Ja s hr R 7oA

=

7a xR A (FEP) Dur—R <~y 71 d, LSRRI T 2% (MOSFET) . DRAM (Dynamic
Random Access Memory) v/ % 77y = i AR RAM (FeRAM: ferroelectric RAM) 728 D7/ 3A A
ZRBWTRERU I L2 57 u B AD PRI ESR LRI R 2 H DO Td, ZOED ARYE, ET
DI TeT NAADF— L7257 b ROY = — NEUEEAT - AEHT DU T B RS R R S gk
R T 528 ThD, DT, Zor—R~vy 7 (32EE MR [fx 07t a7 aEAIc
BAL. DT VAL T 2= "\DHa 27 DOV Y ANE LR E T3 ATV D, BRIITITR O ATz
B -~7=, B1H MOSFET D7=8 DI AKX —F 427 <77 /L (Starting Materials) |, [ ZHELEE (Surface
Preparation) | , [ #Z\LER/ {5~ & A(Thermal/Thin Films) |, [\ N> F 32 747 BE(STI: Shallow Trench
Isolation) | B LN R —E> 7" (Doping) |, 7= FEP D7 FX~xwF 7 (Plasma Etching)] THD, HIZ,
(25 7Bl OV T DRAM /334 (DRAM Stack and Trench Capacitors) ], [ 77 2 A€V —
M (Flash Memory Gate Structure) ], [FeRAM Fif&7 /31 A (FeRAM Storage Devices) | D7 = AL/
IZOWTHF ML

AL QO TR R HR B SR SRR AR 2 OV COTllNE, 2o B amic iz sl <
5D, BIMTIER TRIORIL, FRTTERORORY, BT NV E2FEICLIZL DO Th D, 22 CRUTZ AR GAH
AIREMED B DRI DEEI OB % L3 27201 R U= O THY MO RFFEECBLIE D 8 2 [ (A1)
IZEERL TG, 2 CRUI RS S 7 7 e —F ThHAHLITE Z RN TN & 720, B
THHR R IR SR DS AR F DO IR R U TRODIL TS,

FEP [ZFHIHL 72U W ODDFEEIL, 2O —R~y 7 OMOTETHEY LT 51T D, FEP OHEAFHIZRIC
DIRMDIEHUET NAADVERE - EE D THNE, [T rERAA T 7L —vay | TR BRUWEE
(Process Integration, Devices, and Structures(PIDS))] DI /RSFLTND, HlCH KT BRMiEIED - D7
V—=V 7 R, L TF BRI AW T T A~y F 7 CMP (LR EE: Chemical
Mechanical Polish) DR#ZSHFIAIL, FLROREFHEBEM T 5728, [H#R (Interconnect) ] D FEIT ARSIV TYD
%, FEP LAthod 533723 BEf 9~ 2 RS, [0 F (Yield Enhancement) |, [FHH] (Metrology)) . [BR.
224 fEFE (Environment, Safety, & Health)|, €7 V7 & 32l — 3 (Modeling & Simulation) | DE

THRLB STV D, FEP 73 B O 8K T ~ O EAN B ERIX T 7 7 7 N AT 7L —2 a2 (Factory
Integration) | D F CRLIRIFL TS,
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A: Starting Material B: Isolation

C: Well Doping D: Channel Surface (Preparation)

E: Channel Doping and Channel Strain F: Gate Stack (Including Flash) and Spacer
G: Extension Junction and Halo H: Contacting Source/Drain Junction

I: Elevated Junction and Contacts J: Premetal Dielectric

K: DRAM Stack/Trench Capacitor & FERAM Storage

Figure55 Front End Processes Chapter Scope

PR 2 B AT R (DIFFICULT CHALLENGES)

7ar bR RAO EBEREIITHE(GRAND CHALLENGES) —
T A ADEEH L3R EHI R PRI D B R ~D 7 ar b R 7 e 2ADxf)G

NEEREESEIT MOSFET 7 S ARZN 952 &% L2 FREL T, A—7 DiEHI(Moore’s Law) T
EARREN TSI, ZHETITHIMBIDOIRNEE DAFEROBIRET S 2D FAFEBL T,
ZHUIBEHERNZHFT LN Y T T 7 4 Fiffie~ A7 74 LD AMPERS Oy F- 7 7 a AD B3 I2 &
DEED LN TET-EVZ D, ZNHDOX i TEER o AR OMRIC LD . 2 E TSRV HET
HEPETXAIANT ST b bbb T ZZHAE O, 7ar b R v 2O I35 FE T F /2L
720 ARSI T A AIMERE A IR SN D &7 > TG, ZORBETH o G B2 L1, a7
NP AR LR X XU H DG EF ChHDH LV LU B LS L OVRY S 2 SRR 725D IR
ZIBWSCH AL, ARG A LI I L WP EL OB AR LB o Te LV R TH D, 7 7S A AR
DI EHZHIRE DR E 22> TS,

TS ADBIHM D BHTHIIRS I TR, S Vary=— \)bihE-> TR 71— CMOS O
REHZRCATY DA — GRS ToZl AT _RTCOTa b ROM B 2=y N o A2/ 2 &
NEREND I 20T, EBIZ, 7L —F L7 CMOS IFEAELLIPNIZEASD NI IR0 D085 5, fi
HLLT, iEkEE ST MOSFET o7 L — 5247272 SOI (Silicon-on-Insulator) 7~/ A AKX/ N\—T ¢ 7 LA
EDOFFOT 2T N —h, vNVTF T =T NSAZD L7 T A A Z%ALi > T2 CMOS Hiffra A 7 4 i 4
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L2 U670, AT S A ZIZ-DU TS emerging research devices DFiCE &7 5, ZUHIEFITIUR
2008 FITITHEITHEBbD, ZNODIES ERFMAEHNIE T 5T v L o P EZNbOMEHT B 24
BRSO HIEIL, Table66 (2D T-7 m bl K7 e AD R EE 2 TR .07 —~ Th D,

MOSFET D% —RA% 7Ll FICHiE CRazx B3 AT, 222, KV EFHEROFH LT — Mk
MRS EEES LD, ZOERIT, 2005 FIHER T 5 THISILSS —RME: 65nm LA N MOSFET (ZBSiE#L
TLITRS 1999 OHITHGLNIZIV T, ZD/RIC, 65nm 77— AERk 35/ 37— =2 7 Hffas L, 2
BT 2001 RSN, SV BELT — MEREREHIE DR B OBEN I KT v 1
JVRERKIZ D | high-k DMLETRRFHINSEED LeoTz, A 972 high-k BB HERES L TODITH D)5
AR EHEMEORIEIL, CMOS A>T 7L —Yar OREE LB I, WEEIFZER ThD, Zhb
DOIERD 2007 FELAFNZAEFEIZ A TOKNEINNTEED LY, 2O, RS —MEBAMEHIHEE
[ZIZEDHIBRS L) — V BIRORFUCET D, - T, BB KL, v a— v RV RSl 57
DITHEAH IVELS T DREDBHLT X o RNV EDWHMETZ T 237 3 A AMERE W) EICf2 S Tuna, PIDS
TWG TSI FART /A ARG O F i b T, high-k #iEOB A% 2008 FFTEOEDINNT,
BENE KT v ARG DRI ST, 2008 121, A7 BEHEE N BRI A 7= 81X, high-k #Eizis
IHEVHE ) K OVEMERE IR LB L2 5 Th A, 77— MiERIEO A RS I, flz X7 L —F 7 3o
ANF =TT AR LS N D EFREC, F— 7 ENTR IS 27— M B 5 22
ZENETETOTODLWRBEE L85 R, EOAEEREEE R > 7T 27 W AZVT — Ry 2008 FEITITEL
FED CMOS B DB THEHT 27 VR —T RISV — N B &R DT DI B 72D,
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Table66a

Front End Processes Difficult Challenges—Near-term Years

Difficult Challenges > 32 nm

Summary of Issues

New gate stack processes and materials

Extension of oxynitride gate dielectric materials to < 1.0 nm EOT for high-performance MOSFETs, consistent
with device reliability requirements

Control of boron penetration from doped polysilicon gate electrodes while minimizing depletion of dual-doped
polysilicon electrodes

Introduction and process integration of high-k gate stack materials and processes for high-performance, low
operating and low standby power MOSFETs

CMOS integration of enhanced channel mobility in both NMOS and PMOS devices, using local and global
strained layers

Introduction of dual metal gate electrodes with appropriate work function

Control of silicon loss at spacer etch and gate etch needs to be much tighter on thin SOI and SiGe wafers, where
the total silicon thickness is 20—50 nm

Removal of high-k dielectric without loss of the underlying silicon, especially in the case of SOI or non planar
devices

Metrology issues associated with gate dielectric film thickness and gate stack electrical and materials
characterization

Critical dimension and effective channel
length (Lefr) control

Control of gate etch processes that yield a physical gate length that is considerably smaller than the feature size
printed in the resist, while maintaining <12% overall 3-sigma control of the combined lithography and etch
processes

Control of profile shape, edge roughness, line and space width for isolated as well as closely-spaced fine line
patterns

Control of self-aligned doping processes and thermal activation budgets to achieve Legrcontrol

Maintenance of CD and profile control throughout the transition to new gate stack materials and processes
CD and etch metrology

Site flatness to ensure effective lithographic printing

Introduction and CMOS integration of new
memory materials and processes

Development and introduction of very high-k DRAM capacitor dielectric layers

Migration of DRAM capacitor structures from silicon-insulator-metal to metal-insulator-metal
Integration and scaling of FeRAM ferroelectric materials

Scaling of Flash interpoly and tunnel dielectric layers may require high-x

Limited temperature stability of high-k and ferroelectric materials challenges

CMOS Integration

Surfaces and interfaces—structure,
composition, and contamination control

Contamination, composition, and structure control of channel/gate dielectric interface as well as gate
dielectric/gate electrode interface

Interface control for DRAM capacitor structures
Maintenance of surface and interface integrity through full-flow CMOS processing

Statistically significant characterization of surfaces having extremely low defect concentrations for starting
materials and pre-gate clean surfaces

Measurement of back surface particles at/near edge wafer edge (including bevel) has no solution
Measurement and understanding of clustering of particles needs significant data to define future specification

Little information associating back surface particles and the effect on yield

Scaled MOSFET dopant introduction and
control

Doping and activation processes to achieve shallow source/drain regions having parasitic resistance that is less
than ~17-33% of ideal channel resistance (=V4q/Ion)

Control of parasitic capacitance to achieve less than ~23-29% of gate capacitance, consistent with acceptable Ion
and minimum short channel effect

Achievement of activated dopant concentration greater than solid solubility in dual-doped polysilicon gate
electrodes

Formation of continuous self-aligned silicide contacts over shallow source and drain regions. Formation of

elevated junctions and silicides on FDSOI wafers

Metrology issues associated with 2D dopant profiling
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Table66b Front End Processes Difficult Challenges—Long-term Years

Difficult Challenges < 32 nm Summary of Issues

Continued scaling of planar CMOS devices Higher k gate dielectric materials including temperature constraints
Metal gate electrodes with appropriate work function

Sheet resistance of clad junctions

CD and Le¢r control

Chemical, electrical, and structural characterization

Introduction and CMOS integration of non-standard, | Devices are needed starting from 2011 and may be needed as early as 2007 (this is a backup for high-ic
double gate MOSFET devices materials and metal gates on standard CMOS)

Selection and characterization of optimum device types

CMOS integration with other devices, including planar MOSFETSs

Introduction, characterization, and production hardening of new FEP unit processes
Device and FEP process metrology

Increased funding of long term research

Introduction of strained silicon in the structural configuration for advanced non-classical CMOS

Starting silicon material alternatives greater than Need for future productivity enhancement dictates the requirement for a next generation, large silicon
300 mm diameter require the start of wafer substrate material

manufacturing development in year 2005 Historical trends suggest that the new starting material have nominally twice the area of present generation

substrates, e.g., 450 mm

Economies of the incumbent Czochralski crystal pulling, wafer slicing, and polishing processes are
questionable beyond 300 mm; research is required for a cost-effective substrate alternative to bulk
silicon

If 450 mm wafers are to become available for production in 2012 as currently forecasted, wafer
manufacturing is already behind schedule and must be implemented in 2005-2006

Enhanced coordination is required amongst Starting Materials, Factory Integration, Yield Enhancement and
the IRC to more effectively assess the anticipated onset of 450 mm use

New memory storage cells, storage devices, and Scaling of DRAM storage capacitor beyond 6F
memory architectures

Further scaling of Flash memory interpoly and tunnel oxide thickness
FeRAM storage cell scaling

Introduction of new memory types and storage concepts (Candidates—MRAM, phase-change memory for
2010, and single electron, molecular, nano-floating products beyond 2010)

Surface and interface structural, contamination, and | Achievement and maintenance of structural, chemical, and contamination control of surfaces and interfaces
compositional control that may be horizontally or vertically oriented relative to the chip surface

Metrology and characterization of surfaces that may be horizontally or vertically oriented relative to the chip
surface

Achievement of statistically significant characterization of surfaces and interfaces that may be horizontally or
vertically oriented relative to the chip surface

BCIEE Y ar Fr o R aE HNDE WS- FIEIZED  MBEESNDT NAAEHAE —RE RS
HEWIRESIL TS, Lol iR bIZiZ 7 L — T CMOS 7 /S A A% FEERED T 2.7 V7 — T 73 A
AR O UIFERZEZ TV —F T NSARTEEMZ DI EN BN/ ETRIEIND, ZNHDT /SAADE
MIZIHE, 737z Hiliid SOL H CREIRZ 120, 4 TN B DI~ VT 7 — T R ABUETH A,
7V CMOS 72BFE AT S A 2R E A~ E E WDV TOT 7V r—ar KOV To LSI fE TR

(ZEZD LI TRINTUIVR, ZORDIT, FEF TSR BN RICBEICREL THRIZA > T, kL
“Cﬁfﬁéﬁ’bé“/ﬂ‘)ﬂ‘kiﬁ%’)—é‘Fﬁ/\El’ﬂfoCT/*/fX’\lE%‘?ﬁ%iéc‘::%%&)ﬁ’Wi\ P SIVTEAR AR Mg T DA
HdrD,

