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Equipment related IC-scale
+ Equipment/Feature scale Modeling * Circuit Elements Modeling
+ Lithography Modeling * Package Simulation

A

» Numerical Methods
« TCAD for Design, Manufacturing and Yield
« Materials Modeling

Feature scale
+ Front End Process Modeling  « Tnterconnects and Integrated
+ Device Modeling Passives Modeling

Figure MS1 Modeling and Simulation Scopes and Scales
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Table MSI Modeling and Simulation Difficult Challenges

Difficult Challenges > 22 nm Summary of Issues

Experimental verification and simulation of ultra-high NA vector models, including polarization

effects from the mask and the imaging system

Models and experimental verification of non-optical immersion lithography effects (e.g., topography

and change of refractive index distribution)

Simulation of multiple exposure/patterning

Multi-generation lithography system models

Simulation of defect influences/defect printing

Optical simulation of resolution enhancement techniques including combined mask/source

Lithography simulation including EUV optimization (OPC, PSM) and including extensions for inverse lithography

Models that bridge requirements of OPC (speed) and process development (predictive) including EMF

effects and ultra-high NA effects (oblique illumination)

Predictive resist models (e.g., mesoscale models) including line-edge roughness, etch resistance,

adhesion, mechanical stability, and time-dependent effects in multiple exposure

Resist model parameter calibration methodology (including kinetic and transport parameters)

Simulation of ebeam mask making

Simulation of directed self-assembly of sublithography patterns

Modeling lifetime effects of equipment and masks
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Modeling and Simulation Difficult Challenges

Difficult Challenges > 22 nm

Summary of Issues

Front-end process modeling for nanometer structures

Diffusion/activation/damage/stress models and parameters including SPER and millisecond processes
in Si-based substrate, that is, Si, SiGe:C, Ge, SO, epilayers, and ultra-thin body devices, taking

into account possible anisotropy in thin layers
Modeling of epitaxially grown layers: Shape, morphology, stress
Modeling of stress memorization (SMT) during process sequences

Characterization tools/methodologies for ultra shallow geometries/junctions, 2D low dopant level, and

stress
Modeling hierarchy from atomistic to continuum for dopants and defects in bulk and at interfaces
Efficient and robust 3D meshing for moving boundaries

Front-end processing impact on reliability

Integrated modeling of equipment, materials, feature
scale processes and influences on devices, including
variability

Fundamental physical data (e.g., rate constants, cross sections, surface chemistry for ULK, photoresists
and high-« metal gate); reaction mechanisms (reaction paths and (by-)products, rates ...), and

simplified but physical models for complex chemistry and plasma reaction
Linked equipment/feature scale models (including high-k metal gate integration, damage prediction)

Removal processes: CMP, etch, electrochemical polishing (ECP) (full wafer and chip level, pattern

dependent effects)
Deposition processes: MOCVD, PECVD, ALD, electroplating and electroless deposition modeling

Efficient extraction of impact of equipment- and/or process induced variations on devices and circuits,

using process and device simulation

Ultimate nanoscale device simulation capability

Methods, models and algorithms that contribute to prediction of CMOS limits

General, accurate, computationally efficient and robust quantum based simulators including

fundamental parameters linked to electronic band structure and phonon spectra

Models and analysis to enable design and evaluation of devices and architectures beyond traditional

planar CMOS
Models (including material models) to investigate new memory devices like MRAM, PRAM, etc.
Gate stack models for ultra-thin dielectrics
Models for device impact of statistical fluctuations in structures and dopant distribution

Efficient device simulation models for statistical fluctuations of structure and dopant variations and
efficient use of numerical device simulation to assess the impact of variations on statistics of

device performance

Physical models for novel materials, e.g., high-k stacks, Ge and compound I1I/V channels ...:

Morphology, band structure, defects/traps...
Reliability modeling for ultimate CMOS

Physical models for stress induced device performance

Thermal-mechanical-electrical modeling for
interconnections and packaging

Model thermal-mechanical, thermodynamic and electronic properties of low «, high «, and conductors
for efficient on-chip and off-chip including SIP layout and power management, and the impact of

processing on these properties especially for interfaces and films under 1 micron dimension

Model effects which influence reliability of interconnects/packages including 3D integration (e.g.,

stress voiding, electromigration, fracture, piezoelectric effects)
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Table MSI Modeling and Simulation Difficult Challenges

Difficult Challenges > 22 nm Summary of Issues

Models to predict adhesion on interconnect-relevant interfaces
Simulation of adhesion and fracture toughness characteristics for packaging and die interfaces

Models for electron transport in ultra fine patterned interconnects

Supporting heterogeneous integration (SoC+SiP) by enhancing CAD-tools to simulate mutual
interactions of building blocks, interconnect, dies and package:
- possibly consisting of different technologies,
- covering and combining different modeling and simulation levels as well as different simulation

domains

Scalable active component circuit models including non-quasi-static effects, substrate noise,

high-frequency and 1/f noise, temperature and stress layout dependence and parasitic coupling

Circuit element and system modeling for high
frequency (up to 160 GHz) applications Scalable passive component models for compact circuit simulation, including interconnect,

transmission lines, RF MEMS switches, ...

