, A2 T, Al L7 Dl #x A EFHZ, Frenkel-Pool b Lz
fill << R TEDFE /NS Ty TN E TRITT RS20, R RIS, ZOMEHT, 7 —T
B B — N EMMN — R DR AZIH CELE NI LR ER LS bE Tniid
VAECANCYATAN
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Table 34a Thermal/Thin Films,

Gate Etch, and Doping Technology Requirements—Near Term

YEAR f993 20060 2004 2002 2003 2004 2005 DRIVER
TECLINOLOGCY NODE 180 nm 130 nm 100 nm

MPU Gate Length (nm) 140 120 100 85 &0 70 65 M

Equivalent physical oxide thickness 1.9-2.5 1.9-2.5 1.5-1.9 1.5-1.9 1.5-1.9 1.2-1.5

'Tm‘,{nm) [A]

Gate dielectric leakage at 100°C (nA/pm) 5 7 8 10 13 16

high-performance |B]

Gate dielectric leakage at 100°C (pAdum) 5 7 8 10 13 16

low power  |B]

Thickness control EQT (% 3a) [C] <t 4 <t 4 <t 4 <t4 <t4

Leffective control < 20% < 20% < 20% < 20% = 20%

Loqie da variation (nm) 14 12 8.5

(dense and isolated lines) D]

CD bias between dense and isolated lines [E] =15% = 15%

Minimum measurable gate dielectric remaining >0

(post gate etch clean) [F]

Sidewall spacer thickness (nm) T2-144 65-130

extension structure [G]

Sidewall spacer thickness (nm) - - - - - _— 20-40 M

elevated contact [H]

Sidewall spacer thickness (nm) - - - — - - —_ M

single drain [I]

Sidewall spacer thickness control (nm, 3a) =10% < 10% < 10% =10% =10% = 10% = 10% M

Gate electrode sheet Rs (1) []] 4-6 4-6 1-6

Gate electrode thickness [K] 140 120 100

Gate electrode resistivity (p-cm) [L] 70 60 50

Active poly doping to achieve 10% 2_2;.(1[}:0 2.2:1 lf':II 311 njn

GOx depletion  [M]

Silicide thickness (nm) [N] 55 45 40

Contact silicide sheet Rs (Q/o)  [0] 27 33 3.8

Contact maximum resistivity ({tcm’) [P] <3.0<10" [ <2.5:10" [ <2.0<10"

Maximum silicon consumption (nm) [Q] 36-70 32-60 26-50

Contact Xj (nm) [R] 75-145 65-125 55-105

Drain extension Xj (nm) [S] 42-70 36-60 30-50

Drain extension sheet resistance (L20) 350-800 | 310-760 | 2B0-730

Lateral abruptness for source extension 4.8 4.1 34

(nm/decade) [T]

Extension lateral abruptness (nm/decade) [U] 14 12 10 8.5 8 T 6.5 M

Potential: dopant variation—Position {nm) 15 10 10 <10 <8 <8 <7 M

Potential: dopant variation—Dose <10% <10% <9% <8% <T% <6% <5% M
{Halg) {Halo) {Halo)

Channel concentration for W depletion 2010 | 2.3<10" | 270" | 3.0x10" | 3.3x10" | 3.710" | 4.010" M

<lL (em ) [V]

Uniform channel concentration (cm ), “‘8'13 0.8- " 1.5~ s 1-5‘“ 1‘5_13 2‘5—13 2'5_111. M

for V.04 W] 1510 | 1.5:10" | 250" | 25210 | 2.5¢10" | 4.010" | 6.0¢10

Retrograde Channel Depth (nm)  [X] <21-35 | <18-30 | <15-25 | <12-22 <12-20 | =10-18 | <1017 M

Solutions Exist ]

Solutions Being Pursued [

Na Known Solutions | HE R
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Table 34b Thermal/ Thin Films, Gate Eich, and

Doping Technology Requirements for Logic—Long Term Needs

YeAR 2008 N 20id DRIVER

TECHNOLOGY NoDg 70 nm S0 nm 35 nm
MPU Gate Length (nm) 45 32 Er M
Equivalent physical oxide thickness T _(nm) [A] 0.8-1.2 0.6-0.8 0.5-0.6 M
Gate dielectric leakage at 100°C (nASpm) 40 a0 160 M
high-performance [B]
Gate dielectric leakage at 100°C (pAfpum) low power  [B] a0 160 M
Thickness control EQT (% 3a) [C] M
Leffective control M
LRM Jo variation inm) {dense and isolated lines) [D] M
CD hias between dense and isolated lines  [E] M
Minimum measurable gate dielectric remaining M
(post gate etch clean) [F]
Sidewall spacer thickness (nm) extension structure [(5] M
Sidewall spacer thickness {(nm) elevated contact [H] M
Sidewall spacer thickness (nm) single drain [I] M
Sidewall spacer thickness control (nm, 3a) M
Gate electrode sheet Rs (o) [J] 4-6 M
Gate electrode thickness [K] 45 32 M
Gate electrode resistivity (pf2-cm) [L] 23 16 M
Active poly doping to achieve 105 Gox depletion  [M)] 5 410%" 7.310"" M
Silicide thickness (nm) [MN] 20 15 M
Contact silicide sheet Rs (£¥o)  [()] 7.5 10.0 M
Contact maximum resistivity {£2 -::mzj |F] < 5.{]:.-:104 < 2.5.:=-=:.1'Il]'ﬂ M
Maximum silicon consumption (nm)  [Q)] 14-26 10-19 M
Contact Xj (nm) [R] [ 30-55 [T M
Drain extension Xj (nm) [5] 16-26 11-19 M
Drain extension sheet resistance (£4'0) 150-525 120-450 M
Lateral abruptness for source extension (nm/decade) [T] 1.25 0.8 0.5 M
Extension lateral abruptness (nm/decade) [U] 4.5 32 2.2 M
Potential: dopant variation—position (nm) =<5 <4 <3 M
Potential: dopant variation—dose 5.0:10" 3.0:10" 2 0107 M
Channel concentration for Wdepletion {i._l:.;.;1|:,ﬂ 1_4>.<1um 3,‘><1(]"'E M
<UL, (em ) [V]
Uniform.. channel conc. (cm ), for V=04 [W] 4.0-9.0<10"[0.9-1.5x10""| 1.5-2.5<10" M
Retrograde channel depth (nm/decade) [X] <813 = 5-10 =4-8 M