High-k $EHIAZ 2 }e 'R F DRAM TERHSIV T D, DRAM AZ 7% /33 H 3 ES L
MIM(metal-insulator-metal i 15D/ S Z DBLEETHY | 2~3 TR FHEIEDF ¥/ N\ Z P ZIUTHES,
high-k #EHIT T3 o« ARV ORY U= g b AR S LB e D L Tl D, ATV 57
BPClX, TREFEE AR EHOIREEAM LD v XU 2 I SN A L1272 DL, FERAM X° MRAM (magnetic
RAM) N REAFESNDIINT0HZEL THISND, ZNOOSESERM B UED FIRIC T 52 LT EHE
MO R PR TH D, AT, AHZE(LAEY (PCM: Phase change memory)7 /3 AL LR LXiv> 2855,
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AR =T 4T = NPT VTV AR BICEI A DI 7 S ES FRER DT 2T
DLHHEDOMN, SOI HAREFRRICAIITHE X T ZEN RIS, ZIDHIXT X T FEP O 0| A7 —%7 7
FXYDOERZERT D, 20—~y 7 OHFNICHELT 5L TSN D EE SWE R F v Ui, )
T 450 mm U= BRIV I 2D L TH D, 22T, B OY = — NEHAEL O F A a2 AR F<
WHARANER T =V T TEBDEINITEE TH D, ZOFEMD SNz 7207 SOL 72D, £ LT,
BV PEHEREM L T EEESILD DG BRI T D, BRI 2012 4127 /A APEEI A
L&HETDR0IE, ZOF LB N EART T O H L1785 9 ITHD DL ENR B D,

LT a  hm RMEIOE AL, 7ar b ROI)—=0 7 7 av A ZE R B2 5 ThHhAH, AT,
PR E L= T AR, FTFET v rvu—ffiElenl TSI, BB EIORRE KR ORET 7 RAICH LT,
FoT L EDRNWI) == T T a B AR E L2 D, Fo, BASIND THAIHU L LT28 T S A AL —
=UTICHKRILTET ETHWEEERD, ZOZ BT EHEND ) —=0 7 T av A0 ) —=7 J1% i+
HZEITI2DHTHA), DRAM AH 73 /30 B NN o T/ SUSREIE ClE, 7 AT R RL, 20
72O ART 4 — IV OIBEGER BT T T T WEHEL 25 TH A,

MOSFET ®7%—h<> DRAM OU—RfREE Y MNRO XA 72BN T2 S by Fo 7 7 a2 AL, CD
(Critical Dimension) 0T 1> 7 07 7 A NVJGR DAL ha— L) 5 CH | XX N e iz g | Xk 2 L
TWD, Ty F U T HIRIZE ST, 74 NP ANII RS- SHEZ B A D72 N T4 3 5101270 DI fE-
T, INHORMEIT XN /2 n L TSI, =y T U7 OFEI Tk 55512, FEP, VY7571, PIDS &N
7 ¥ A2 TWG (Technology Working Group) D HE 2 W RIMEHE, [F—OWE —NRAZERN T 5721
3, IV —hEERELE D=y T V7 NV T EE KRELSTHIEEfEfmE LT, 2T, Wy — R IES
DEL RUETHEMSI, =T L7 eV T T7 4 TRV EBE T 52T, Ly RT Uy 7 OREE 2~3
AR L T, 7 —FAZ I ~DOFMEBE N ZZNSDTF YL P OREZIEZ HERDIL TS,

FTLVELOE AL, Sa R —T LR LT 2720 D HIEZE /25T v L o Dhii L v REns, I
WL, IR LN A E BT Do IO EISRRS - BRI IR T 720 T high-k A4EHT
RONDHIRE NI BV R EMIL, R— U NEHLIZEE T2 —~ b RV oy MEHT- R BR R A < D &
THEND, FEOT VAT, RSO EIOE AN CMOS 7' AR B/ EE RIE 281272
Do

BRI L OB SRl

ARE—F A TT YTV

BHTER — Table67a BLUN67b 1%, DRAM D XH7e @ EREATY, ElEfE MPU & OY ASIC &£ D
IZFEAESNDY = — N ZBAL T, Y=\ A=A B EGET 8 Z THILIZH O THD, ZIHDERITETD
72— NGB T DT A= H N A TEER, X2 /b, SOl W= — il L7 Rk ST A— 245
TWD, HFEATEELR M AR T T bR A Ty U BRIMEIR S o727 = — R AR A CeE L &
VETHEEREN LD, ZNHDORERELL T, #EmO5| EIF 2% O T at A1 57 = — ~ilgo
AREHROITINZ T, PIERDOPERELIRRE )1 D30 D, £ T, Table67a T} 67b (ZRSIIZ/XTA—FD
FENCRTL T, V= A= NEBLTEDENEFLR L= DITINZ, FHRIEIN AR TE D0 &R LT, A0
(27 = — A= OFEBLRTEEME, AN BT O Wk LA 01 TR LT, %15, DRAM &EtERE
MPU T&h%,

Dz — N — ITRS ODAa—FIEENT=T R TOT A AZKL T, ZhETOIIa FEliL, CZ
(Czochralski) IEDEEETT = — N\ T A X v )L = — A FAZ LTV =, SOI (silicon-on-insulator) ™7 —
— A OHAFREUE, BEY = — N UI X /LT = — AR FUTRTZ D220 D, FiltlZ7e->T SOl
Uz — NIy FREM L LD DE/R 5T, SOl Vo— L, v 7T A ZAD b, IKRHEE b, <
VTP =D IR T 3 ARG BT DMEREA_EIC k- T O KR EAG S BT T i
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BB, AL TUL, T ERADHHR b EMRSIND, Vo — NFEEAO BRI TE FHXHERRICTRKTL
T3,

DRAM DI T NAATIE, — IR ARD CZ BT = — DAL TND, /T4 T
DR KERA T4 B 135728912 COP (crystal originated pits) 7V —0> CZ &Y =—/NDIR NG 2 TV
%o BEMERERY I T AR TIL, Y7 b2 — M7 T 7 > 7 Il O7=012 CZ $5iiHY = — \EE_RD L
i7" A XL L 2= "\ HNSI TS, Ty F 7 7 I BAL T, #V L5508 (STI; shallow
trench isolation) DF| <R —t 7 HIEIZL-T, HITPERRER TIE7leo72, BERAIZIE, MPU &
ASIC AEPEIZFEHENDIZEAE DT 2= \D plptT =— N(EIREIZR — 7 SN HAR I TR R — e 7
L= B@aH T 57— N 2oT, T plp- TET=— "RELDT T Vr—a ARSI TN,
T == ==X KED COP 7V —DIVaryo— R 22 0OFEL L T 1990 FRETFHTEA
S, BUE, ZLROES T SART TV —a AERHSN TS, 7=—U 7@ TARENT LA
DELLNPDFFK TITOND, Fio, COP ZHilfHld 52 &1%, UK GEHES - CZ ERIEICE->Th
FRECTH D, ZZTRLIZAZ =T 4 =T VT VDR IZBWTL, T=— b = — R HES -
(defect engineered) CZ 7 =— N, IZHiH CZ V=— ELTHEE L, ZNHOT =— L, BZHE
HHIRAEDIL TN T2, Table67a & 67b 12 CZ BifiV = —/N, TEXF LU z— N BILORSOl Tz —
APFEESILTND, AZ—T 7T VT IV OFESEE SOICHRSE DR EHL, BICASTEANIC
Tt 9 2o

WNIAX—LZDfE — 7 =— ERAFRIE, SFEOK T A= TRIEST v 7 OBEVK TN 1% %518
ZIEWEIREIZL Th D, FHOMEIL, IREL TWODDT TIERWD, FEEHH7 380 — KEGET Ao
REHEN TS, ZNHDOET LI, CD—ZHUE DRAM O N—T7E YT (b BT I) —, By g
FE NI DRBERE Ty T ARD LI SR O A ST A= S EEBE L QD BSOS
IFRONTZHDOTHY | FIHEIZL TWDET VOISO TG IXIRFE L TRRLY, 77— N LIS 5 5=
(EOT) . W2 F v FIVEICRBEND T ) A=V T A ZDFR T, ZHHDET /LS — 2B 5
FTHDIFIEFITELSOLIENT/2 DL, FRETE L EL T80 57250, D18, BRAFREEELT 52
ETHRLNDEIFRET AN DBREFHIIC FRHMI 32 &, #7802 5E 7 L O IR A RSLH &
272 %,
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Table67a Starting Materials Technology Requirements—Near-term Years

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

DRAM 2 Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32

MPU/ASIC Metal 1 (M1) %: Pitch (nm)(contacted) 90 78 68 59 52 45 40 36 32

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

DRAM Total Chip Area (mmz) 88 139 110 74 117 93 74 117 93

DRAM Active Transistor Area (mm2) 23.1 36.2 29.5 23.1 364 29.1 23.1 36.0 29.1

MPU High-Performance Total Chip Area (mmz) 246 195 310 246 195 310 246 195 310

MPU High-Performance

Active Transistor Area (mm2) 251 20.0 31.7 251 20.0 31.7 251 20.0 31.7

General Characteristics * (99% Chip Yield) [4, B, C]

Maximum Substrate Diameter (mm)—High-volume

Production (>20K wafer starts per month)** 300 300 300 300 300 300 300 450 450

Edge exclusion (mm) 2 2 15 15 15 15 15

Front surface particle si lat h ivalent

[];TEE?U ace particle size (nm), latex sphere equivalen >90 >90 >90 >90 65 265 265 245 245
Particles (cm_z) <0.35 <0.17 <0.18 <0.17 <0.16 <0.17 <0.17 <0.17 <0.17
Particles (#/wafer) <238 <116 <123 <120 <113 <115 <115 <265 <271

Site flatn SFQR 26 8 ite size [F

R (o). SFQR 26 mm 11§ mmsite size [F, -\ = g, <70 <65 <57 <50 <45 <40 <35 <3

Nanotopography, p-v, 2 mm diameter analysis area [Q] [ <20 <18

Polished Wafer * (99% Chip Yield)

The LLS requirement is specified for particles only; discrimination between particles and COPs is required (see General Characteristics) [D, E]

Oxidation stacking faults (OSF) (DRAM) (cm'z) [G] <1.39 <1.15 <1.03 <0.85 <0.71 <0.81 <0.52 <0.43 <0.37

Oxidation stacking faults (OSF) (MPU) (cm_z) [G] <0.37 <0.32 <0.27 <0.23 <0.19 <0.16 <0.14 <0.12 <0.10

Epitaxial Wafer * (99% Chip Yield)

Total Allowable Front Surface Defect Density is The Sum of Epitaxial Large Structural Defects, Small Structural Defects and Particles (see General
Characteristics) [H, 1]

Large structural epi defects (DRAM) (cm_z) [J] <0.011 <0.007 <0.009 <0.014 <0.009 <0.011 <0.014 <0.009 <0.011
Large structural epi defects (MPU) (cm_z) 9] <0.004 <0.005 <0.003 <0.004 <0.005 <0.003 <0.004 <0.005 <0.003
Small structural epi defects (DRAM) (cm_z) K] <0.023 <0.014 <0.018 <0.027 <0.017 <0.022 <0.027 <0.017 <0.022
Small structural epi defects (MPU) (cm™) [K] <0.008 | |<0.010 | |<0.006| |<0.008| |<0.010| |<0.006| |<0.008| |<0.010( |<0.006
Silicon-On-Insulator Wafer* (99% Chip Yield)[R]

Edge exclusion (mm) *** 2 2

Starting silicon layer thickness

(Partially Depleted) (tolerance 5%, 36) (nm) [L] 58-100 | | 53-91

Starting silicon layer thickness

(Fully Depleted) (tolerance + 5%, 30) (nm) [M] 20-36 =

Buried oxide (BOX) thickness

(Fully Depleted) (tolerance + 5%, 35) (nm) [N] armdll | el

?OL]ASOL Large area SOI wafer defects (DRAM) (cm_z) <0.011 <0.007 <0.014 <0012
][)OL]ASOI, Large area SOI wafer defects (MPU) (cm'z) <0.004 <0.005 <0.004 <0.003
][%?ASOL Small area SOI wafer defects (DRAM) (cm"z) <0218 <0.139 <0.139 <0173
][%? Asol, Small area SOI wafer defects (MPU) (cm_z) <0.200 <0252 <0252 I <0.159

* R NTA—ZIRIMAE EFRL TVD, EAIVDITINIIZSED Z TS 2/ 37 A—2THY | a9 LT SRR
BRY 99% L7 A IO AHAZ EFRL COVT, DL EO ST A—Z N EIRFIZEET 52 LIHIEEAE 720, —IREIAER D
= —NTl, IO 3T A= DRI IR FUE A BLD 2 L1372 oD/ 8T A— 2| 3P A HEDEZ BT A998, i
RELT, BCONRTA—HEEBUIHAETH b=V OBRENIT D72 EH 99%I12725,

** RIZHDOV = —(LRIT, BHEIHARIZB W TEROY = — R TIERWEANTIES, To— B0 TD
TEITIR R == RITHT T HREUI 2> TUVD, 450mm 1T858 T CHRUE HIEDOMRITDN TWDL DD | BEER
2o TRIBENTSZ ANUSIVEBIERIDND T, F Ol I R @I R RS,

*kE N0 SOl Vo — G SRS TEABOHIRBHY, ZIUT T TA LT NPT T 2 — LI ERDDT,
T U BRAMERT SOI DEiThH U T,
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Meaning and Color Coding of Left Box Meaning and Color Coding of Right Box

Technology Requirements Value and Supplier Manufacturing Metrology Readiness Capability by Color

Capability by Color
Manufacturable solutions exist, and are being optimized Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known Manufacturable solutions are known

Manufacturable solutions are NOT known Manufacturable solutions are NOT known

Table67a & 67b (2% H1ER

[A] RHARBITEERICIE ST 3 DOITATMNTTHD', (a) 1 DIEFEIEJE T, NaPKD I Heis CEd
HIENRGENZHEETHY, BAIEIZIZEOT=1nm|Z% L CC-VT ANIED T TV SR 7R S0mVEREIZ725
RAUEE L CTET /METED, (b) HitV VT, Fe, Ni, Cu, Cr, Co; Al, ZnD IV ar HITHEE T 20 VYA R&ED 4
B (c) DN, CaDIINT, 7 —MEEIED WEAZ TS L EEEE ThD, TNTNOEREIL. ZNnbOHT
REBLC, KMz 110 FT/em’e Uiz, [RFBIFT- OV HOLRRIEEIEL L, (100) <7 SiFKHE% 10% 47T
% (=73el13 JF+F-/em?) LULIRT S ARG R FTRELARE LT, BRI ~—13 0.1 @ TET /LS,
leld [RFBIFT/em’LL Fe72d, RIAADOTERL ~IVE, 7 x— WA, SIERDSBUKME BT, T - HiR -
FHREN ST = — MBS RUKATT 5,