Physical circuit element models for I1I/V devices

Computer-efficient inclusion of variability including its statistics (including correlations) before

process freeze into circuit modeling, treating local and global variations consistently

Efficient building block/circuit-level assessment using process/device/circuit simulation, including

process variations
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Table MSI Modeling and Simulation Difficult Challenges

Difficult Challenges <22 nm Summary of Issues

Computational materials science tools to predict materials synthesis, structure, properties, process options, and
operating behavior for new materials applied in devices and interconnects, including especially for the

following:

1) Gate stacks: Predictive modeling of dielectric constant, bulk polarization charge, surface states, phase change,
thermomechanical (including stress effects on mobility), optical properties, reliability, breakdown, and

Modeling of chemical, thermomechanical leakage currents including band structure, tunneling from process/materials and structure conditions.

and electrical properties of new materials . o . . . . . . .
2) Models for novel integrations in 3D interconnects including airgaps and data for ultrathin material properties.

Models for new ULK materials that are also able to predict process impact on their inherent properties

3) Linkage between first principle computation, reduced models (classical MD or thermodynamic computation)

and metrology including ERD and ERM applications. Modeling-assisted metrology.

4) Accumulation of databases for semi-empirical computation.

Process modeling tools for the development of novel nanostructure devices (nanowires, carbon nanotubes

Nano-scale modeling for Emerging (including doping), nano-ribbons (graphene), quantum dots, molecular electronics, multiferroic materials
Research Devices including Emerging and structures, strongly correlated electron materials)
Research Materials Device modeling tools for analysis of nanoscale device operation (quantum transport, tunneling phenomena,

contact effects, spin transport, ...)

Materials and process models for on-chip/off-chip optoelectronic elements (transmitters and receivers, optical
couplers). Coupling between electrical and optical systems, optical interconnect models, semiconductor

Optoelectronics modeling .
laser modeling.

Physical design tools for integrated electrical/optical systems

Simulation of mask less lithography by e-beam direct write (shaped beam / multi beam), including advanced
resist modeling (low activation energy effects for low-keV writers (shot noise effects and impact on LER);
NGL simulation heating and charging effects), including impact on device characteristics (e.g., due to local crystal damage

by electron scattering or charging effects)

Simulation of nano imprint technology (pattern transfer to polymer = resist modeling, etch process)
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ETFY &2l —mar T
EAEDEITEIRL TS,

LR o r— DB, (Y, BSHGTT Y2 — SRR FEMELERE, F5 SRR <oy
—VICHBIND, BRI, B, B R I B I AE 9750 T v a b —var TIRRIRHT R
brEhbn, (EHEEOMETIL, o7~ 7L — a3y SRR ORARTA  JEEO M0
B RIS, o=V ZREOBHECE I T 2E 7T VR LELS TV D, IC NEETHRAET HE
(ZRFTDIHESCT > T AAAOEEN L, SOIZEEE % B DB O E /LR LFITR Dobh D, r—R~vy
T COHERITIRZ DT, low-k DEERFHIEIASE A S-S5 2, FifEY —MEED high-k DEFV 2
HUIELEEN TG, ZIHDOMBHI LI 7-5 Bz, BB 250 RANVRIT TUVAT-8, Zhs 2 B
BN D5 L BRI E 2 AT 55 BB T, B TR B BREL 3 YR TETA DT Lo B4
B2 7 IRal—ar TIEIH U HARR TRV A Z B LA TR DV, O L. DIED 3+
[ZBCRRE R BN R T V7 O TR,

BN (160GHz FT) 77V r—2a  DaEHEL R T ADE 71>~ —non-quasi-static Zh5%, FHhk /
AR, @R AR VAR AREEIS IOV AT O MEAFAEE T AT TV 71T T IEfEDDNERO L
WL R NET VT BT HI R, b EEICRDIEAD, TR ARNRESNDHNC, Hist FHE &) &
BT T V7 ~FHRDRIKEBDANDLZERMETHY , ZHUIYRATIES S L AERRIEL &%y
RB—BLTEOWHA D, T3 AALRIBORRE#ELE T 57-0120F, 7at'R /T SA R/ [mE 1ol —v
2% T YR L L AEL UL OZNER R OFE O BT 3BT D, £, -V [ET /31 A, CMOS
FRAAEBNET SAAA DI I TV BB T D, ZENFEF CTIIRTIH A B IR R E
X/ TH | NTURT v BERDAL XT N R =TT BT IV PRBEESL TS, ZHLTZ RF =
PRI NET VDT A=ZINCEY | JEZ 72D X< INRIZLESEL TS, BT L/ RTA—Z ([T E7R
DX R ol —var a o TR 1-V JIE, C-V HIEN O T 20382385, 77GHz H#HL —4 —
DIH7efuli72 RE 77 V75— a 1% 100GHz #i~IT-3 N CuVD, 40GHZ #5128 L7= B8 3 R OD iz ik
POEIE, ZOFT V7 FED 120GHz ETOREFHEICUANEH HRRNZ AL TD, 2RI
TV IEEPHNS DR T T AL T HEEMEDNEL TS, TOLTBNTIE, 7aRb—7 FfifE &, &
W7V 7| BREHT, FEED DD, FEHER VRIS T > 7 ey = OFEEAER %, FIREZRIRD H 55
FOHM Th o Ty Ial—a 3528280, SoC+SiP LW o= BEDA LT/ —YaraXET5
CAD YV —/Vi&  SHICHEEL 22T U e breny, ZORE, Bedi ol —ra fHllidb bAADIE T
PTEIRalb—ar DERDL NN E T N—L B DEDLTEN, BT OENTL o T Ial—T
L ETHENTRD,