Solutions Exist ]

N

[A] ZOfE X, FERLEMIE AR IS EH 72095

ASS

Solutions Being Pursued 1

No Known Solutions | N

BN RREERBEICBTF ERFAOE

RIE 2R $HOT, IRLEMOL BLE AT E XN RAERIEICL->TROOND,

[B]

- 2L

NIRE, ZOV—I 8T, TavAA LT —arDE (F 28) ICHHEIR TOINTIIAZD
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[C]

(D]

[E]

[F]

[G]

(H]

(1]

[J]
(K]

(L]

[M]

[N]

(O]

[P]

7V =B (T =R =7y L) LRI THD, ZOBEEIL, T AR ERERND
100 CIZRDET NAADY T AL v ak— VR =I5 Gy LEEA U — 7Rk 43 23 100 £5 128 5
LETRINDTDTHD, 2O =N —271%, B OR/MNT SAATHUEINDGLD T, ZDA
Ny ZIFBTDRTL D REDNAT A5 a“foczb% Vs=Vd~0 TVg=Vdd D Vg=Vs=
0 T Vd=Vdd O ICHE S5,

2%k 18 & A,

Ty F U T HEM AL, TR T ASAAAEE KT THENHETHD, 2T,
F%’E"J@MOS%E%W\HEL’CU\%) tH L. replacement gate DI OEFIL BN H LI
o TEREGA AR TRBT2HEMITE I E o220,

CD @ 10%&EVHEIX. VYT T7T7 4, moF o7 LI BEHEALTZLOTHD, &
OF LTI DOE G EX BT HZETIT o TR, CD Hl# o HEEEZZE R T 572012, VY
T4y F U T OME PO ETDHIENROLILTND

T—=bryF V= DBITNLKENDT —MERKIE 3K > TV H NI THD, #ix Kk
WT o /may— ) —RaRHTLICEDNICHE > TIT<D T, 2O &Mk £ CF Lsw
DTy F T VATLADRR N EERTDONET ETIHEIZ/RD, N2 T, M THEE WS — R
R B OFR VIR E 25 LT TEDFBED N E LR D,

0.94x (MPU OMER 27— E) THHALZIMEAREIZH LT, FART 4+ — L AR —HE
=0.94x (MPU O# 1727 —hg) ThHD, (£33%FEE OFPH) 2% %M1, A.Srivastava
and C.M.Osburn O 7 — M 244G 95 0.1umPMOSFET O & i 1k 12 S5 &
fim 119 ICHDIE s I k> TR I,

P ART F— N AR —HE = (R — L ZAL—HE =0.94x (MPU OW 27— E),
(+33%F& & D[ )

P AR o — L R [ $t@z7><7//a/#§/\ﬁé@ 1/2, (£33%FRJE DOHiPH) ; A
—HDOFOZIAT v arES O/ ML N FFE 5012 ITND,

JEE S B ) 12 &<,
TAXRIRZEEL T MPU OWBEK 2y — ELLT-,

v—MEHUE ERE R R AE CESE) 205 ; 22T, 100nm /— R LB TIIAZ LV — R by
HERE LT,

B BEBFELTS = MOZGEOERICE SCOANVIRILET NVICLARI Va L 7F—r gL D
FHEE,

VA HBEICLDa L ZIMEHLERE DO EH 2R T 5720 YUV AREE T2 278 Xj O 1/2
LLFIZ3 %,

VI AROY—MEPHL I PIEEZ 15 1 Q-cm &L7-, TiSi2 F7-1% CoSi2 IZHH Y,

Uav IV ARREOR Kar 27 MEHUE, b=V FE R < T A XK HL(Vdd/Isat)
b, FABRPERZZHAE TI212DICAT LR — 0T 5,
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Q] Y VariHE &%, CoSi2 MDA D, AV U ARIEIE /a4 E & 0.97 2 W
72

[R] 2o #2718 Xj = 0.8 XA TA UM (£33%)ELT-, BHAMN URIZE S, +XTOEA
X7 —ME& B Va s R EE x=0 L TE#R T 5,

[S] Fa D Xj=0.4XIMTTAME(E25%),

[T] A7V yRY—MIRLE, REIEIL~DAT LT A TP OB N LE WY — 2R A
BEAOEIBIER,

[U] Fy xR ARHY o34 O &R S, nm/decade AL T, F—E 7R E=0.1%* N7 11§
(nm) DKM, FLTF v FAE R INOOERITE S,

V] ZZREE<1/4XalyI"—T7yF (X 5-5TE 52 DRV AL IRAT U va g,

(W] Vt=0.4 25 22¥) — KRR E, &1 HFNHELCEFT YRV RICIDR T v v /L
RIFFHBIZIEBEL WV, ZRODO R IZAEWICH T2 mIcH 5, Vt=0.4 ORE
XY — 7B OB RGN LW Al MRS D, V=B OB R LA, K FLEEIR
BIEICKH L THFRTEROEWLEWMELZE R T25 615, RERMREbEIIEEZT, S
BT, MIRE T v RNV A MBI LD ELICEDR L A B~ DR EH KX,

X] HF ¥RV ROBEOTZDIT, LRI L —RU= LT a7y F 0.5 X (RbAfr I AT v
AVTRE) LU TF TR IEmBn,

—FNEMLERFROAT =V X L TCEE B THD, Rar 04 FILHICEDTF v v
DA —FR =7 RRIYar D22 ZALICE>THOWIEZT a7 VR =7 R Va7 —hE bk
b el s, RIRHL S —FEMM EHI A ONDIDICE MM E LV DX, BIEDLEZA
REENTEBLT . REBEMEZEHLEMBOL-DIITEEHEOH Y Z2E T 5,