PRV ISIFDOFeDREIT. F A YU T IAT7EA LDIKHESE THEESN DI D T, 5% O EZmE T
lel0/em3 EL72°,  ZOFFESFYITTAT7HA L ¢ rld, 8K —7 Ulop RIS x LT OF) FEA ST T TOSPV
(Surgface Photo Voltage) HHIE THONAIETH D, 7L I FelE(fem®) X7 =—/ NESITHAW TR (fem) TR
FTARELDO TN EITER T RETHD, FiEATYIT T4 T7XALIE, 1 r=2(L2)/DnTH-ZHN5, 22T, LiX
VRV T OFLEERETHY, Dl 27°CLlBIF 2083 vV 7 OIEBURES Tdhd, TEEEITY = — ESIZE LWL EL
L BBND T 350 1 siThe D, R TEDTATAALMEIL, TH7REREEZ T AR 2 DTG R, Bk fims
LT 700 u siZ72D, KRSV TTATHA L% 20 usPL EEIRETHEAITIE, ZN 2O lllE (SPV, PCD: Photo
Conductive DecayZ &) (ZIC TRl - R4 EA b RIEPTED T O\ T U2 A3 b B L 722, SPVLSAOEAT T
I, BIEREOTEAL AL DVRENDRETHD, FERHTHIN /2 T ORI S A—8 70 HPTEN 5~20Qem T
HHSIT 2= NEHIERGET DI HERET D,

[B] RO~ A7 7 XA T HHELLEOFR, BAEE, Z U222 M8 (A v YA X)) 133 B I
KISSETIRIIND, /T — AT VLRI, Z OXERE CrIRER i RBEICTITO 28235, SRR =— T
S HRZAMENL, 22T CD #IZE->T =0.1nm(RMS) ThHD, TV x—/~ T=—/L7x—,\ SOl Vx—/\
B = — LD BV MEIZ 72> TODEN, 2 —FOERIITIEZ DI TND,

[C] BRBIREIL, o QW BHRLE T B ATIRIE L I=T v 7 A= DRERMEI IS THESH TWBTIE A28, — i
{220 E 18-31ppma (ASTM F121-79 Z& ML 7-SEMI M44-0702 THItAL) *OFPAICH D, Bt b=z il
ZIAE. 7LV (BMDs: Bulk Micro Defects) | 348 7R B IRIEIC LD TITHIEICED, &R VX7 DI~
BMD D E B I T IC 72 > THOMEFASN AL > TN T, B —~ Y =y M LT ICHRLE 7 n e 2 CE
TCHA) O, AR —E 7 JilT (BHR LR F2 ) ITBEFENT H A RS DI ENTEDLDO T, R —~ Pz
FDOT NSARRGEET o AL TVD, IS, BYLERHAT S A5 Z & CRERENT 2Rt CE A5 E I 55,
L, B TCOT NARBE T v ANBMDA M LT 53R Tlidlew, BRI XD T ReEb -t -8y = —
NOBMDIE, ICT mv A% Tt —HAIZIT 1e8/cm3 Z#3% TUW D THAD, BMDEEIFASTM F-1233 2 W CHIE
SNB,

[D] FREIZ72DD = — KRED/S—T 4 7NV ARXIKF, [Ki=1] TEDEND, ZZTRHIDRAMD 12 BT Thh, Ff
FEDOHATHARUZ BT A = — Kl ST 7 VB2 G T HIRHCK FAMEDAL5, Table 67ak 67bIZREHEIL TS
IR—=T A A R, T HEAHARORTOE AT — EDEIZEE L CTHDH, T OBHILFHAEA 26 e T&
RS THD, /=T 7/VEEOEREIL, W OMalyD SR F D HROIZLOTHY | Y = exp [{(DpRy)
Ad]. ZORUICBINDARlZ A Z T 7 1 FH T A= 2.5*F TH1-aF T/Aghip) Aatip ¥0.18 . alXDRAM &)V 7 7 77 & —
(Table70a) | TIZRIGE72DHAMMARTD 1 FoTHIZVDIT VAL MIUZ (K F/PS) ZHNT 72, ZZ TPSIL.
TR TENENO RIS TND S—=T 4 7 VA X T D, MalyDHEE A W TELINS S —T
JIVEEIL, ZNENOEINRIZIBNT, Vo — KRB DR S —T A I N AR T DL THHO T, RHIZ
RS N—=T AT N ARITHKILTIE 2 FRIZHVTERL TWD, /07 774 —RplIDRAM T 35D RE A TR K
FTHTNED, 02 LELTZ, FEROKMaYA X Extiid HLSE (Latex Sphere Equivalent: 7727 ABRIRAL7-H2FL DY
AR) EOBRIZ, RIGDZATRAF ¥ RO BT 5, SOIY = — N TO i/ NeRIAE, BIE 100nmTHY |
HARFHREEE 2 OB Y = — SO A U LT = — TR TSSO = — O A S AT
BT AZEITERRL TWA,

[E] 7=— AT ARG HRIZ Table67 (1T E N TR, EEIDIE, BIEAITIL, ZHLT-KE BIZRZS
FECRESNRWE, UV T7 4 TORBEEL USSR INSTH D, BEHL, RER =T 47V LRI 25
TRNEAD, U N N—T A VDY AXEFEEOFERAEICEEL T, MECTHIUX, FieDET Vafli>THE T
AL TES, HEIESTOENMPNTOBEIWDSIT = — N2 FARXDD/ S—FT 4 7 VM LT E . To—
FEAAOMEHIL[(XDHXT+W)~(T+ W) TR, ZORITH=[(xD)~(1-x)T|EE TESH, 22 Tx=0.6 [V =— T ¥
VI RHINND DTN L TERE DL N —T 4 7V D EMES VD TH D, RIZT = — " FE O EDS 2(CD) 1272
HEVVTTT74TD 100%FE A BITeHET Dl EiF DR ADIED= [(2/0.6) (F) + (0.4/0.6) (T)] TRHOIND,
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ZCFETIINmEEAL COBAETHDH, ZDET /LT, Bz L, EmEIIEHRSI TOAIRDESTE 100nmET 5, 99% 4+
WK DM S —T 4 7 VERIEIE, Y = exp(-Dp Rp A ) THEDOESIL, FNT 774 —Rp=1.0, EZhF > 7 HilEAL=
AnipX0.03X0.8, ZZC 0.03 EVIOHAFI T LI FIFED 3% 03T v ZIZHlL TODIEZERRL, 0.8 S\ )X IshT
V7 THFED 80% M/ \—T 7N DL TR CTE R T IUCIDORENET DLV ET L THD, Dplt
Y=99% |k T DR E A S —T A VNV EEFD L, TO_—T 7 AR R S —T 4 7 VRS E I LD, T
—ERRDHES—T AN AZXOERITL 2 DOETEITTERIKAFEL . ZAUTICT B ADEZ 2T, 1 D%, B
N5 2 FEDCDIETADE 100% DEENA BITIRDEVHETE ThHD, ZLDLGEIZT O AT 4 RUH DTN A, B
LWVE IS ROEEN T AR EIXILEA L 72V THA), ZDII72GEITIE, KV INSRE R R —T 47 V3%
F—\TIpB12759, 2 T BIE, BREIDEEZ I E LT S—T 4 7 VBT TEOEAED S 60% I EMESINDEWHET
BBe /=T A7 IVIBIRIDTLDEE A THAGESC, 7 N—T 47V IRSiERI UL BV DS T = — B IR 720
(T=0) &5 CIEZOREIXIELLZ2WEAD, ZHOUTDIRILTE KO/ ISR S—T 4 V)V IS T —|27e 572 A9, B
B2 ORI, BEIZHD S —T A2 VTERL TV T7 P CATLIREAOE S TR LTF T DORE
IR DEREL TS (A AR, B THON TSI TH D) , ZOEIL, 72— " DESI0E o b/ E
TR B N —T 1 7V T, RN 10mmAREELL FORELA AL EHEZ 2 HNLDTRINI DL, Bumby7aE i ¢
ERPNNERINT T REBERD, 78—T 47N TF 7 DI HIUTIRII TS YD UBEfES L A0N, ZhUiTF v
SO —T 4 7 VXT > 7 O ST R & 72> TENA D TAX v AT v/ XN —DKEH LS AT ATEETES
M THDH, ZOZEHEFITAN T, FEhTF v 7 HED 100% TldZe 80% N E I N5 ) INTET U bLTZ,

[F] H A7 Z7y hRADFHAT ARSI SIHO T ARSI TODEE RO UL TQDRETHY, HER
JE T DTN TTRUTAT Y L AT/ =T D, SFSR DMt/ 2 s HAIFHETH DN, FEER CTIIIT- &V ELT- SR
"o o7, EHIIZ SFQR 2MEEOIL TE /22 DR IRIR TR T T, 2D b IO FEHENR N >SIF 5D
THA)e AR YL AT/ 3—=O R TORPBUZ G DR T, RFTHITA N7 Ty R AITKIE T HIEZH0 78 A M A XX
26mm x 8mm (ZEHEINDDHD, EHET4—I/VRDT VT 4—)L AT/ 3— (Il 22mm x 22mm) bl <72\ V&
W LTI e T HILD THAD, BELLIRWBITE AL A7l TETCWDEN, EBLLDEA T, FHUEHEL /2 A
LT A2 (DRAM @D 12 B F) KU TRIRFIZZELWY, S—3 X LA NIRBUCE ENHRETHD, HIZ, K%
OEAR AR OIARE R T H72DIZ, 7Ty MR AD G IR I 5372 22 0 fRREDS LT L D Z EITIR R
TRETHD,

[G] OSF (Oxidation Stacking Fault:f#{ e [KIFEfE K i) D% FEITEBRIZE VK, (F) " eREN D, ZZ CRIInm BN S fE
T, K=2.75x10° TH D . ZOXDNERAN RO SNIZHRZ 1T — R~y 7 OB B ESh TV o7z, 5k
DOFAHARA~DHEHZE 25D THIUZE, 1100°C1 BEOY = Mgl b LR R LD HR Ml M CH D, nil
HCCOOSFHENZIDEEL,

[H] ry 7o~ REWNST- D 8 K IEH B EINDHRETIEH LM, Z LB ET /U720, 5 OFHIENC
V&, KREEREEIZ ISV 3 . —fiGmes L TiE, TERVY,

[ LELWZEEOFFABREL, 7o— it 2-10mm O BEFEEISHL T 4% ThD, plpHiErEoga ., Eimkc
LD — IR —E U 7 WD EAFF CEANZ DA T AH, F 41U 300mm Tl 200mm &g~ CERE IR
ZHTERT S, pp-TETOR/NDOTE L, COP 72E D/ NI EERK AL RN IR EFIEND, p-ITH
AT p+TlE COP FERAMIHISIAD T, p/ptDYAIZIE, ZDIH72B LTS EVEETIT/RN,

] REZRmEWEE K (77 AR T 1 u mEL EOKEFEKNG) 13 99% 280 TET /LS, Y = exp(-Drap
Riap Achip) CHREINDH, ZZTHILT 774 —Riap=1 THY, AchiplEDRAMBH DU NEEMEREMPUZR S LT T T2 24721
Z WS,

AT BT 21 : ZIB R E /2= K D SRR A IS B O 3R G OB T, I 7 v 7 AR TR OV A
AC 0.5 p mPL EOREICRITHL UL, BHEDH D ZL DAY v E H AT AT 2 (SSIS : Scanning Surface Inspection
System) (Z& > CEHAIEND A RIZH FVEHEATE, FIZiE, T B KL XBILHET 20D E51c, K&T
ERE Kl RE 72 =T 4 7 )V E DD Kah 6BECE DFHARE R, BPET AL CEX L7255 E, BFEELRN
DM, FHHEAFIZASINRIENR S5,

[K] /NSRS KRG (F7 7 ZAREFHAET 1w mELF) 1% 99%#880 TEF /M EEI., Y = exp(-Dgr Rgr Achip) 7T
SND, ZZTHRIAT 775 —Rg=0.5 THY, AchiplIDRAMBH DO NLEMEREMPUZRE IS U TEY 222 D, BEED
DRAM® DV MIENEREMPU CAY —T (L7 < T VT MZ WSS,

A B 57 m UK e KB FHE CE D EFET AL i ATREZR S E D FAEL RO D700, FHE
WZIXFAGCRER D,

[L] 2V DT A RGO EHIEE (PD: Partially Depleted D354 i3 MPU #/8L —NED 2 (5 CH- 2 HLD (FFULMED
+25%) . BEEOHFITY = — P ROWPEMEZRL , 7 =— NN TORIE R REIZRT L TRRD T T ABDNT~ A
FAD WA —IEE U THRRLL QD T3 AR TR T Y B 357280 BefkilyZes Va JESIFEA
Tz — A \DEIDHHE, FlE, AX—T 4 7 =T VT N EL TOIEEDIREIL TS, 2003 735 2009 EIZKLCTlE, 7
AR DRFA RO B/ IMELNZ 10nm 20, MBS 20nm ZINATAEL 72> Td, 2009 ELARRIE, 77 S A ZFF
RO/ MEE R KEDOEBHIZE 10nm 2 CAZ—T A7 <=T VT IVDESIZL TS, YV @O Bl
JANWD T e RS TMEAFT D — 22 TlE 2009 4ELLE . 7 A ST A—2 3 I BB BRE A LT AL EL TV
%, PDSOI DA TOFEIZIBWTIREFRIIVTNDDS, JOWHMEA A 72 HA AR CIE A CEENTRNZ LT
BT R&EThHD,

[M] V22 DT 73 A AJEDFALEIE (FD: Fully Depleted O54) 13, 2008 “ELLHTTlE MPU W/ —hED 0.4 (5 CH-
Z 53, 2008~2011 4= Clik MPU #EE7 —RED 0.35 f57C, 2012 4ELARE Tl MPU #EE7 —RED 0.3 (5 CH 2065
(FLMED £25%) . BEEDOHIFHITY = — P ROWPEMEZ R, 7 =— NN TOREFIEIZ L TRRDO T T 2D
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DI~ AT AD Yol Zez 5 —EEL THFREL TWD, T 3 A ABLE TRE T Y Jgldb 375720, efaies =y
JEXITHEAY = — A DIELD G, FlZIT, AT —T 40 7~ T VT IV EL TOESHIIREIL TS, 2003~2009 £E 1256 L
T T A AT DRI e MEL 10nm Z00R, BRAEIE 20nm Z IR TS A25 TG, 2009 LR, 7F
REPHO B/ IMERKAMEEDIZ 100m N2 DZETAY—T 42 7 < TIVT IEIZEBTED, 2O Si B ESIE7 mEA
SARITARAFET D73, 2009 4ELIRI L I ERL RIS LA SREL TUD,

[N] FDSOI 1Z%$3"% BOX(Buried Oxide)DJES 1%, MPU#JEES —MED 2 (5 TH- A B, HTF v VDR HEM Kk
DN RAERIFFL T, BOX EX37 —hREEEBIZA =V 7 &b, FD-SOI TR T v /L RA 925 B BT,
BOX L3 Var DESINN—RAT7 ORERIZHY , DR —RA4 7% 2 THEEM E25% DFRHANPTFRSN TS,
1E:PDSOI 7 A ADY A BOX JESBEHET NAARFEICEBET D LIHEEA L2, BOX A&, Bl EORE, 4
JE&7 w27 BOX OESIIGE, SOl V=— OREEEFET), Vo— NiWE, Vo— aANeE %% E L T BOX [E&%
b D, PD-SOI D540 BOX JEXIZ, 100-200nm D FEETHLHEM OIS,

[0] KEifEDSOIKSf (LASOI defect: Large Area SOI defect) 1% 99% CTET /LALSHL, Y = exp(-Dyasor Reasor Ahip) - T2
EHU. Dpasor = LASOUKKADEEE | Ry asor =1.0 (BB CO e ).

[P] /INHIFEDSOIX [ (SASOI defect: Small Area SOI defect) 13 99% CET /MALEA, Y = exp(-Dsasor Rsasor Achip) - C2%
S, Dsasor = SASOUKFADEEE | Rspsor =0.2 (BURERCO Rl SASOIK[EIREL T, COP, T UHAR, SOIH
DJFATHISIO2 7oL D3 EEND, ZIHDOSASOIK I HELMIE (LLS: Localized Light Scattering) THERH TE2,
9,10,11

[Q] EAE 2mm DFEIKD P-V (Peak-to-Valley) LEU M, ¥ = —/\A—A D 180-90nm HALIHEL 100nm LA T ORRE 546
\ZEAT DG SAMEL  P-V DR K% CD/4 1277,

[R] WAWNWARY = — /ST A=ZDEHNIEGDEIX, DRSO AT =X LG TRRHEIICHS TR T 5,
ZERIANZ B2 DA — )V THET HZNOD T T NSARBLE RS KT TN, ZOEOINFIIT A A7 1
TART NARDOFSAIZL > THEDD, HilZ1E CVD BEEDIINC, AT a—ClR RO Z T 5/ T A—21%,
BRI TS 72 RSICESTEEL , mm 25 ecm VW) —HF =725, ZOIH7 7 v A% HHTH121E, ZiUuEE
ZEFE I FRREDS 2O GHIEE [E 2> C, ZERINTEENCEA L T2 /3T A— 45T = — N EDOHFO L7 WRIE e =4
—TH T THHIENELALE THD, Vo — "FEIGRD I 3T A—2 3, SR 22 A — /L TERL
HRER T CRApDEER IF L QD FEEIZRE WA —/LC 3L 10cm) 7= — FEM™ME uw mA—2 —CEbL
(Bow X° Warp) | 7 = — “OBRAHEE I NANAZR % KIE T, lem OZERIAS—/LC, RHEISIE 1w mOE5FD 1
DESOEIRSHD, ZNHDOZEL (HIH YA N7 T MR A I BEENIEXT = — OB E LTI EE TR 8,
U757 4 DESREOBLS CIXEECTHD, 2 mm LLFOA 7 —/L ik, ZHEMMTE 100m OA—F—ThH b, =
DA —H =TV T T7 4 TOE LR BT 2B, 7~ ROBIEIES &R CMP TOARYE— I EE KT,
L DESAr—/V T, ZEMMEIA S 7 AN — 54 —F — T D)8, T — MEFIED S % MIT T,
FD-SOI O T, Vv @DESIELSETIF o7 (em DESA7—/1) TOM U PAALEWMEIELSEDFRIZ
20, Fo7NmmOFEEATr—/V) Th, ZL TBEL T VA (T I7a 275 —/L) THLEWMEIRL DE DR
RNZ72 D725, WANWARZERIE R B D/ 3T A—2FA b HIlT57-0121%, V=— "B E CEREEM %
i CEAFHABEE N VETHL) ., @B E DT — 2L Cd (Feif NS fEi e L Cid) i B s it 4%
VNS, 22 MBI D ERIE, RIS RIL THEL A4, 7- 54, Z2IAGRIE R R 2 iV - AT
FEE BT I AN TORWEAS | ZHUT AL — T MROZE R 3 fRRE 2 E D i CTHh D, ZORNOFHEATES:IR
REL LT EIED ZE I R A kT D BRI A DN RSN TUVD, FERED T 1 ART /A ZADBIR N L0 EN K ToEF
WAL 35700, ZIHDFHAFIR O HEFIRIEL ~ U E DL LR THAITNES, FIUTHREATII T
720,
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Table67b Starting Materials Technology Requirements—Long-term Years

Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM ¥: Pitch (nm) (contacted) 28 25 22 20 18 16 14 DY
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 28 25 22 20 18 16 14 M
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6 M
DRAM Total Chip Area (mmz) 74 117 93 74 117 93 74 D
DRAM Active Transistor Area (mmz) 23.1 36.7 28.6 23.1 36.7 29.1 19.6 D'
MPU High-Performance Total Chip Area (mmz) 246 195 310 246 195 310 246 M
MPU High-Performance
Active Transistor Area (mm2) 25.1 20.0 31.7 25.1 20.0 31.7 251 M
General Characteristics * (99% Chip Yield) [4, B, C]
Maximum Substrate Diameter (mm)—High-volume P
Production (>20K wafer starts per month)** 450 430 450 450 450 450 450 D% M
Edge exclusion (mm) DM
FS;F]E: ]surface particle size (nm), latex sphere equivalent >45 >3 >3 >3 >22 >22 >22 D% M
Particles (cm_z) <0.17 <0.17 <0.17 <0.17 <0.18 <0.18 <0.21 D7
Particles (#/wafer) <271 <268 <261 <268 <283 <283 <233 D7
Site flatness (nm), SFQR 26 mm [ 8 mm site size [F, R]

Nanotopography, p-v, 2 mm diameter analysis area [Q]

Polished Wafer * (99% Chip Yield)

The LLS requirement is specified for particles only; discrimination between particles and COPs is required (see General Characteristics) [D, E]

Oxidation stacking faults (OSF) (DRAM) (cm>2) [G] <0.32 <0.27 <0.22 <0.19 <0.16 <0.14 <0.12 D7
Oxidation stacking faults (OSF) (MPU)

(Cm-z) [G] <0.09 <0.07 <0.06 M
Epitaxial Wafer * (99% Chip Yield)

Total allowable front surface defect density is the sum of epitaxial large structural defects, small structural defects and particles (see General Characteristics) [H, I]

Large structural epi defects (DRAM) (em™) [J] <0.014 <0.009 <0.011 <0.014 <0.009 <0.011 <0.014 D%
Large structural epi defects (MPU) (cm_z) [J] <0.004 <0.005 <0.003 <0.004 <0.005 <0.003 <0.004 M
Small structural epi defects (DRAM) (cm ) [K] <0.027 <0.017 <0.022 <0.027 <0.017 <0.022 <0.027 D%
Small structural epi defects (MPU) (cm_z) [K] <0.008 <0.010 <0.006 <0.008 <0.010 <0.006 <0.008 M
Silicon-On-Insulator Wafer* (99% Chip Yield)[R]

Edge exclusion (mm) *** M
?ﬁgﬁ;ﬁi‘;‘fﬁgiﬁ{:ﬁiﬁ £5%,30) () [L] 27-38 25-35 23-32 22-30 21-28 1926 18-24 M
?;fﬁ‘;%iiﬁ?;l)a(y;ﬁgﬁ:ﬁ% 30 () [M] 12-14 12-13 I 12-13 ‘I 11-12 I 11-12 ‘ M
g‘:ﬂlﬁ/ dSi‘;‘f:é?ﬁfgigﬁﬁfi%  30) ) [N 16-26 1220 I 10-18 10-16 J 8-14 M
Dpasor, Large area SOI wafer defects (DRAM) (cm'z) [0] <0.012 <0.007 ‘ ‘ 7
Dy asop, Large area SOT wafer defects (MPU) (em™2) [O] <0.003 <0003 | <0005 <0005 <0005 M
Dgasor, Small area SOI wafer defects (DRAM) (cm'z) [P] <0.137 <0.218 ‘ ‘ <0173 ‘ <0.256 ‘ %
Dsasor, Small area SOI wafer defects (MPU) (cm_z) [P] <0.252 <0.200 ‘ <2.252 ‘ <0,159 ‘ ‘ M

* B RTA=HIRIMEZ EFRL TOD, ZHBIINIITAHRE 2 T3 258

TA=ZTHY BRI LT EBRITA

BAY 99% 72D I HA TR TWOTC, Z 2L LD/ RTRA—R[REIRH BT AZ LRI EAE 720, — A B D
72— ~NTlk, O /ST A= F N [FR [BRYEZ B D 2 8137 oD/ 8T A= IR AT OEZ BLDTEA5D36., fi

RELT, BTCONRTA—=ZEZRELI S0 TH, b=V OBEITD72<ED 99%1272%,

o RIZHDHT = —LRIT, FHEITHRIZB O TEROT = — B TIIRNWEAITNED, To— B> TS
Eaiﬁ%kwl—/\& R AERBUT R STV, 450mm 1T Thho TREE HTEDIRITHASIN TWOAE DD PEER

(&S TREB NS ANVSITVSDIEINT2ND T, Z O ER Tl H JF@ ZED1ED,

wek ZNZEND SO1 Y =— NEHEI S TEADOHIRBHY, ZIUTTTA LY 2RI == LT ERDD T,

Ty BRAMERT SOI D& TH D THO,
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Meaning and Color Coding of Left Box Meaning and Color Coding of Right Box

Technology Requirements Value and Supplier Manufacturing Metrology Readiness Capability by Color

Capability by Color
Manufacturable solutions exist, and are being optimized Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known Manufacturable solutions are known

Manufacturable solutions are NOT known Manufacturable solutions are NOT known

FETIURIR — TTINAR—AD/RTA—HERIL, T x— BE TRREA O/ 3T A—HED /T 8D
R G AT 2, 28T A—REDO/RTYXI2T, 2 FEOF R A OLE B I AV SND, R
DI/ T A= EE, FIAED IR THPRM A L. RSENDNIZIER DA TR T ZENTED,
BaN FRERD ST A=ZOME (FIZIXFANT T RRA, N—T 4 7)VEE, REABIRE) 1%, HEOEH
AT T DZEMTED, SV IUL ST A—F DIEO S EITIER A0 206D, REBAER AL, FExT
@<, A RGNS RO EZ 51, SAEVET A OIEERT 40 AL ED 1C REEORERIZH )7
DOHT | EBREZANRRNEE TS TS,

BARR A B HIELVD O THIUL, IC BUEREICK T DAY —T 47~ T VT VR OHR VK A3
F—2 VLT 1%E B2 720NN, KEOFEEABNCEI Y THREXTHD, FFED KM LD KIX
(1) NTA—ZE TR ELR R (BB 0ET LV CHERDLE) 1T, (2)%0)/\771—571‘575:%07:—
ANOFNE QER AT REOER A0 T D2 EOMERBVE) N - b OF T 52 L2 E > TED LD,
ZOFHEE U \xﬂniﬁéfw:c—/\ﬁﬁ% \ﬁ‘ﬁ%ﬁ%rm“zo_kﬁxf%ét%éo WAt AR LR
IEERENIESRL-DITIEL, To— " A—H DTt ZNFAN RS, v ha— L&, IC —HF D3
KITEEAT D0 %75%250 INBOPRAEER T HIEN TEDETIL, IEDEFRITIE SR T V454
IZEAHEOET A RHNGILTIY  F /3T A—BEITITF D/ 3T A—2 kT AHREE0 M 99% (272559
ZRBRSUEINEI Y THNDZ LT D, IHIT, ED/XTA—FZI BBV BROMD /T A—Z|Z L ABHEVIE
RITITRE R %é@zm\kﬁim@“éo SR DL RIGIZEDBE O ~O BTN 7 G L
VIO ZEERET Do MDY T —Z %472 O THIUE, ZORBRIZIESLEN DAL DE R AR
X, BB AT T A—=H A IS ERE T IE THRONAIRIMELH FVE DL TH A,

CoO(Cost of Ownership) — Z< D/ ST A—F~OFFE FIREEFHAEIN O RFUIE SN TNWDDT, Ux
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ETHD, ZZTEDOR DT DL, AX—T 4 7 <T VT NOREEBERAEEE S—T 4 7 VYR
FRIZ, R ORIZH D7 — MO ZRAER LR MEIZ/2> T 5 (Table 68a, 68b ), 24U
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DDA EETT MDD NI T IS DRk % 7R RS AR5, FHIFRIES B B PR TOZRWn o TfF
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RU, TR OB R BEAEFERBATOX A7 7288 7R87, Table67a & b 1Z—EL T, Figure56 1%, 300
mm HDOVNTENLL EDOKRAREY =— NTHELN D H e DRAM LEifhRE MPU OZELRZ L TV,
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U R T AT OISR EE DS LB T D, ZOXAT DY 2 — OHEEIZIIY = — T T A —L
— PGB E RIS,
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2007 2010 2013 2016 2019

2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm

300mm LEADING EDGE

Materials Selection

Defect engineered:
CZ wafers include:
o P/P+ and P/P++ epi Defect-
e P/P- epi engineered
o Annealed wafers €z
o Slow pull/slow cool

A A0 A A0

Emerging Materials (Strained materials/layers, high resistivity,
alternative orientations, etc.)