., LR, ZLT CMOS FutRED B VN B LW B O 125§ 5% — 35 A
—2&72%, CMOS 7rEBALOH M TERINLIDIL, A TRRRLEVEEEZG 57201
PMOS ENMOSENENDR T VAZ O — NEMIZHEHIND, BlpoloF —NEMM B TH D,
T 7205 PMOS ho o AZ Iy Var O E A T ic7 = AL~ r3HY, NMOS h TP AH
TV ar OEER AT 7 VIVLNARHLME Thd, v —METLZRF 37254, B

cladded gate RN L E LD, DED, F—NEBROFTLEDOLFEKEZELT-O _3,73’%%{2120)3%@
EaHWSh, ZO EOBIZY —hEm RO —MEHZ T 5701 HWONA/E TH D, 1
BRBREL I SO FTEMANAAT AR 2 VAT AL WO ND THAIIY R vy 7 7 23
VAU BHWONDIIRT 2T Vv 7var7AY L — T PRAZNZE TN, 77— NE O
R RS T 9240 3 0 R R W] RE R Al H AT 1R R— T RU VAR — R A&y 7 F721F Si-Ge &7 — 3z
Fonsd, GVarEERE TROND) T — MR OR L Ye B W U X, (55 B 5 4
FVBENZ T H720ZE F—=7 RV ar oz m b b BRHLHD T, 7 — MO AR
VR LIENITIZE DO TEETHD,

CMOS f &2t 2R i g L i B RM B L TH LW — FEmAM B O — K Eid, £
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L DERER T IV TR O THBERBEREZF D, M &0 KO B R OBZ EMEIL, 77— NE K
BRICH VDL MR W) 7248 5 T BV B LT 43 TRV, TREDH LW B2 8 A
HZENWZE0EEE T R H BVILER IR FE A2 B T IF A7) replacement gate DXHIZ —hAX YT T
REBEATER LEDOIEFZANEZLFZRERIEIND, ZNHDOT LT, fE TR EEHESAH
L.EAREETS— NI EOBERINDEDDLZEIZIDT AAAERBRLEEMEICHRWEERERITT Th
59, 2005 — M A B OEFLITH TDIA B H DM R rl REMEM ST, W & WN DX
SREENEFRILCERBROIAEMELEN NWDLZETHD, £OTHILITL-T, Bl KIS IZEY /P
EI"J WZ& B NEDILE M ERD, Ve AW ILIE, NMOS X° PMOS 7 /3 A AD 1 )5 &8 357=
WM ELD a2 & bbb,

PART 4 — VAR —=H(F, BV TTIA LAV R =R MEE T ER ST LD T
2 A TR — Y —RIRVAVHI A G BET 272D ICb 0o Tnd, $ AR 4+ — LA —4
DM AMEDRT =&Y =RV A DA I MEEEED TR EALZRE 5, YARY +— /L AN
— I BRAICHERE LB L, AU Va0 2@, HEFE S Var EEZEL T, 2RO OH
HOHELTHVWLONTEE, IN6DO TR T, D elEb i %, L X—F /) —X/FL AU &N
FHONDROG| EHEEONDITHH), VT NVRL A 2L R— M Tl %7 4 B 51 KB 2 il 8
T DO AR T A — VEE S 5-10nm THEHIEDIENNT, 7 — Mt kg B 2 D15 F8 M 0 %2 78 M
DMLFERD, K 20nm BLF CHOEHR B ORI CEZ b Var OB X F v /L KX
VU AR T BRI SN REIC K B 255 B Lo 9<70d, U @Ol (0 1%, Bk ik X
VIR WVWREMETHL, LOLRRE, JVR W AR 4 — L AR —H % 5 37222258 5
DLETHD,

BULTRIN —C 7 i OB, BB T 0T s AVERE T AL, R SN OB BB
OB T a2k T 2EHM ZL TTRLR AT T NAZRME R I BT ohEar b — T
57k Ci%, FEOL 0 BULTR 17 o AL X 35 M ot o] 48 0 B0 2 B0 19 1277 7,

obooboooooobooobognD 199900



First Year of IC Production

1999 2002 20035 2008 2011 2014

GATE DIELECTRIC

Oxide extensions
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Medium « {10=-20} (amorphous)

Unary oxides
Silicates

High x (=20)
Amomphous
Single crystal

INTERFACIAL LAYER FOR
GATE DIELECTRIC

Oxide extensions

Oxynitride, Mitride

Other

Alternate dislectric directly on Si

Tools and methads for diglectrics

Process for infegration of dielectric
GATE ELECTRODE

Poly-Gate

Silicides on Poly

Silicides on Poly Si-Gze
Dual metal gate

Metal 1 for NMOS (dy = E )

Metal 2 for PMOS (dy = E )

Tools and methods tor electrodes

Mew Structures for gate electrides

Mitride Dxide

Nitride/Oxide or m,-mu‘ue Stack

Other: Al,O; . . .

Ta,0,, Tidy, Zr0, HIO,, Y,0,, LaID:

(25, HA, La, Ti, . . .} -Si0,

LaAlD., ZrTi0,, {Zv, Sn) TIO, SeZr0,

LaAL D, BaZr,, ¥,0, La 0, ...

%
Oxide/Nitrided Oxide /}br
Oxynitride, Nitride O
Other: ALD, . .. | %&
Direct Dielectric Directly on Si |
Furnace, RPECVD, RTCVD, JVD, MBE, inorganic and organic sources, alc. |

Replacemeant Gate |

CaSiZ, NiSi on Poly

LU B Poly SiGe (B); other|Germinidds on Poly SiGe

Ta, Zr, HE, Ti, M3i,, “'l,, wan |

TaN, WN, P, Ir, Ni, =28 EUS “'l,.|

CWD, Sputtering, Clustered with Dislectric, inorganic and organic sources, m.{. .

Double Gate {301)

Vertical Transistors l

N Fecearch Required

This legend indicates th

[ Development Underway

& lime during which ressarch, development, and qualificaliondpre-produclion should be taking place Tor the solulion

[ Gualification!Pre-Production

Figure 19 Thermal Thin Films Potential Solutions
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First Year of IC Production 1999 2002 2005 2008 2011 2014
DRAM 172 Pitsh 180 nem 130 am 100 nim T nm &0 nm 3% nm
MPU Gate Length 140 nen &5 nm 5 nm 45 nm 3lnm 2 nm

SHALLOW JUNCTION

Low Energy kon implantation |
lon doping
Plasma Doping |
Undoped -2 Doped Salective | |
Low rasistance | MEE / ALE '
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tharmal doping |

Other, such as PGILD, Sodid Phase or Gas Phase

Rapid Thermal => Spike

ACTIVATION OF P— ]
ION DOPING = i
| othor Wicrowave, Ebea, i sits [
sumlp-usnm,n,lsu. Hi
Selective Deposied Silicl]
CONTACT Saerificial Layer Siliciding

Selective Deposited Melal

Laser Silicide Formation

Conventional F‘nl+:|r
DEVICE STRUCTURE | Raised | Recessed Ehannel
—
Alternate Devics Structures: Deposited Structures |
DEFECT :
ENGINEERING Defect and Swrface Engineering and Model Development for Doping |
Mormal Channel knglant
CHAMNNEL Super Sleep Retrograde Channel
NGNESRNG T
Alternate, such as Fully Depleted 201, Epitaxial Surround |
I Feosoorch Reguired [ pevelopment Underway [ aualificationPre- Produstion
This legend indicales the Gme during which ressarch, deselopmen, and qualficaion'pre-production shoukd be Laking placs far the salulion.