. Various device process alternatives (device strain engineering,
SOl includes: etc) P ¢ 9 9

Bonded wafers 7 X X 3 3 3
: SIMOX wafers ::> | 1 \ \ \ \ \
e Selective SOI areas ‘ : - ‘ ‘

within the IC chip

[
Wafer Diameter Large mm

diameter (Includes novel substrates
alterna- and new circuit approaches)
tives

| |
| |
L
Double-sided
polish
New technology (Includes CMP; orientation dependent

New technology WEWRE LA etch; localized etch; localized deposition + blanket etch
or CMP; blanket layer + blanket etch or CMP

Site Flatness

B Rescarch Required [ Development Underway [ Qualification/Pre-Production SN Continuous Improvement

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

Figure56 Starting Materials Potential Solutions

HFEER — MEREIR DTV —1T DOm0 D K CZ 7= — & SOL Y =—~, M AT
DIFRZL, IC 77V —ar baxA =T < A bIZTRAKATF T 5, BIF IZZANIBEUE R T 7V —
A, BEIIVERE R T TV — L 2 i D, Figure56 (ZEWTH DI, fRDF Al
3L, ZOZEIIEX HDETRITKT T AR EFREELH 257,

=T Y7/ — ITRS O HEEA -T2 D iAo~ — 0 7<= T VT L OfR
ATz 2R - THRD CERENI/2 -7, 2005ITRS (21, =~ —2 07 <TUT VD = >OkE/R 17T
TY—PRFESIVTND 1) BVEBRRIRR | 2) BRI KARHRIR  3) VAT DA F o 7RI, RO~ A
raxl g A=y A7 7V —ar OEGE BRI (A6 | BB EOUGE) BRIt tE s~ —
T IT A OFNIRDEH72 D ThA VA o A AT ELR B[R Si. Si02 JVEMRE R D
BB DY, Bl20E. ARO3 (T AIT) HDOWITE LI Varwffiof-vVard Aol —4, #
IR L FHEITNZ TSRO~ A /L 7= AV AT AF ) ar KD K& BB E A RO
VURS =T FIVINRHRE T2 5D, T RV OB KA BIE LTz~ — U T T U T VORI
BEEIZIE, BB Vay | T~ =0 N GEREFILZ, HDHNOIE, EFEATWD) ED—R T /Fa—T 7N
BD, BRI, WERD CMOS BT —X T 7 F v —ITHLEREE A T AN ATREMES F e me—
TT T VRN LS TEREICED, @ikt Var il Vay EOE /)y BT AT 24 F
VT DFRFRR T D, ~A7nTL 7 ha=7 AN E L T DR CEEZRFRE 9 D HAF 72 iR R 2
FEHNCHT-HT T NEL ., b~ — 0 7 <TU T VDR 7 AL A 40 ITRS2005Table67a & b IZZEH
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TRAEREZ U T DI AAE DN RV, L, ZIBD Ry 7 AT RAFORET HiLTHAIL, ITRS DT~
— T U7 NVEBRITEEIEIRESE ik a HiE DT DR 7= (ZZIZV 738 5)

Dz— NEEE — AEMHE RO, JERIZIE, Ve NEROBITICE S TSIV TE 2, ERD
R R L L7212 200 mm 25 300 mm ~ DB AL E T2, ZOHE R L E I AL
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2 AU TR EL T, V7 038%)

VA P77hFERX — 300mm 7 =— NSE RS 2 (72D E T AN Ty R ABE ) H S UIARE RN &
DB, ZORARIRMEAD F 2 DU L IC A— B D 65nm &= DEATHHAR DB R A 729 & TS,
Z O E LD 5| X5 ST, Figure56 LATHET AN TS OB IO b O G B LT TV bR A
BCEEANTE T ANDZENMETI2AD, L, AUV 757 1332507 T AR AELRITH L TR E
IR NI N B2 D THAD,

7= AL

Uz — B I OR HLE L, BAAEICHES TEA ORHETHER L >ob Bk EReHi 7 e 208 H
2P TRIBLURHT TETZ, 7u by FORELELCI, RN — MO S 2 Rk B2 812,
FGECBIRENE N SN TE T2, £ LT, ZNBDIEIL, High-k 7 —MEkRIEC A2 L7 — NERI BT LT
Ga b bivd, N7 U ASEIELFIERIZ, BT High-k, AZVT —MPEE LA T 7L —a G
1%, 7R P RER LB I LTI LWELR A T2 072257259, IDI2, CMP ([ZBIT 5T _—AD
AZV—fEH | MR —AEASNIZL P ARNDRRERE ), L _X—T 4y R —Z/RL A HTEHF v /L SiGe
DR, v XU B EI O, w7 AT a2 7 NL, B HIR R 2 Bk 57259,

FIMAPEOFATESRE Table68a LN b (-7, ZO7 R ROFHNL, FEROMEFIFES 7 —NE
BB DRI BE 57 —Z R B L TNDTZD RN R EETH D, L, T8 ADIEE
TlE, HE =20 R, 6 ZH CTRIHNCHRES IV TRY, 3 _X High-k #EOZ A7 13RL T
WAIHZE D, ARV — MR AT 7L — g 3T PR THh D, Ll T a7 LA
JV CMOS 7 AR THEHASNAAZIVE, T SAAERRIZEE LN L~V E T, RIS v g
SRR

U — AREBLOER EOMR 55X, £TET LDV THEBEESNDDIT5, g Ezii=y
F LTRSS DFE A= DI =T 4 7 VL~V O, [REE 2 HRREE RS ivd, BTV ET v
1%, BEFTED W R S —T 4 7V OFFR R MG % T D701 bl 5, 7 —KiathA X
RIVT A TN I—=T 4 7 VBT, B R EILITRAD Uk T 5, BRI B, B EV M Eo's7 a0
HFCHWOBE EVERIZEE SN TS, fEROET WIT, S FO M En—R~y 7O A RGET 5
72Oz, R FED | TWG IZEs TELNDTEAD, R ED~DOREITEL T, V= — " EH LTy
DRI =T 7V, IO ERERINCHFZESEED HILTND, BIE, Uz — Ry U CTO KRR
FTHID DOIEENPPEHEN—ZATHIESNTEY, SHICELDOBEENCET 5T —203, bHrT<H T
T ThD, oL, Eifi/S—T A7 VOISR A~OEMRILHHH DD 7= — NFHOHE VT35 HE
M/ N—T AN DYPARREEELY L I\ADG N2 T —HRET MAUTEAE T2, SHRRLFBIZEAL T,
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Table68a Surface Preparation Technology Requirements—Near-term Years
Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013 Driver
DRAM Y Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32 D%
MPUJASIC Metal 1 (M1) % Pitch
(um)(contacted) 90 78 68 59 52 45 40 36 32 "
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13 M
Wafer diameter (mm) 300 300 300 300 300 300 300 450 450 | DM
Wafer edge exclusion (mm) 2 2 15 15 15 15 15 15 15 DY M
Front surface particles
. . 2

Killer defect density, DpR;, (#/cm”) [A] 0.027 0.017 0.022 0.027 0.017 0.022 0.027 0.017 0.022 D"

Critical particle diameter, d; (nm) [B] 40.1 35.7 31.8 28.4 253 225 20.1 17.9 159 D%

Critical particle count, Dy, (#/wafer) [C] 94.2 593 75.2 94.8 59.7 75.2 94.8 1353 170.4 ‘ D"

Back surface particle diameter:

lithography and measurement tools (pm)

[DI[E] 0.16 0.12 0.12 0.12 0.1 0.1 0.1 0.1 NA D%

Back surface particles: lithography and

measurement tools (#/wafer) [D][E] 400 400 200 200 200 200 200 200 NA D%

Back surface particle diameter: all other

tools (um) [D][E] 0.2 0.16 0.16 0.16 0.14 0.14 0.14 0.14 NA D"

Back surface particles: all other tools

(#/water) [D][E] 400 400 200 200 200 200 200 200 NA DY

Critical GO surface metals (10"

2

atoms/cm”) [F] 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 MPU

Critical other surface metals (1 010

atoms/cm’) [F] 1 1 1 1 1 1 1 1 1 MPU

Mobile ions (10'® atoms/em”) [G] 1.9 1.9 2 22 2.4 25 23 2.5 24 MPU

Surface carbon (10" atoms/cm”) [H] 14 13 12 1 0.9 0.9 0.9 0.9 0.9

Surface oxygen (10'* atoms/em’) [1] 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 DV, M

Surface roughness LVGX, RMS (A) [J] 4 4 4 4 4 2 2 2 2

Silicon loss (A) per cleaning step [K] 0.8 0.7 0.5

Oxide loss (A) per cleaning step [L] 0.8 0.7 0.5

Allowable watermarks # [M] 0 0 0

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim solutions are known

Manufacturable solutions are NOT known
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Table68b Surface Preparation Technology Requirements—Long-term Years)

Year of Production 2014 2015 2016 2017 2018 2019 2020 Driver
DRAM ¥ Pitch (nm) (contacted) 28 25 22 20 18 16 14 DY
MPU/ASIC Metal 1 (M1) % Pitch
(nm)(contacted) 28 25 22 20 18 16 14 M
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6 M
Wafer diameter (mm) 450 450 450 450 450 450 450 | DM
Wafer edge exclusion (mm) 1.5 15 15 1.5 1.5 15 15 |D%AM
Front surface particles
Killer defect density, DRy, (#/cmz) [A] 0.027 0.017 0.022 0.027 0.017 0.022 0.027 DY
Critical particle diameter, d. (nm) [B] 142 12.7 113 10.0 9.0 8.0 7.1 DY
Critical particle count, Dy, (#/watfer) [C] DY
Back surface particle diameter: lithography
and measurement tools (um) [D][E] NA NA NA NA NA NA NA D%
Back surface particles:  lithography and
measurement tools (#/wafer) [D][E] NA NA NA NA NA NA NA D7
Back surface particle diameter: ~ all other
tools (um) [D][E] NA NA NA NA NA NA NA D7
Back surface particles: all other tools
(#/wafer) [D][E] NA NA NA NA NA NA NA D7
Critical GOI surface metals (1010 atoms/cmz)
[F] 0.5 0.5 0.5 0.5 0.5 0.5 0.5 MPU
Critical other surface metals (1010
atoms/cm2) [F] 1 1 1 1 1 1 1 MPU
Mobile ions (10" atoms/em?) [G] 2.4 23 23 23 23 23 23 MPU
Surface carbon (10" atoms/em’”) [H] 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Surface oxygen (10" atoms/cm) [1] 0.1 0.1 0.1 0.1 0.1 0.1 01 | DhHM
Surface roughness LVGX, RMS (A) [7] 2 2 2 2 2 2 2

Silicon loss (A) per cleaning step [K]

Oxide loss (A) per cleaning step [L]
Allowable watermarks # [M]

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known |4

Manufacturable solutions are NOT known _

Table68a & b (2% 3 AR
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%o b\ MRRL OV YIIABRIZR TR Z L TSI | dd IFZN72 S —T 4 I NARE B Z H_RETHD,
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B BN L COBRED TEZDND, /=T A7 KD = —/ N [Rp*3.14159%(7 = R DBRIMEK) 7]
EHALCHESND, VT ATNI2 =T AT NAARD I S—T 4 IV /NI B AR D/ —T 4 7 )V Hy
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[DIE[E] INBLDE T, T REARCAN R TR = — NI T D Ll L TR BT/ =T 1 V& X
L CUB, ALEESND Y =— IR T, — R L, Vo — " EE O/ =T 4 7 AR L, EE SR TH
HRETHD (Table68a) , 7 B AR RY L T HHIANE T DERILTT NLT — X 35D (FL T fFkDFET

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



. _h%@%wm%ﬁﬁ SNADE LI, ) R mE AL CH ST A EE S—T 4 7 VRO R X X
Fa'eﬁbf ERNTOEREIIHELN TN, FEREL T, O3 27 MIARD, BIFEOB I TRl (E D7 e hr
:/F‘7°Dt;<“z%%a:m \T HEER A L TND, ) SORFRD T 7V T 70V T 57 4 DU IE SN TS, Y
VT TT4 TRRICENWT, Bi/S—T A7V 2 — K CHE AR Z T L7V T A AN IHEE A5 &2 328
W8N, T AR FOICE KRB L 52 D80 e ST T2, EOINNCE T v/ CHIBRS L= S 4%
fil N B N —T ¢ 7 VB FE LA AITAERL T, U — " E O E R LA 5 [ SR 230N DWW TIBNNT 25T
VRN, ZNEZ2 (<2000m) 23 —T A 7V D7 T AZAIN, HESIRE A 5 | ZEZ 203D T e 2R3 REILS H
é:hooe!@@ FEROFNNIINSD T —F PRMSNDTEAD, 2 CORMmPIERKRR T T A2 A IE 72\ -
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2007 2010 2013 2016 2019
2005 2006 | 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021
DRAM 1/2 Pitch 65nm 45nm 32nm 22nm 16nm
Interface control for deposited
high-k dielectrics, epitaxial Si,
and SiGe/strained Si
Improved ex-situ passivation Y
Integration surface preparation? &\\\\\\\\\\\\\\\\\\\\\\\\\“
Chemically compatible high-«
removal after gate definition
Dry/wet combination cleans &\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Wet chemical cleans ) h .
Dry chemical cleans -&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\“

Alternative integration schemes -mm

Removal of small particles
without etch of underlying or
surrounding material and without
structural damage

Advanced non-damaging megasonics

Aerosol techniques (cryogenic, fluid)

Advanced surfactants

Supercritical fluids

Cleaning and drying high aspect
ratio structures (e.g. deep
trenches, cylindrical capacitors)
- wetting structures

- contaminant removal

- stiction-free liquid removal

Alcohol-based drying

Advanced surfactants

Advanced non-damaging megasonics
Displacement fluids

Supercritical fluids
Gas phase cleaning

I Resecarch Required [ Development Underway [ ] Qualification/Pre-Production Y Continuous Improvement

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

Figure57 Surface Preparation Potential Solutions
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7V, JOIEESR R 2 TR 7 12 A3, ESH X0 CoO ([ZRIS A S 72b T ZEN RS, FIK KO H
BHIEE I SN RETHD, BEMbEIN =7 0 AT =2 7oL, CoO (ZOWTHHIE T,
INBOFERPHEZ AT 8L, E=F T = — ORI EL/2S 300mm LA EDO R OFEY =— N2l TRRZH
FESAV TN, FHE B O BERIT, IRV Y 7T 7 4 LB TAEL L8, DRI Y 7T 7 4 J71ED FEhik
FEOMHTONDTEAD, D728 B OB RIT, RV 7T 7 4 BT —X 0 7 7 N —T 28> T
FEESNDONEEL, £ AL, SR R OO L ~L % E 5T DT B2 K s
Ffr e BNZEIHD Ao TCD, CoO Zi/INZT D728, 77 Ly 7 7aflifE X —7 M, HEIIC E S 708
HMNHDLATCOARREHASINDRETH D, ZEUEEDOETORFIZBNT, T atA, KK, 2 AN, BREE,
fdtRe, ZRMERIRED /7 0 RN ER S IVRIT AU B0, EFERI7 2 BIL Tl Environment, Safety and
Health DFEAZRTHZL,
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Table69a Thermal and Thin Film, Doping and Etching Technology Requirements—Near-term Years

Grey cells indicate the requirements projected only for near, intermediate, or long-term years.

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM : Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) %: Pitch (nm)(contacted) 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
Equivalent physical oxide thickness for bulk

MPU/ASIC T,, (nm) for 1E20-doped poly-Si [A, A1, 1.1 1.0 1.0

A2]

Equivalent physical oxide thickness for bulk

MPU/ASIC T,y (nm) for 1.5E20-doped poly-Si [A, A1, 1.2 1.1 1.1

A2]

Equivalent physical oxide thickness for bulk

MPU/ASIC T,y (nm) for 3E20-doped poly-Si [4, A1, 13 1.2 1.2

A2]

Equivalent physical oxide thickness for bulk
MPU/ASIC T,y (nm) for metal gate [A, A1, A2]

0.9 0.75 I E 0.5

Gate dielectric leakage at 100 °C (A/cmz) bulk

SE+H X LOE+ L 1E+H JE+H GE+ g 3 24E+H
high-performance [B, B1, B2] R s (P I Y OSSR X S  9.1E+02  1.1E+03 | 1.6E+03 | 2.0E+03 @ 2.4E+03

Metal gate work function for bulk MPU/ASIC  |E,,,—

<0.2 <0.2 X X <0.2
Pl (V) [C]
. . 3 . .
%‘]"””d doping concentration (cm™), for bulk design | 3 7118 | 4,6E+18 | 5.4E+18 | 7.3E+18 | 8.6E+18 | 8.9E+18 | 8.6E+18 | 8.8E+18
Bulk/FDSOI/DG  — Long channel electron mobility
enhancement factor for MPU/ASIC [E] 1.7 18 18 18 ! 18 18
Drain extension X; (nm) for bulk MPU/ASIC [F] 11 9 75 7.5 6.5
Maximum allowable parasitic series resistance for 180 170 140
bulk NMOS MPU/ASIC * width ((Q2-um) [G]
Maximum drain extension sheet resistance for bulk
MPU/ASIC (NMOS) (2sq) [G] 653 674 =
Extension lateral abruptness for bulk MPU/ASIC
(nm/decade) [H] 35 3.1 2.8 25 22 2.0 18 15
Contact X; (nm) for bulk MPU/ASIC [1] 35.2 30.8 275 253 22 198 17.6 154
Allowable junction leakage for bulk MPU/ASIC 0.06 0.15 02 02 022 028 032 034
(/) . R . . . . .
Sidewall spacer thickness (nm) for bulk MPU/ASIC 352 308 275 253 2 198 7.6 154
] . . 4 b } 4 .
Maximum silicon consumption for bulk MPU/ASIC 17.6 154 138
(i) [K] ' ' '
Silicide thickness for bulk MPU/ASIC (nm) [L] 21 19 17
Contact silicide sheet R, for bulk MPU/ASIC ((Ysq) 75 8.6 96
[M]
Contact maximum resistivity for bulk MPU/ASIC
2 1.6E-07 | 1.3E-07 | 9.5E-08 4.7E-08 | 3.2E-08
{2em’) [N]
STI depth bulk (nm) [O] 367 359 353 339 335 331 323 316
Trench width at top (nm) [P] 80 70 65 57 50 45 40 35
Trench sidewall angle (degrees) [Q} >86.9 >87.2 >87.4 >87.6 >87.9 >88.1 >88.2 >88.4
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Table69a Thermal and Thin Film, Doping and Etching Technology Requirements—Near-term Years

(continued)

Grey cells indicate the requirements projected only for near, intermediate, or long-term years.

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM 2 Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) %: Pitch (nm)(contacted) 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13
Trench fill aspect ratio — bulk [R] 5.1 5.6 5.9 6.4 o 7.9 8.6
Equivalent physical oxide thickness for FDSOI

0.9 (1R 0.7 0.6 b 0.5
MPU/ASIC T,y (nm) for metal gate [A, A1, A2]

2
Gate dielectric leakage at 100°C (A/cm”) FDSOI i SE+ o 3 o i
high-performance [B, B1, B2) 7.7E+02 9.5E+02  1.2E+03 | 14E+03 2.1E+03 2.2E+03
Metal gate work function for FDSOI MPU/ASIC | ¢,,
+0.15 10.15
—Ej| (eV)| NMOS/PMOS [S]
Saturation velocity enhancement factor MPU/ASIC
1 1 1
[
Si thickness FDSOI (nm) [U]
Maximum allowable parasitic series resistance for
FDSOI NMOS MPU/ASIC x width ((€2-um) [G]
Maximum drain extension sheet resistance for FDSOI
MPU/ASIC (NMOS) (2sq) [G]
Spacer thickness, FDSOI elevated contact [J] 12.1 11.0 9.9 8.8 7.7 F22
Thickness of FDSOI elevated junction (nm) [V} 22 20 18 16 14 13
Maximum silicon consumption for FDSOI MPU/ASIC 27 20 18 16 14 3
(nm) [K]
Silicide thickness for FDSOI MPU/ASIC (nm) [L] 28 24 22 19 17 16
Contact silicide sheet R for FDSOI MPU/ASIC ({Ysq) 58 6.7 74 83 95 102
[M]
Contact maximum resistivity for FDSOI MPU/ASIC g P S
Qem’) [N] . . .
Trench fill aspect ratio— FDSOI [W]
Equivalent physical oxide thickness for multi-gate i
MPU/ASIC T,y (nm) for metal gate [A, A1, A2] :
Gate dielectric leakage at 100°C (nA/um) muti-gate
high-performance [B, BI, B2] 6.3E+02 7.9E+02 8.5E+02
%jtal gate work function for multi-gate MPU/ASIC o |t | e
Si thickness for multi-gate (nm) [U] 10.3 9.0 84
Maximum allowable parasitic series resistance for 95 9%
multi-gate NMOS MPU/ASIC x width ((€2-um) [G]
Maximum drain extension sheet resistance for 543 557 565
multi-gate MPU/ASIC (NMOS) (2sq) [G]
Spacer thickness, multi-gate elevated contact [J] 8.8 7.7 7.2
Thickness of multi-gate elevated junction (nm) [V] 16 14 13
Maximum silicon consumption for multi-gate 16 14 3
MPU/ASIC (nm) [K]
Silicide thickness for multi-gate MPU/ASIC (nm) [L] 19 17 16
Contact silicide sheet R for multi-gate MPU/ASIC
83 9.5 10.2

(2sq) [M]
Contact maximum resistivity for multi-gate i | s | serans
MPU/ASIC (2ent’) [N] | Bl (Koncen
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Table69a Thermal and Thin Film, Doping and Etching Technology Requirements—Near-term Years

(continued)

Grey cells indicate the requirements projected only for near, intermediate, or long-term years.

Year of Production

2005

2006

2007

2008

2009

2010

2011 2012 2013

DRAM ¥: Pitch (nm) (contacted)

80

70

65

57

50

45

40 36 32

MPU/ASIC Metal 1 (M1) % Pitch (nm)(contacted)

90

78

68

59

52

45

40 36 32

MPU Physical Gate Length (nm)

32

28

25

23

20

18

16 14 13

Physical gate length low operating power (LOP) (nm)

45

37

32

28

Equivalent physical oxide thickness for bulk low operating
power Ty, (nm) for 1.5E20-doped poly-Si [4, Al, A2]

14

13

1.2

Equivalent physical oxide thickness for bulk low operating
power T, (nm) for metal gate [A, Al, A2]

1.1

Gate dielectric leakage at 100°C for bulk (A/cmz) LOP [B, B,
B2]

3.3E+01

4.1E+01

7.8E+01

8.9E+01

Metal gate work function for bulk low operating power  |E,,,,—

dnl (V) [S]

<0.2

Allowable junction leakage for bulk LSTP (pA/1m)

10

10

10

25

1.0E+02

<0.2

1.1E+02

Equivalent physical oxide thickness for FDSOI low operating
power T, (nm) for metal gate [A, A1, A2]

Gate dielectric leakage at 100°C for FDSOI (A/cmz) LOP [B,
BI, B2]

Metal gate work function for FDSOI and multi-gate LOP [S]

Equivalent physical oxide thickness for multi-gate low operating
power T, (nm) for metal gate [A, Al, A2]

Gate dielectric leakage at 100°C for multi-gate (A/cmz) LOP
[B, Bl, B2]

Physical gate length low standby power (LSTP) (nm)

65

53

45

20 18 16

4.5E+02  6.9E+02

2.0E+02 2.8E+02 3.1E+02

midgap midgap midgap

0.9 0.9 0.8

13E+02 19E+02 2.2E+02

Equivalent physical oxide thickness for bulk low standby power
Tox (nm) for 1.5E20-doped poly-Si  [A, Al, A2]

2.1

2.0

19

Equivalent physical oxide thickness for bulk low standby power
Tox (nm) for metal gate  [A, Al, A2]

Gate dielectric leakage at 100°C for bulk (A/cmz) LSTP [B, B,
B2]

1.5E-02

1.9E-02

2.2E-02

Metal gate work finction for bulk LSTP  |E,,,— @,| (eV) [S]

Equivalent physical oxide thickness for FDSOI low standby
power T, (nm) for metal gate  [A, Al, A2]

Gate dielectric leakage at 100°C for FDSOI (A/cm’) LSTP [B,
BI, B2]

Metal gate work function for FDSOI and multi-gate LSTP | ¢,,
—Ej| (eV)| NMOS/PMOS [S]

Equivalent physical oxide thickness for multi-gate low standby
power T, (nm) for metal gate [A, A1, A2]

Gate dielectric leakage at 100°C for multi-gate (A/cmz) LSTP
/B, BI, B2]
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Table69a Thermal and Thin Film, Doping and Etching Technology Requirements—Near-term Years
(continued)
Grey cells indicate the requirements projected only for near, intermediate, or long-term years.
Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ; Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
MPU/ASIC Metal 1 (M1) ¥ Pitch (nm)(contacted) 90 78 68 59 52 45 40 36 32
MPU Physical Gate Length (nm) 32 28 25 23 20
Thickness control EOT (% 30) [X] <+4 <44 <+4 <44 <4
Poly-Si or metal gate electrode thickness 64 56 50 46 £ 36 3 28 26
(approximate) (nm) [Y]
Gate etch bias (nm) [Z] 22 20
Lgate 3o variation (nm) [AA] 3.84 3.36 3.00 ‘ 2.76 2.16 ‘ 1.92
Total maximum allowable lithography 3o (nm) [AB] | 333 291 2.39 2.08 1.87 ) 135
Total maximum allowable etch 3o (nm), including
photoresist trim and gate cich [AB] 1.92 1.68 1.20 1.08 0.96 0.84 0.78
Resist trim maximum allowable 3 o(tnm) [AC] 1.11 0.97 0.69 0.62 ‘ 0.55 0.48 0.45
Gate etch maximum allowable 3o (nm) [AC] 1.57 1.37 0.98 0.88 ‘ 0.78 0.69 0.64
CD bias between dense and isolated lines [AD] <15% <15% <15% <15% ‘ <15% NEA <15%
Minimum measurable gate dielectric remaining (post
gate etch clean) [AE] >0 =0 =0 =0 =0 =0 =0
Profile control (side wall angle) [AF] 90 90 90 90 90 90 ‘ 90 920 90
Allowable V; shift from charge in dielectric (mV) [AG] 10 10 10 10 10 10 10 10 10
Allowable interfacial charge in high-x gate stack
-2 1.0E+11 | 1.1E+11 | 1.1E+11 | 1.8E+11 | 2.0E+11 | 2.2E+11 | 2.2E+11 | 24E+11 | 2.7E+11
(cm”)[AH]
Allowable bulk charge in high-x gate stack (cm-j) [Al] | 24E+17 | 2.7E+17 | 3.0E+17 | 7.5E+17 | 8.9E+17 | 1.1E+18 | 1.1E+18 | 1.3E+18 | 1.7E+18
Allowable bulk charge in high-x gate stack (ppm) [AI] 11.1 123 13.6 34.0 40.5 49.0 49.0 60.5 76.6
Allowable critical metal impurity level in high-x
diclectric (ppm) [AJ] 1.1 1.2 14 34 4.1 4.9 4.9 6.1 7.7

* TSRS GRS OV THE, T2 T EOREEFIT — 22 —MNZHE 2003 2242 Rs & 2003RsXj &2/,

Manufacturable solutions exist, and are being optimized

Table69a & b 1259 DR

Manufacturable solutions are NOT known

Manufacturable solutions are known

Interim solutions are known | 4@

[A] ZOEEAT. £ DEANO R RENWEE I ET T HAARCEMRO B RZBR N HERIED FENIIRES D AR L TND,

DIRTA=ZT, TR (TR L BR(ZEZAL)DRR AT IEL T2 A B D

o S
ER

HIRIEZBL THSHIL TV,

=
ER

. 9

T B B2 S (CET: Capacitance Equivalent Thickness)i&, EOT &I E720, 7 —NARI T VT)DZEZ LD F5-