Figure 20 Doping FPotential Solutions
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First Year of IC Production 1999 2002 2005 2008 2011 2014

DRAM 12 Pitch 180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
MPA Gate Length 140 nm 85 nm &5 nm 45 nm 32 nm 22 nm
GATE ETCH

| cr \A
|

High density plasma | IcP

| Helicon

S
| we.oe |
oo BRI I/
ENN

Future etches

_ Research Required | EFEEEEE | Development Underway = Qualification/Pre-Production

Thiz legend indicates the time during which research, development, and qualification'pre-production should be faking place for the solution

Figure 21 Front End Etch Potential Solutions

DRAM RFy7F %/ 7

DRAM Fx /N ZH T, T MERIZ AT v S A NS v /33 28 ik~ O 4 k&
ADJREZIZ TWDH, £ 35 I DRAM ODAZ Y 7X xR 2Tkt 308 E R4~ 7, DRAM
DAY AXIZE GV —/V Ll E O3 B THOEAE DB TEHEY, 180nm A TIXHVIRLE Y
TA BN E O /NEFE CThHD 8F 2 (F @ &/ L5 (minimum feature size) )IZiE T 5H&
ZA6N5, 2 LT DRAM OZ EBEDOMER LY 7 b T —if M4 — B IR D7D, Fr8
PEDE EAEIE 25fF/cell(Bv) E—EIHRBHBEITONIEMEL THEEMEITFI RSN TS,
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YEAR 1999 2002 2005 2008 2011 2014
TECHNOLOGY NODE 180 mm 130 mm 100 mm FO0 rm A0 mm 35 nm
DRAM capacity [A] 1G (3G) (8G) (24G) 64G (192G)
Cell arealchip size 69.6% 70.7% 71.7% 72.4% 72.9% 73.3%
Tatal cell area (Emil 2.8 3.3 3.8 4.5 5.2 6.3
DRAM chip size at introduction (El'tlzJ 4.0 4.6 5.3 6.3 71 8.6
Cell size factor "a” [B] 8.0 6.0 3.6 3.0 25
Cell size [_urr12J 1] 0.26 0.10 0.018 0.0075 0.0031
=0.360.72 | =0.26=0.39 =0.14x0.13 =0.1<0.08 =0.07x0.04
Storage node size [pmz] D] 0.097 0.034 0.0039 0.0013 0.0003
=0.18:0.54 | =0.13=0.26 =0.07=0.06 =0.05:0.03 =0.035:0.01
Capacitor Cylinder Peﬂf;tal Pedestal | Pedestal MGCLCEE BN CEE
- Structure MIS MIM MIM MIM MM
- Dielectric material Ta,0,
Ta.O - BST epi-BST
.0 [Note U] 77 77
Dielectric constant 22 50 [Note U] 250 700 1500 1500
SN height H [pm] 0.95 0.84 0.71 0.42 0.28 0.35
Cylinder factor [E] 1.5 1.0 1.0 1.0 1.0 1.0
Roughness factor 1.0 1.0 1.0 1.0 1.0 1.0
Total capacitor area [_u|1:12] 2.20 0.69 0.32 0.11 0.04 0.031
Structural coefficient  [F] 8.5 6.8
tm at 25fF [nm] [G] 3.0 0.95
t oy At 25fF [nm] [H] 11.5 12.2
AR of SN (OUT) for cell plate deposition  [I] 6.0 8.0
HAC diameter [um] [J] 0.22 0.16 0.12 0.08 0.06 0.04
Total Lnte_rle'vel insulator and metal thickness 1.05 0.95 0.85 0.77 0.69 0.62
except SN [um| [K]
HAC depth [um] [L] 2.00 1.79 1.56 1.19 0.97 0.97
HAC AR 9.3 11.4 13.0
V([c] ['\'."I lMJ 1.3 1-5 1-2
Retention time [ms] [N] 128 256 512
Leak current [fA/cell] 0] 0.527 0.220 0.088
Leak current density (ru\fcmil 24.0 319 271

# 35 DRAM R& v 73 XU H A6 45 H i fg 22k
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Year 1999 2002 2005 2008

2001 2014

TECHNOLOCY NODE 180 nim 130 nim 100 nm A0 i 50 rim 35 nm
Leak current density {nA/cm’) 24.0 N9 271 30.0 25.4 14.8
Deposition temperature [*C] ~ 500 ~ 500 < 500 < 500 m

Film anneal temperature [*C] ~ 800 ~ T80 < 750 < G50 < G50

DRAM Gox [nm| [P] 6 5 4
) 16 18 =17

C,. [Fleell] [0 1.9=10 1.2x10 8.6x10
Wordline Rs  [{¥g] [R] 10 8.3 6.7

it 1S) 1 0.79 0.62

Bitline Rs [0 [T] 10 8.8 9.0

Solutions Exist ] Selutions Being Pursued 1 No Known Selutions | R

% 35 DRAM AX o7 F /30 ZH A6 458047 B sk (e &)

# 35 DRAM DOAX v 7 /3 ZIZxb T HE K DOIFER

[A]
[B]
[C]
[D]
[E]
[F]
[G]
[H]
(1]

[J]

(K]
(L]
[M]
[N]

[O]

[P]

(Q]
[R]

[S]

DRAM chip size model (PIDS)

a = (Cell size)/F~2 (F : f&/NBIR )

Cell size = a*F*2 (k& EiN =2F)

SN size =(a/2 -1)*F*2 (FHEME L = F)

VUV EEE R ST SEA Ty VAT 1.6 51275,

SC = (total Capa area) / (Cell size) SC: &% %

teq=3.9*EO0*(total Capa area)/25fF

t phy. = teq*Er/3.9 t phy. =(teq-1)*Er/3.9 ZEME MRV Va2 H W54,
A/R of SN (OUT) = (SN height) / (F - 2* t phy.) &£ E MDA DT AXTR
HAC diameter =1.2*F (HAC : High Aspect Contact)

J& [ B D52 2 180nm H AT 1.05 p m LI 45 AT 10%# BEL 3 5.