8 A TTND, JVEEMZL EOT HIEICBIL T, Vo 7S 7 7 A M DBI DT — 27 —R T

ZHIA
nEGA

S TW%, EOT D

IZ. PIDS DFE /RSN TWDERIIILT /SA AT A—Z(CET)NHEETZSITND, TNE ORI 5T
Y ARNVORERK, F—E 7 ROEE TRED IO F — I A=A —MEZALDZHIE MASTER L OO Il

—HEHNTELS I TS,

[A1] EOTOEIES — NEROW DD L ORSIL TS, ZAbIE, AUV BRI D TR s
DO FEDOFFILEED 1x10%em’ (ROR—EL2), 1.5x10%%em’ GREOBHE). 3x10%%em’ (B2 R — 2 2D
B FL TR — e WA THD, BLZOMEEL T, PolyfEMO222 JE/FIT 1.5E20 THJ 0.4nm, 3E20 THJ
0.3nmThD, HE-T, RV DR —EL 7% 1E20 7°5 3E20 ~E0T- L, FFASNAEOTIE 0.20mEE 175, [FIEELZ,
AZNVT— DT 1.5E20 DIREEDRY LI AZEAK] 04nm/E UV EOTAMEZ 52812725, High-k/ARY U=z 5t
T TERE 2L OB D DT | ZLDOMBZEIFAZ VYT — NMehigh-KiEFRIEOE A LRI 0HHNTZLIRTIEA

L72WEBZTNDERBILD,

[A2] THNZEHNOFAHAIZIBIT DELTHE, HEFIFEAY — 27 B, Mo BN D BRI D E 0 E BB L
TRDENT, ZOVFIATIE, 3 DO2TOHIRMHP, LOP 2L T LSTP)ZHIL Tl b7z b Tlabid<e
BRAN ST DI LT, 6> T, high-k #ERRIRSMBEL725, Highk LRI LV 7 — NI B35 5
HIDFEEDAA IR DHEFRA D FFZ Inm LA O EOT(Z<1E SiON-HSiION R ) Cldg tl7e> T %, 1nm LA
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FTCAYNF — e BT D D72 thod 2T high-k HEfEETIL, BEAORIEIZ T2 80E FIEN SO TR,
L LIz,

[B] 7" —hN)—27%&EHtlE 100°CTHIESI, N7V AFDOERIZEBIT DV T AL L/ L RERDPHEXHENZH O THD,
T INAAD) — I EIIPIDSDFED Y7 Dt~ 2> -High Performance and Low Power Technology Requirements-"C
ERIZBIT DA 7RO — &t RV — 2 87— N — 2RI 0) ELTHIES LTS, 100°CIZHB1F 57 —R)

— I EIRD AN NIRRT BT DT RAADY T AL a) L RY— T BAE T T2 DL LTz, FOTITIL 2 SO
FZnbb, 1 DHOHEFEIL, EBEOT V7 EOETONI L PAAIMENVIEFF ORIV AL TIIIRNEVIZEEEEL
b DO ThD, HPF v EDIFEALEDINT AR IENVIEG T 5, 37805, V—VERERTA7 B/ S0, HP
Fo 7 THEEOFEDNT DAL MEDONDZ LA ZE L OB EEL L T — 03T 0.1 LU=, w2, LOPE
LSTPF 7 CIHFEAE DT D AEPMRNVIZLD T, FH—DERIL 1 L7, B OERITEEOFRETHY, Fil
THIESNIZT SAADY T AL v a/V R — 27 ZEWERE L BTN 22 A2 B E L T-b DO ThD, mi CEME
TDHHPT /NAATIE, 5/ _OHEFIT 10 £L7=, LOP, LSTPHRIZ DWW TUHRENMENO T, ZNEN S &1 LT, €
TIVIREDA L TA L DEFT 7 ANV TIEI o 7 ST AiB 7 7 A /v &L CTHEES IS (hitp:/public.itrs.net) . ZD K
W7 =N =% T ISAADY T AL L2V RSO D2 L, BIEENED N0 DI RV <b D2 EE 2.5, LinL,
BTORGFEURZE) BNZDIH72RER — N — 7 & A TR L TODERTIERNZ L] Jiaa“éz\%ﬁ%éo 7 —h
V=2 BT NHEDT SAATRES I, DA IIRTDORNT L VAZDNSAT AE M (V= Vi =0 | Vg = Vg
BLOV,=V4=0, V, = Vi)l S5,

[Bl] HWfEHT-VDF —R—21%, ﬁﬁﬁ N — 227 — R CTEIS T TET MEL TS, LI LIRS, #87
—RN—=213RD 3 DOV—I G DEFI THLIEITERET XETHD: 1) 7 — Y —=AF =Ty T HERD Y — A&
—hDRDY—7, 2)9;’V/;\r/1/ﬂﬁf£@£@9;“\¢/z‘/l/&/f DDV —2  BEON 3y —b-RLA L d— 3T 7 HEIHIC
BIFBEF—FERL AL DOV —2, ZNHD 3 DO DENENDRESITT —b, V—A BLORL AL DA T A
ST T D, V— 7 EIEO BT, EOTOHFIRAEIZHT L TRERL 7= T v o DT — bR L3 58 %
UTQUANT > 22— ar LI RIZESDN TN D, (INbD v Iab—arfRidiov—ry—heL T
http:/public.itrs. netfﬁ/?/r/#%ﬁﬁfé% ) — IR RV EREE IR LT v p V& — R DL A7
—ReDTIEDMNIZELIRD THAIZ LTSN DRETZ, LT3 > T, ZHD Il —a i, 7 — AR O
T —\TG TR e N T2 B X T e BV — AR — ) DAREEE R L T D, FREIENY — 7 O H AR A i T
Fex, ZOMETAL D, HFTORERCTIL, ot -BRE IO — 7B IELIEIV B L 30 KV ﬁmfa?
SN REAIE T — 7 EIRD ARy I 3iil= UL A&7 5, High-klFEaRE L TR EEET 255121, 1ERA2 |
FANWTE D IREAL2D,

[B2] BELEN2WVT —N)—2ENT, Fo 7 D EOTRCOT AR IR FEE S LN — N — 7 3N
AT HRERITF BT, NU—v =AML TL, TR CEALF 2T — L~ LA R AT DT
~§7“r7‘/%°%£¢51® Vt ZH 0T SAAD IS5 3T — BN O 2 JRFIA A 352 NN L 72 B TH A,

[c1 7 aﬁﬁ@q‘i%%ﬁi PIDS DT NAARGHIFESLDTHD, 7NV T T SIAATHL, BBOAFEE LT v+
ILDOR—E 74k, it e KL LA 7 B ORI T A ADMIEE 22 ha—/v 3%, [A]
REZ, R—E> 7 iﬁ?kz‘/v?ﬁ%&%@f THBE 5.2 Db ] mz%&focof% PIDS DT /A AFLGFTIE
FEFRIEUE Ec 205 0.1eV IR E N Ev 205 0.1eV _HAIZNZ32 4 NMOS & PMOS (i ChHEL TS, i%TL
RENTWBAEFEREOVLELL, S Va DRV RS 026V LINTHD, 7 — ORISR IS0 035805
ELTH EFREZOLOE 10mV 3 0 LINIZHTESNDMER S D, T 7/ AD BRSO FFREPAZ IO H T
RBNSTHD,

[D] 7SVTTINAADTF X RV —E 7 EIFPIDSD T A AR FHI I SIS D THD, R—E U713, 7 — MR
REARS LT v 1V REFIET 2L DO THLOT, NSRRI AR LT D L E N H D, R —E 7R
FETRT v RV DRITIHIS A DY, ZAUETF v VB ENE OO h e ) — 7 BB R E N — A7 O RfRICH
Do FTRENTAEL, [FIRRGE LA T T R A SR T D, 5 % 10 em’ DL EDOR —E > 7R EE I3 SRR v
AR S S WA R A= E R YUY I - TNV S U R R Dyt

[E] #S/VZ/FDSOIDG - £F ¥ /L NMOS 7 A AIZBITAHH T —/E T BEEOE —/fHED R F2RLTWD,

[F] ¥ RN D Xj(TI AT 2 a AT PIDS D7 LT T 3A AGEFHZ BT (1 25%DFiH T) G251 Tndh DT
BB, DiOR—R~<y 7 T, Xj1X0.55 X Py —hREL THEZLI T, LnLZRAS, CET 27 —hEEHcAyr
=V T ENZLTIeo TETNWLD T, TIAT L a HRIIEVERIIC A — ) T &5 89127857, NMOS &
PMOS O#FEGTRSIZFICAE TH L,

[G] NMOSIZBIF A RO ZFRESHEHUIPIDS DT /A AR FHIHESE D Tdh D, PMOSDOFAHHUINMOSD 2.2
fEesnTz, RORV AL I AT va O —MEFUL, FFESNDORL AL ) —AFFERID 15%EET WAbSi T
WD, (ZOFEDEFIDV 77 7 ANV TRXETNSNIZT — T — B IR) FARTIOERE 2 RE L Cili/z 77
&5 L\ RLALv I AT ar D /—Mﬁﬁﬁ $, I INMERE (REAVIRPUCEE 5.2 D) B26 ORT RO 2EM:

(B ES N2 AUE e b7, ZAUT, IS T VR B T L TR, FEREL TESN- Y — MNESUE IR E L
LT@%LH%“B%L%)'\%T BB,

[H] ?¥XJV@%wﬂr$(m${if FUIR—E U ZWEEN 1 H7 F 3D EEAE=0.11 X WFLS — MR (m)& T, T v 1L
RIS TR, OB RO RIEIET, HAOBTIIMC 3 MR —t 7 IREN FADILITARNS L, HATRSD
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60%E LT, A>T 7L —ar OBPIZET 54 T4 A e E RO TH B DL,

0] 7SI T SARZRIL T, 227 MEGTRS=1.1 X WL — N (£33%D i T)& 7%, NMOS & PMOS O#EGE
SIEFRIETHD,

0] 7SV T RA AR L TUE, A= ORISR LT 27 MEATRSEFRILESINTND, T2, 1.1 X Ly Th D,

“Response Surface Based Optimization of 0.1 um PMOSFETs with Ultra-Thin Oxide Dielectrics”'®\Z 2 # i S sz FAU
TIEY AL LTz, FDSOIE~ /LT 4 —MIxL T, A—HIEITNS7, T7205 0.55 X L& L7z, (COHEDET
[PV 77 7 AV TRXET SN ESNTT — 7 — N B R

[K] ST T SARIZHLTE, Va3 OEEIIa 27 MEGITRS D E LS DET 5, L _—TF yRas 4y
N HEER FDSOI 0o~ LV F 7 —h T SA AT, SV ARIEEIL S VAR 2 FULIN T V7 — M5
R ER—EEIC IR TESND, SV OIS )2 DEXEFEU Ths,

[L] 7?7 T SARKIL TP AREDES L, SV OEEITRR 22 27N — 7 ORI RET 572012, =2
BINEESXIO PO 112 &35, BRSO RMMNEEINDZ LD, T T _R—TF o Rar 2 MG &R
FDSOIE~ /LT 57— T SARZRIL T, YU AREOESX, 77— MERIE/ T v Vi L0 o HfgEs -V
L ETEEETDEZET D, 27 VT Z DX ATV ARDEGEIZIE, SV ARBERIZEE LIS Va2 DES|IC
FHEFEL, =7 VB VU AR T, YUY ARBOESITEE LIV [BED 222/1.84 5705, & TIHENISI(=
VR SV ARYVERE LT,

[M] 227 AV AROT—MEFTUE NiSi 123 LT 16 uQ -cm EELTZ,

[N] Va2 U AR 27 MEFLO KL, PIDSSFFAL7-MOSFETDY —A/R v%x#ﬁ&#@imi:/w
MEHUZEN Y THNTEEWHME TREASIVTCND, BT, MV UAZ DI Z IO B N> T2 ZE3MPUN
—TEYFD 2 fFTHHEEL TUVD, PIDSOESF 7 Rs X WIZHE L THDHD T, :V&awﬁfﬂhocc;trhoc—mxw
XMEIRD, BIRDINT P AZ DAL B NESEAE LTS EIZIE, ZUHOEILEENIE ES 2T e nzn, (2
DFEDE IOV 2774/ TContact RETINENTZT—7 v — s l)aL 27 MEFIE=RI iﬁik%?&*@f%@%&%‘%
DT NAATIIEH TEIRWZETEBEN LI THD, FEBRPIOERE 2IREL Ti7= 372012, a2 7 METR, K
LAY ZI RT3 ay DIRENR, R ALy AT 3 a O T e A PE LRI Sam LS iU bau,

[0] 7SI TOR L FIRSIE, T H I MEATRSEY VD ZEZ Jalgz i L=t DIl 35, HBIEEIT 2003 4C
DfE% 400nm EFREL THRODT-,

P] /DD TR MPU N—T7E T LT,
Q] N FDIEIENy 7 O~HNEDH43 LL RITITM S hans LTz,
R] ¥ AZDEE|Z DRAM N—TE S F D3 HR D o FIESE A T2bDE LT,

S] FDSOI LW~/ F 7 =T A RTIE, 7 — ORI T A AD B EEZ2 D0 5 FHK Th D, iE-T,
mldgap FHEDMMNEEYTHD, DT SAAZAT | ﬂLTI—JLﬁ$E§J£&Z§:§>é¥£F'Eﬁﬁ‘ﬁ%"“é:&\ LU TR S
(R TR RSO A i/ NS D2 8, BV T U > TERITFERESN TVD, AEEERIES NMOS, PMOS %
AL UKL T midgap 725+ 0.15 eV (LSTP Tid+ 0.1 eV)O) Bra b B 2 SR — M B2 bivg, K= Ak
Jifi72 8D FHERTIE, NMOS & PMOS (2% L CTH—0 midgap fEERIEAEFFOL O Tl RO T<bDOEHND,
PSIVITISAADT —NERICBILTE, AT 10mV (30 ) Tar be— L SNDUENBHD,

[T] fafmE O m _EARE, *2013 LARRI T M) EAREIT SUART v 71 EARER kbal DHIZE FTUD, (PIDS )
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SEOFELT-, ZhUL, BHINTZL AN = AITRERRE AT HIE, T 7 oA B W THSHER
;%ré%%zof;u%r“ THSENZE LUVIHREEE A TND, ZOBEDEFRO Ty F o 7\ T DMBEEZ S oD
Z&,
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2 RIZEW ETHRD,

[AD] 15%E\V OB RZ— L EENZ— D CD 722L\VHDIE, myF o7 VT T7 4 B L OFHAEN O & G4 A5
b DOTHD,

[AE] 7 —hTo T2 7 OYes TR IR > QDI ENEETHD, B CHuRIEIXR L, R
high-k M*Jr(zoos)rﬁvf MRS L TG D, ZALD 2 DOERDTZD | HEFEAN N HDES TNDZEERFE
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[AF] 7 —MBIRIT =T 7 REZEARAKS RO FHEK LD, TEIRO EMEZRFHITEREEL TR TS, B M
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Gate error produced @ 89 degrees = 3.5 nm

Gate 65nm  53nm  45nm 37nm 32nm 30nm  25nm

Length:
% error = 5.4 6.6 7.8 9.4 10.9 11.7 14
89
+—>
Error Gate Length

[AG] fiil% SEMATECH DU —F > 7 R a A Wb LT, BRI OEET 0L BEHIAN AL ->ThT
VT IT RNy T ENTH OO i E ST

[AH] 2 COEMMITS/HEFEREIZHDEET D, 705, 7L EMi1E72< Si0y/high-k R BATIIAFAEL 720
HOELT,

[AL] i) S BN 3A L7 B — D (high-K)FERKIEL, 1) LB AR SRITSIONND 4 1%, ZELTZ, 2L DI E % ppml T
RS Z%’ﬁiof %, high-kikaisE O & @R 15 B I3SI0, T OSIEFIL, 4725 2.2 x 10%/em* L7z,

[AJ] High-k F1 DR (ERT7) D 90%IIAFE > TODEE G DO KIGIZESH DT, 10%I38m Az L ob DLz,
FOIHEBEL T TN PHEIND, a) Ti. Sc. Nd, V. Ta, Nb 728 F v 7 e IR O = p L —HEN D d-FE 15D
S>TWHER AR, b) high-k KVZLD d-FB 12> TV DB AR, ¢) Cu, Ag, Ag, d) high-k & JEDHGHERINAR,

[FREVE: B30 o) D Ag i Au DRTEWEEbILS, ]
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Table69b

Thermal and Thin Film, Doping and Etching Technology Requirements—Long-term Years

Grey cells indicate the requirements projected only for intermediate, or long-term years. Near-term line items are not included.

Year of Production 2014 2015 2016 2017 2018 2019 2020 Driver
DRAM : Pitch (nm) (contacted) 28 25 22 20 18 16 14 DRAM
MPU/ASIC Metal 1 (M1) ¥: Pitch (nm)(contacted) 28 25 22 20 18 16 14 MPU
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6 MPU
f:,% i [e’ Z%?‘Zor ffro;’f}fg%’[eé?lg]m"" mobility 18 18 18 18 18 18 18 | mpuusic
Equivalent physical oxide thickness for FDSOI MPU/ASIC
MPU/ASIC T,y (nm) for metal gate [A, A1, A2] FDSOI
Gate dielectric leakage at 100°C (A/cmz) FDSOI MPU/ASIC
high-performance [B, Bl, B2] FDSOI
Metal gate work function for FDSOI MPU/ASIC | ¢, MPU/ASIC

_E}| (eV)| NMOS/PMOS [S]

Saturation velocity enhancement factor MPU/ASIC

1

Si thickness FDSOI (nm) [U]

FDSOI

MPU/ASIC

MPU/ASIC
FDSOI

Maximum allowable parasitic series resistance for MPU/ASIC

FDSOI NMOS MPU/ASIC x width ((£2-um) [G] FDSOI
Maximum drain extension sheet resistance for FDSOI MPU/ASIC

MPU/ASIC (NMOS) (sq) [G] FDSOI
. MPU/ASIC

Spacer thickness, FDSOI elevated contact [J] 6.1 5.5 FDSOI
. ) . MPU/ASIC

)
Thickness of FDSOI elevated junction (nm) [V} 11 10 FDSOI
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Table 69b Thermal and Thin Film, Doping and Etching Technology Requirements—Long-term Years

(continued)

Grey cells indicate the requirements projected only for intermediate, or long-term years. Near-term line items are not included.

Year of Production 2014 2015 2016 2017 2018 2019 2020 Driver
DRAM 2 Pitch (nm) (contacted) 28 25 22 20 18 16 14 DRAM
MPU/ASIC Metal 1 (M1) %: Pitch (nm)(contacted) 28 25 22 20 18 16 14 MPU
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6 MPU
Maximum silicon consumption for FDSOI MPU/ASIC MPU/ASIC
(nm) [K] FDSOI
Silicide thickness for FDSOI MPU/ASIC (nm) [L] Mgg?gll ¢
Contact silicide sheet R for FDSOI MPU/ASIC MPU/ASIC
(sq) [M] FDSOI
Contact maximum resistivity for FDSOI MPU/ASIC MPU/ASIC
Qent) [N FDSOI

Trench fill aspect ratio— FDSOI [W] FDSOI

Equivalent physical oxide thickness for multi-gate
MPU/ASIC T,, (nm) for metal gate [A, Al, A2]

MPU/ASIC
Multigate

MPU/ASIC
Multigate

Gate dielectric leakage at 100°C (nA/um) muti-gate
High-performance [B, Bl, B2]

Metal gate work function for multi-gate MPU/ASIC
5]

MPU/ASIC
Multigate

Si thickness for multi-gate (nm) [U] Multigate

MPU/ASIC
Multigate

Maximum allowable parasitic series resistance for
multi-gate NMOS MPU/ASIC x width ((Q2—um) [G]

MPU/ASIC
Multigate

Maximum drain extension sheet resistance for
multi-gate MPU/ASIC (NMOS) (2sq) [G]

MPU/ASIC

Spacer thickness, multi-gate elevated contact [J] Multigate

MPU/ASIC
Multigate

Thickness of multi-gate elevated junction (nm) [V]

MPU/ASIC
Multigate

Maximum silicon consumption for multi-gate mpu/asic

(nm) [K]

MPU/ASIC

Silicide thickness for multi-gate MPU/ASIC (nm) [L] Multigate

MPU/ASIC
Multigate

Contact silicide sheet R for multi-gate MPU/ASIC
(sq) [M]

Contact maximum resistivity for multi-gate
MPU/ASIC Q-cni’) [N]

MPU/ASIC

1.8E-08 | 1.5E-08 | 1.eE-08 | 1.1E-08  8.8E-09 7E-09 ;
Multigate

Equivalent physical oxide thickness for FDSOI low
operating power T, (nm) for metal gate [A, Al, A2]

Gate dielectric leakage at 100 °C for FDSOI (A/cmz)
LOP [B, BI, B2]
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Table69b Thermal and Thin Film, Doping and Etching Technology Requirements—Long-term Years

(continued)

Grey cells indicate the requirements projected only for intermediate, or long-term years. Near-term line items are not included.

Year of Production 2014 2015 2016 2017 2018 2019 2020 Driver
DRAM 2 Pitch (nm) (contacted) 28 25 22 20 18 16 14 DRAM
MPU/ASIC Metal 1 (M1) % Pitch (nm)(contacted) 28 25 22 20 18 16 14 MPU
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6 MPU
%g?g”e work finction for FDSOI and multi-gate midgap midgap | midgap = midgap | midgap ‘ Midgap ‘ midgap Lop
Equivalent physical oxide thickness for multi-gate low LOP
operating power T, (nm) for metal gate 0.8 0.8 0.7 0.7 0.7 0.7 0.7 Muliigate
[A, Al A2]

Gate dielectric leakage at 100°C for multi-gate o | ot | e | e | e | s LOP
(A/emi’) LOP [B, BI, B2] - - : : : : Multigate
Equivalent physical oxide thickness for FDSOI low LSTP
standby power T, (nm) for metal gate  [A, A1, A2] FDSOI
Gate dielectric leakage at 100°C for FDSOI (A/cmz) LSTP
LSTP [B, BI, B2] FDSOI
Metal gate work function for FDSOI and multi-gate LSTP
LSTP | ¢, — Ej| (V)| NMOS/PMOS [S]

Equivalent physical oxide thickness for multi-gate low 1STP
standby power T, (nm) for metal gate Multi-gate
[A, Al A2]

Gate dielectric leakage at 100°C for multi-gate LSTP
(A/em?) LSTP [B, BI, B2] Multi-gate
Thickness control EOT (% 30) [X] MPU/ASIC
Poly-Si or Metal Gate electrode thickness

(approximate) (nm) [Y] MPUASIC
Gate etch bias (nm) [Z] MPU/ASIC
Lguse 3o variation (nm) [AA]

Total maximum allowable lithography 3o (nm) [AB] MPU/ASIC
Total maximum allowable etch 3o (nm), including

photoresist trim and gate etch [AB] 150 = ’ ’ = = MPU/ASIC
Resist trim maximum allowable 3 o(nm) [AC] 0.35 k X : L L MPU/ASIC
Gate etch maximum allowable 3o (nm) [AC] 0.49 k : b L L MPU/ASIC
CD bias between dense and isolated lines [AD] <15% 5 5 MPU/ASIC
Minimum measurable gate dielectric remaining (post

gate etch clean) [AE] MPU/ASIC
Profile control (side wall angle) [AF] MPU/ASIC
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Table69b Thermal and Thin Film, Doping and Etching Technology Requirements—Long-term Years

(continued)

Grey cells indicate the requirements projected only for intermediate, or long-term years. Near-term line items are not included.

Year of Production 2014 2015 2016 2017 2018 2019 2020 Driver
DRAM : Pitch (nm) (contacted) 28 25 22 20 18 16 14 DRAM
MPU/ASIC Metal 1 (M1) ¥: Pitch (nm)(contacted) 28 25 22 20 18 16 14 MPU
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6 MPU
Allowable V; shift from charge in dielectric (mV) [AG] 10 10 10 10 10 10 10 MPU/ASIC

Allowable interfacial charge in high-x gate stack

-2 20E+11 | 20E+11 | 20E+11 | 22E+11 | 22E+H1 | 24E+11 | 24E+11 | MPU/ASIC
(em”)[AH]

Allowable bulk charge in high-x gate stack (cm_3) [AI] | 89E+17 | 89E+17 | 8.9E+17 | 1.1E+18 | 1.1E+18 | 1.3E+18 | 1.3E+18 | MPU/ASIC

Allowable bulk charge in high-x gate stack (ppm) [Al] 40.5 40.5 40.5 49.0 49.0 60.5 60.5 MPU/ASIC

Allowable critical metal impurity level in high-k

dielectric (spm) [AJ] 41 41 41 49 49 6.1 6.1 MPU/ASIC

* E TSI L DRGNS DU T, AT EORFEE T — 22— N5 2003 2242k Rs & 2003RsXj
FZHE,

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known | 4@

Manufacturable solutions are NOT known _

HEWIOMPSRIL, @dE O —NBLBU VT 2 X570 BRI (R E O S EN DB T 2 15
FEMEZAT2EWFHEERFHINICIE >10, EFIMICIE2002 0 T M EIOREN LI CTH D, HEX—AD
R DINERA THRB) LY, L T =Ju R ~DZEFED L E LT 5T D, SIOLMOFEHT
BE- 2 EEA L, B SN R L T v o RV OB EME A HEEF T 2720 I IEF 12 Si0,2>SiON
INF o KNV REE TEHLELMETHHEVIZETh D, ZO R H BT LR EFEE O K E i,
High-kiffifx s e Z L2l H b A5 a2 > TLE), TEXF UYL RS 7iFERIZLY
ZORERBEPEBRT A LT TEDN, TE AW/ TIET v VBB DL Lo B O Sk B o3
JRK L&D 2 DARFFRFRED RS TUNVD,

VM E High-k 8814 OREEST200 0-Si-0 fEAHes R, 4 H E 0.4nm 2V )%
(LI EEE DA — Y IR A S 7267, 70, Sk AR Bl — NERME D ] C Al UG A i MR IS
P52 07 BB RBR IR R T 2R 0 7ektifa Bk Al 22, LT —MNEMmRO I35
ORI Ew b9 D7 DI RN LB L7 D LTRSS, Eio, BEEREE S —MEom Bk
300mm<PE AL _ED K AT =D Vil &2 2R T AT OICAR R R ThDH, AAAEART TR~y T
T 7 e AFRBERC S — MR — = ZIR T DO ORI, R, V— 7B — Mg
WECBBAURT T D7D 4 HELRD,

BIOPRELEL T, 7 — R — 7 O ER G B R EHO W 5 &5 7= T B IR R E O EBL R H T 55,
ZIHDERETER T H7201Z, High-k #ERREIZEVE i P BEEEN RV A Al S =< DOFERE S S
leV LI ET, 4-5¢V DNNURF vy 7 2B L TCORITIURRBR, SO, EfiE 705 BIKITZEE T, v
Frenkle-Poole by R 7 2T _LKF YU T DT 7 B I T CEAFRE DL~ LTl TRITHAR,
Bt2IZ, 7 —MERIERENL, 77— MBS B — NEB DR — R ML ThIU P AF DT v RV E
GRS NDHZED NI AR LB IEREZ AL TUORITIUEZR B0,

P NEML AR OA =D 7T D EEAAERRRE THY | AR, TR, B8N CMOS 1k
(2T BDHEEA ML, 7 — NEMROFT LN MERIBEHZ T B2/ T A= Th D, 77— NEMOFRBEIZ X7
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DEIFRIREL T, =2 T SNTRI AR — A 7 DSERCHRY RO SiGe 7 —NEDE
AT BND, 7 — M ~DRY 312 AD L (213, EACEER O ) LR IC LR T/t
HEABGHIE 2 T 57201 — 7 SR v ar OFEMAVALERIZ b 35 L0 — = OB 38 1 3MRD TEHET
bbD, RUZOHNTFTIERUZELIRHT v FN~DHCR—E 7 LRIy DZEZ AL RIE TR
X, T 2T VR =T ENTAR) YT — MR 2 (WSR2,

&R — Mg e h BEHIOFIERITH LT, 130N TR BN ENn5, —HleZiT 5L,
BB —NEOMEFRBII TN T NOE T TV r—2a AL TRIRDEVIZERH D, 7T D
NMOS & PMOS - Z3W T RSB0 L, BREY AT A EE T v R 2R LV BLED D B
ROPOENE