HAC & = SN @& + JF fH I & d s J&

PIDS Table 14 Min. Logic Vdd (V) (desktop)

DRAM Retention time (PIDS)

(Sense Limit*C*Vdd/2) / (Retention Time * MARGIN)
(B AT T DORAEZEM DN 30%)—I LIzl ~—T 0% 100 5 E5.)

FEP Table 22A Equivalent oxide thickness Tox(nm) DRAM
Gate Area =F"2

U—R# D Rs % 180nm H#{t T 10ohm/sq. & EL. (Word Line R)*(Cgate)» £ 1%
RV —KBREST—ELTD.

By hRAE EIL Fr2/3 1235, ; A.Nitayama et al., IEDM Technical Digest, pp.
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355-358, 1998.

[T] Ev MR Rs 2 180nm /% T 10o0hm/sq. & EL. (Bit Line R)*(Cbitline) Bt v hRIZD
SEANKEMA 1.4 B2 THL—ELETD

[U] Koichi Kishiro et al. Jpn. J. Appl. Phys. Vol. 37 (1998) pp. 1336-1339

F

Cell area
F
SN I “ “

(0 Cell area and Projected SN area (Fh AR of SN ((0IT

CNETAHTE Y MER TIEF v RO ZORF EMEE M BT Si02/Si3N4 AR Z MW, FHEA &
B EL 3 Wtk T2 CIORBEZMFLTEZ, LOLARAD, 180nm A TIXZhHD S
ECH LA BEARMETIZENNEELRD, ZORDICEBHEBEIELL T, H -/ E 5 E A
BEAMASHIED S, ETHFHEE RN 50 RJE D Ta205 BN ASND, EHEMEL TR RBYDO
RIVarPRnbniga, EmiEiEL =Roofb 7258 B EIZRENEDD Ta205 D% 1l 4L
BIF ISR ISV ar BILENR R 7228 K0 ENO R FERIL 22 BE A T5, — 7.
HEEMIZ Ru X Pt REDE B WONTSE | ZOF i AL E O I £ 23727252, L Ta205
D& da B A PEDN A 35281k 50 L EOWFEEREZGLIENTED, 207D, 130nm LT
I MIM(& & - Mk i - & B E N A Shih o b, K 22 B,

130nm A T, ifif et O &35 B AR &2 B <5722 E 2 Pt. Ru, Ru02,
IrO2 D& B X X RBBILYBRHIN GO DL, 7 AF O —< /L3 = (thermal
budget) DB S BT, Fr U HEEEDZNLONEIL CVD &AL T2 500°CH E OKIR T
WREIND, LLenb%BAL IR EIZC NIV SR Thod, Ev MM EHZE R 2B WD
NEGEITZDOEEZE 650CRIEFTFIF ML ENRDD,

AR ZLITEE L DX Y XA DY — I E i O FE R EZT 72972012, 2O XK WIRE T & b
BIRBEEE R TH57 08 RAEl B THIENKRT YL VERRD, Flo. X2 R AD T T~
FA—URBE T HEBHRA T eARNGmFERK 2L LI TR T AR N ERIND,

100nm A% TiL, FFEE M HAC (high aspect contact hole)dD 7 AT LB K& 257
DI HFERN2B0FLELH W BSTEOEFEARM BN NLELRD,

*7-.100nm CABE A TIE, Y72 DRAM Fv 7 A X% 8oL+ 54, BH A X% 5FA2
L FICTHNENHD, 2074 —T 2 EvbTAf L, JaARA L AL LATURNEIIE O LA
M FETHLRLELERDTHA D,

70nm OMALTIE, SHICFHFEEROE VY BST X% v /LB O LB O F 58 B 38 23 2
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BLEZOND, LIPLRDBD, L%Ewotétcmmaaﬂiﬂﬁﬁﬂoﬁﬂﬁ%ﬁ TR L TH AR IR R 1%
DEBBEMOTAXRINEN EHEME R T EADBRRAEB 2 v 3025k CTx/ b
’EE'TE#?E?%%%L’@\ZDOZC_“C“\MH\7D“EXE’W£7’7D~%U\% CEMINEM &SGR
TALBNLDIIBHH L NWT NAAEENREN DL ERH D

50nm AL THy /RO ZPEIC LR35 E R 1X 1500 L E LTINS, BLFE . DRAM (23 )i~ T
ZOEBEOE T EROMEHI B SN TV, “super high k™% £F 28 8 0 70| & 8 (K4 B
DEFEFIZ. BB BEERLH VT DRAM AR LONHLERDH D,

70nm HACLIFE, B DY =7 ERMIFIELE OO WD) T yvarBR N R 7ER->TnW5, =
O R TITERY— VB RN T var Rl Z2 Bl +T58912705858 2640, SOI £ EH W=
DRAM %% 2 725 U720 imb Ly,

— 7. DRAM ZIR# L7z SoC ICERINLH T BA LR IL, AEV/aY Y7 OREKICEV R -
TLD FXNVHAREBEA~OERIIIA DRAM 1ZEICITEI LW EE 2615, SoC IZBITHKRTF
YLD —DF, arFIMNRE— VIR ThDH, —MKIZ, DRAM Do Z 7 aR— LS, [ AR
DuPy 7L NRTE LIRS, AR T AT N K ZRET D70 R — VR EIERESD25 720,
ZACERY, AR eYy 7 ER R MYy FEEBTHIENREE LD, LIcB> T, mnoy a2 E )k
SHT7Z SoC T, A F I DT AT MNEA KRB IE L0, B/VEHEOIEKRIZEDF vy S FE %
MZDRED T RBYLEIZ/>TD, — 5, DRAM % &% 7= SoC TlX, DRAM OFR—/L£IC
JIGCTeaYy 7 ORME y F 2R ELRTIE RS0, 2O —RF 72 BLEAI T 5729 121%, LA
DRAM UL EICk B R0 F RARKEE DT l/*—ﬁxﬂﬂ—(breakthrough)ﬁ)ﬂ?bf)%ﬂ’béo

Year 1999 2002 2005 2008 2011 2014
Technology Node 180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
Upper poly-Si TION
Electrode (A) TiN metal

Highx ON

Dielectric TaEO5 BST, STO Epi-BST super high «
Bottom

Electrode (A,B) [ poly-Si metal perovskite tbd

Al Metal . W FL Ru, RuO, Ir0),

, _ 30
(Bl Perovskite : Sriull,

O 220 DRAMOCOOOOCCOCDOOOOCODOOC
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DRAM hL o FFx/30 %

# 36 IZ DRAM OrL o FHr XU MR 30 K2R3, £ BUE ITF v v X DR & E N
35fF/cell(t/V) L—EBICRLHITONDEMEL THAE SN TS, 100nm & & Te it ETlE, K
VT X\ UAEMITE R BYVO NOFEARBEDORr —U 7 LR MV K% O m il O L RKITE
STERTED, 77 RL— L OFE /NI 100nm X TIERL TR IZK AR FHERSOT
AR RHIE~60 FEEITH K358 B 2605, #7o7e high-k A BHE 70nm AR E Tldw 22 v
ETRINTWD,

SoC IZxf L TIEF v S 2 B FICHL OIA DL F XX /30 2 H il Tid, DRAM &AL 7L
ALYy 7 A OERBEIR OB ENE LR, 207205 B R RO AZLVRIE DMLY 757 4
DB IR T OMBESESZENTED, Flo BONAT AT I IR — L ~DE RGBT D
TEMTEDL, MATHEANRNUVER T B BAR N T D AZE RS > THT O DT80, T30 H
B DA AT NANZLDT NAAMERE DL N ZDHZ LT,

FLWTF TV ARET NN D ENI AT 7 7B DR = 7L, L AT U4 DRAM &L=
VAVME R O XY — 8 O R ELZE R T 5, 21T, ERDPLO T L —F & DT P AZ DIt
FHWIToPAZ~DEEHZR T/ A BIEOE D m T AT MARIZ K 5% B 5 M i /)N
O EBEW®RTL, KKV I T T 4CEDE YR TAET—RIAEF 2 FHFOETO
DRAM H1i 1Z. TNENDAZXNLE Y F O2F THIESNLE G B 72 R R AX4F 21235,
FVNEIR BNV YA X T 772134 ERIELL E DRAM 2O L0ar v 7R METhHD, 20K
DIRAR A Y 72 HR B AT ef U CHBLAE MR IR0 HAL TVR WY,

Year 1999 2002 2005 2008 2011 2014

TECHNOLOGY NODE 180 nm 130 mm T rm 0 nm 50 nm 35 nm
Storage node area, top view [(DRAM % pitch) 1 2 2 2 <2 <2 <2
Trench structure conventional | bottled bottled bottled thd tbd
Trench area enhancement factor 1 1.5 2
Capacitor dielectric equivalent oxide thickness (nm) 4.5 3.5 3.2
Trench depth [um], (at 35{F) 6-T 5-6 5-6
Aspect ratio (trench depth/trench width) 30-40 40-45 50-60
Upper electrode Silicon Silicon Silicon
Dielectric material NO NO NO High « High « High «
Bottom electrode Silicon Silicon Silicon Silicon Metal Metal

Solutions Exist [ Selutions Being Pursued [ | No Known Selutions [

# 36 DRAM FL U FHy/80% Hiffi I ZER
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8—3—5 BRE-Z2 K (Environment, Safety, and Health: ESH)

FEOL(Front End of Line)”mtAiZE}%5 ESH Bd#E O & fH B 1L, 7 — M & E/E MR o7
D DFA BB FE . RIRE IR O B (Fr oK) Ol AFEH ~OW B (b PR fEBRPE O PR L
ZRMR, ZL T2 K #E L L UL PG OBEE ECHI AL E RPN R AL LT
ETHD, 100nm HMTZEL TENLLBE DO EATIZ LT 78 8 BE (2 D72d D CVD JRBE, Peid ik
TyFUTHALE ) X ESH OB 0D BT HERDHD,

ﬁiﬁE’JtﬁESH ME X FEOL 7V rEADT X TOBICEETLILDOTHD, L WEE H§#

— X AL FWEOE AR R KRICTHIOICT ez RK#EIL T2 THL LT ME
ﬁﬂ%yﬁ%@aﬁz% LhleoTT AL FMEOEN &, BEMOERE. AEMHEOKRE ., 2L T
FE RN T2EEOHE M NREE O THE 2RI TUTRERW, LB RLE] ’%@%fvﬂ:?%%@
AEFETDHEITE R DR L2003 %, HrLET OE NTERL T, 258 &5 120 2
TRAF—Z RO IENMLETHD, AT atv X T — Wi, L THER B M IT., =¥ —
HEME OB EAPOEEREIE CHD, MR OATo bR E CIo gAY —HEBEEZNETD
ZEMTEDLDT, FFICT == NLEE 24T 72> TR T ARV R BEICB W TR ERE R 2R L C
TRAFXF—HEZME T LI0ICTm A2 K #ELTL2IEN AR TH A, JlES N R F —
WHE T — XX, EEEEMOXKFTUBICE N DIEA), TRV =R EILZ A LI DHITITH
BB T E DB LR Db LAV, U = — B TR B S 7 b 5 36 0 08 il K A4l
T, LOVZ R =2 O LI E TG ok DA FELE & TN B LRDIEAD, TR
DRIV = N — LA TOZFLX—HEDORERM o2 EOTWDH, BLIRDOPER AT LDH
BZL TR RO i L35 & @ﬁtﬁ-?ﬁ&xﬁ‘/XTApmirmﬁz% IV —HEEZIMADZEN
AIRE LR DI2A9, IFEE RE LTI RE M D &> 2 M BB fin R M (1] 203, BT | I AR B A
S EMELE %Ewocb\&f“@ttixaﬁfﬁ:nzwﬂe DEREW OB T RRICE DK F), L — P K
E oRMEE)EFHREFBIZOWTHENLE THD, FFICEEBEA T AL IR E
ML, L et CTld, v=—E 2 (F712 300/450mm 7 =— N TDWT), VLBV ATTR
6:01/\’C:1:/1/:i‘/i“/7()\F'EﬁI?E’*J)f&%ﬁ?r%ﬁﬁﬁﬁéﬁ”b’(b\éﬁ)ﬁ%éﬁm\?_é%g#&)éo ESH o
COO LVARITHAANDY —VEFHA LT, 70t A% #E O 21770\ E28 M B3 5] EifL =
THRRMEOHLERMEEZHER THIEDMLETHD,

FKELFIZEL T, ESH ELTERITH LW RSN L P SMOFE A E, KoL ¥ —0
HWHRICER TOLENDD, 2005 4 LU H S 2 AT 58 M 238 2 8 L7 — M g I/ 88 i 12
SIS L T LW FIEPHWONDTEAD, K il /57 B 5 OB R 27RO TR 3 &K DE
B2z 72 e s, FEOL 7 et AL T O MK D 45-75% (CMP TR O#12k2) #1H
BL TS, ZOBMAKDIZEAET RTRIVAA THD, LeBo T, KEJRIRHEDOTDITIE, &V
BHEH)TRAKEDOICATLRERMBE T RETHL, LonL, VU AKOHIE &Y > AHE K O FF X
BEEL Ty, MAMICRKELTILERSD, B AKRENFEOR L EECHBEINDLIKD
HI &L CTRh R 22V A G L5 A LR e 09 72 e il fb L 72 KRl HE B Fs S22 d 5, L
L. Foe< e k0B K S Co gL — B 2R BEICST DRI E A HNETHD,
KL _LOFHEDEHRIT 52 —DOBBELBHM AV A7 VI ED 7 m' 275 e o fi R 7E %K
WAL T DO BLETHD,
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SOI Vx— O AT TEEHIE ., B4 K 22X —0F LY ESH BRLERZHD06 1L
NV, RKART72— " ~DOK17T(200—300mm. 300—450mm) 1%, i K =R LFX—DH &
PR EERNWIIRFEER OB ) NRENTVAR, RIINVINODOBEE KE2L 763759,

L@ T ERMEBHZOWTIEIME A REENEHR T2 LROME X LT e 2 iRtk
R T BN DD, FTLWT Y AR (Co, Ni, ) IZER THDAIREMENHY | T B
W a7 2 REREDPLETHL AW HEOE D =RT, G ROEERFTOLE R=1"vF
FROMBERE) TUETDIENTED, I AT EABLO A O R F —1H #HFF
ML T 2L ERDH D, H LW —E 7 H T OB - (b5 89 fa RS B L T 20 3 i3
LDUENDD, T AfERY T FBEF AL TRED ., T LVE)E . L —FIROE B AT
RHOERNTEAD,

TIAXw Ty FIZB W T N—7ral—R (PFC) Z W23 F57eb 7 v A i (b & 7 A fF A
hEm L (P27 eAP Oy F o A~OEBRB R OW L) BRI EIATROLEND D,
EMICIEPFCICEDLDIyF U AR AEMELTH PFCE R ASELRWVE D) 2 % T 540 5
WD, Fr LW —MEREM EHIZH LWy F U I HTARKLE THY, T H & R4 ke
WTO ESH ~D RSB B LRI TIARBARN,

5y T ESH # % #1H il D R A i
L& E R C M ELEHEFE 720 ESH F | - ESH WEL A TELT ot A0 A
57— N R N R & il - Tab A RO AL SRR L
7 — N AR A R “Pb HomME-AEREREOHD | - BB T4 B0 E ESH #F
& )& DR 4k i
AL FEE R oM k- - CVD % O HE 5 vE D BHZ > W T ESH
Fi & o B #if 1k
= cKFAbw, v A ofEH | © SDS (Sub-atmospheric/Safety
2 HIl 5 Delivery System, R XN D% FLE #
At EER S EOm Lk BHIW B SEIZH A RGEL T T4
B DA T ) OF A IR K
+ in-situ K EL W & BT LD 0 A & #i
cHEENRBEICLDIEBE AT F AR O
%&b 1k
% T AL R VA cRKE/IRAE TR EARZOEKR |« IT7AMF T o=y TPV R AR YE
() 72 BE fi7 W A BRI R TS W O VR
L EE B IC LA AR = AL LDk 5 3 Al R
D i U RAB RO B AT IE KL &
* KFIH B om Lk 2K
* TRLX—H O SRR LR R 1N i eV Al R )
8 K 15 A o 7 vk A G BRE O
1k
s IR OE AN, T IR
Ry bR EMEICLDIEEE OR LR
# 37 7unrhxURFubRICBITD ESH B 9 5 I8 L fif P 5 5
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57 B

ESH % ¥ 4 15

igf TR IR A% Al

TyFUTII) =T

*CVD Fyo "= —=27BL&
Wy F U F R T 5 B8R IE 1R
b DEENEH WHTZ(PFC %) 0
ik HY 8 R

*ESH MBla»biFEFL =y T
VT TADEAR

© ZROLX — T B O HI K

s TFxoNnN =)= Ty F T TRO

B EAIC KD PFC A A R 0w 1

« & COO @ PFC HIW - FHAHI AT LD

Bl %

* PFC D X957 H BRI B2 1k 20 ] O KR E W El

R EH S ESH B8 A58 £
TF T HAEF v NN =) —= Tk
RS

s THIMMEOE W TX ST VOB 3
s LWy F L H A0 ESH [ EE o B e

e

* PFC D X957 H BRI B2 1k %) ] O KR E W E

ARk E ST ESH 8L S b FLwn
HDP (H & S5 <) =T 7o
&

« HDP =y F ¥ — D= R/ X — 4 & D Hl 5
cHEFBICBTLI XA E O E &

i b

C T RTORE LRICBIL2HRZERSTO

L3 — 1 2

AP =T 4 T=TIT IV

SO0l Vx—rOHFEHIZED TR
K HI I 2h 2R o fi A

=/

T B H o E B Ak

S R

o O = — NER LB G R AL D ) BE M
CERETH —7ty=— O
W6 BE M

B FEOBR T oD i AL
S IRV — 2 SR D BT B A

NIRRT = — e i

TN R e LB R KU > R
D B

SRV = RO BB I B B AR

5 PR R D s HE

MEEZE R ELT OB AP T 2 —
Tk 7 DT80 DK HE <

< LR/ HE R O E & B AL
© AP O W E IS LD KRR B A O

Ik Ak

ZES Y A TP

cKEHEDO DWW AT EA

CHLVY LR
* U ATFE L ] O i Ak

I E T

# 37 7nur bRk RICET5H ESH 252 5 10 L fif I 0 e Al (2 &)

8—4 Fi¥

ZOEBEr =R~y L BT LM BT S AR E AR A ICH ) A< I ko CMOS &
=07 R EER DI EERMEIZLZ, 2005 Eif“ ZHJE 7 —ME A WD m S E R
T— Mk BRI ko )ar et Rl#l A TOM B ARELEATHZL0 FEOL 7
BEARICBLH R TR T OB B ORBETHL, TROEDOFHMEHI - ThZor—F
~o 7 TR RONTERE N OAr =V TR REESNDD D TIERWR FERDOEZAF L WT 3 A
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AEEORHEEDLETC2o0T 7 /0y — /) —ROEBNA[RELRDTEAH, EHIZ, ZOXH72FH LN
Varruat AW E TAMBZE ATAZEICED I B A E WA T IERNE S LR RO
A=V T BRI LV A DT SAATHOWONDH M G E AR fELR D259,

FLOEHERBELEZNICH IS T2FMIT DRAM OARN —U Xy /S0 X THMLETHDH, ZiLh
72LTlE DRAM DA —Y /) —REEEZAT =V 7 LT ZERTERN, RBICAEIDORS
=V %R T TOIZIE, BIEA WO TV AIE R OREJE X ¥ /S M TR SO EE &
B ZDHLNWAR — TRy XU NN LI B2 59,

K= 7128V T, 2006 FETOHB e —F~y 7T e TR SEIE 22 A H: 5 O B H

MBI TWD, £, av 27 MEG T a7 VR =7 DRI Va7 —hE 0 CTEVGE i
AR IR EIVIEFIZTE WVEEDOARMMIE L ZER THIZELMLETHD, ZNHD B Ak
SHALIE, SION AT — i &L TR A 722 8IC KB M B e 7 A XA — Y 7 O fk i A3
AREERD, BEMH =R~y TlE, TaT WALV — ERE2ZEEp EREBE Y — D
CMOS-LSIL IZ I T A —~ ARy h 7 a AT, @i EANMYIEELEZER Lol _—
FaZ I MEEDEBRNEHELRF YL VHE THD,

Ty FUTIZBWT RO TF YLV BIL CD (VT AT oA vay) OfE/Me &84k
(AZNT—hEE i ERM B ICL o TREEEIND, FEOL =y F U 7 EMfiORbEERT v
VYVHEHBIE, V=" BARARMILTHL CDOE Y —HEAZS SR ISRNEIICT L,
M EHC B W THO M ERBINMELIN TR REHZLHZETHD, MAT, T/ 2y TT7 X A0S
WA RN TP AS R Z R B 35 L THEIZ/R>TWIEA),

LTI N T, BB R T v L o DT % O/ —T 4 715 Y o0 315 9 i 8 R K 2 1K=
AR TEBALL T ZETHD, BEHMICIE, '{7‘5ﬁzg&§ﬂéﬂ@ﬁbb\m%§%$7 rexlL_—h
LB INEE LT NAAD CMOS TETHRAINAH 7oA T =7 7F ¥IZl A 358080 =
YhERTAZ AL LI TRFIEDOR BN TF YL DIl E £ b,

AR —T 47 <TUT b (starting materials)ICBITHF YL P B IL, fFRORKOET = —
TR aAMEAEZFEBL T2 THD, M2 T, ZHET Moore HIIZE-TIA L TE/MERE LA EMZ
Gl ERELFETDDICHELRDINBLNZN SOOI Y 2 — DI R FLWAY =T T ~T VT L
bF YL VHHE THD,

ULEDIIRM BT a2 ~OBE R FHBAKEH THHEISR DN TWD, LELINL T rEX
B R TRNOOE R FIEAZ LB 3 5I0%, KP/E LT8R T N A R 28R
G EEXEDE NEREIEDLTENMLETHD, ZIVULFRIZ SoC IZBWTEHEERTF YL VIH
HThb, SoC 2BV TiFrYy7/mr X7 v R 2AEY (DRAM, FeRAM, 77y =2%) /7 Fa
IRFIZDM DT NAZF M ZFE AL LR e s 3 I ICEMERT YL T bn, H LB %
SNHM BT m AL SoC 12 & 950 D TR TUTRLARV,

2008 SELLE DR n—RF~y 7 IZBWTAHI T ~on /T HlIZLDE, MOS MU P AZ DRy
VU TIIFERARE THAIN, ZTNICE-> TRIESND T AR IH SN EE K IC Fo 7
DERIEH 20l 2 T20bDTIERD1E5), A=V 7 ANT R AR W B IR IS KRS 208
ZDIEHY AR R R ETT v TNV DRy =Y Tk 3 72O I3 EFH oy e & o

obooboooooobooobognD 199900



TNRARZRRE T DR ERDHDIESHD, T RITH FE SN DM B O Mk LB ICI, L&D
TARAARFE P ENDEIR PR EIRNRDHZEL TRISH TND

fliam LT LW BT BB IR R ~DERRMIR TIER2WDR, WTFhicElinEesh
LD THAD, EXEFIT 20 AT B LA AR ORE M EZRKVH L Tz, Ll 20 i
FO DM AR ITITIRV DY, LW R AR NS LS D 283k T D, 3 LU R 5K 2 BR
FL WIS IE bW Ak Tnd, FEOL Vet AOMEBIZB W T, kD R&F vy
(23 A T AR M A e R R H TR LW R AM B LINDTEAH, REI Tk b= F v PIH H
XEBETXYL T RbOTHD, BLE A OOLIL T DM BT A AT EE AR W IR A3 S0 T
WBER, FILOM BT R zxixz bk b nsnb Ly,

IOFxL DN IET DL WERPODOBZ FIESH LW EE O B I TIAZD &
W77 a—F LN EEIND, ZOT-OIITEERN IR Z/MFEEBEOEBERG IR LEEINDTE
%50
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