< 22Nm BRED I I31T 2 R S B i

PO FH, BT FH, BSHIFAEDETY 2 — BRI R FUTERIL T, ST ORI
BREAD BN % mESTND, EILIRNWEHRDRr =Y TR IEESTLEINLTH D, Fkf D
BN, FRIC, BB —MEE, A2 —ax I MEE, 74U AN HIZERE 1 (Emerging Research
Devices) (ERD K U8 ERM D FEAEZI)ZHL THEESIVTCND, ZD720, 2, 7TatA 730 A, [l
DET MITNHDOFIEE S TRIIIRS L RIERB200, 2Tz FROFHAE LI,
BRI FH RIS IR SND T —H R — R T HT20DITh | RIS SSHM BRI B L Tk B3
ECFHIIZIE T 22 &S WIRF S LD, ZOFANREITLL FDIFEAE DEITIR~B5,

T IR TF T Y — PRFRFE T (Emerging Research Devices) DFEDHTlIL, £ 7z CMOS ®
BT ASAADBAEEL T, T2 /UMY — =R T/ Fa—T  F /0K B Ryb 3Tl
ha=7 R FHEMETRBNEE AT AW E LS, £, MFEBE T E R E DRI TS, ZORR R F
T, BOEHANIC BT Rl Rl biciE, |THE, ho RV 7B AR ke E Dbl e 7 vt
A, TR ab—2ar OEENFIESND MDD D, ZAHITLL FO KIS OHiIEBIRL T,
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8 EFVL &I al—ay

FTITEL L= RETY S — RO BRI, R T 2 —ax  MRROT=DIC, &
FRARE AL Z—2 R MDD A D RBREE BRI L 720 508D, Hof v #—a 37 ol
MY ovIal—ar Y — VEBE TR LFRINCRBESNI VAT LOMREE Y a2l — a7 DY
—DRBARESIRITIITIRDIR, Tz, ZOFIKCOMBRET Vb B ENLMEN D, ZORBILFEIA
VR —a R N BT OEFREE T L OB,

KV 277 ((NGL: next generation lithography) > I=L—23 — WFHIENEI EUV DUV 757 44
M DOWMARDVY 7 Z7 4 BT 5T T Vo 7RO, BAMEIRE G AZNZRANHED D |- THReD
TEHETHDL, BIRTHNESH T, EICEFREMICLD~ AT RERN Y T TT 4T /AT
N T D, M LRI P AMANCK T DB TV ZIIREREE CTHY | FHN7R B G C AT
TDIFEMBHDNL EUV OV 7 Z7 4 F L35I e 58 DO ThD,

UL F OB CIEAT—7 TH72 10 DEBERSYEHIRT 5 BT LV~ B, SElTik 7225
2, THERRET Y7 ), DERAGRE TV 27 ) Tiat, Bk, BSEOSRED A TCAD) ZAUC i3

WHIETOREEBEDS TN D, 65T, ZRBIZOWTE, ZREROHEIRET T4L o Thinlbih
TND,

EERETV T

BB BIARE T V71X, [JEIR0Sy R T 7 R R 72 EO SISO E e 7 - A 2R B L [R]
T AR AT — VD2l —araE A TEY, RO RN ZEB) O I 57— OHIRR )
REBHESEC, B2 7 e 2 fERE THT 522 BIEL TS, ZRET, IR 2= —ravk
LEEET ML, 2O TWGBESIV TR ZOERITIT A — VO BRDET NV EFE LB HRTS
NIk 2 Il a2 DS BEAT— VBT VT N5, TEEET VT 10Oy a TEINIAT—T D
P CRBLTEEN, 50, BN 2l —1al b~ ULbFab AATy 7oA L=y a2y
al—var (Thbb, et AT IO EENRI I2L—a) B E A TS, ZOZLEEE T
HE, AT REREO ATREMEF A B IRE S T Akt R OMRIRL TR T T 5320 RLET A7 (7
SV, FERER B AN = X L FEAR L LTS E L R 2L — v a T T BN I 572 59, =
NEDT—< DT, BEWICHER2 AL A —T 2 A R T DNANAZ A H OH G, [F) R ALE
STV, FTLWE NI EZL D ENLDOT 7 a—FNEsREN, V7 T7 4 HIEFE 7 bou R
TCAD, ¥R, ¥t . Z41UZ ab-initio 1 FIEZ LV ERHE ST AN ERH D,

WANWAIR B — D DEFE7e T 7 a—F Tk — L, 77 b2 A i T o LVt EI T IEE I
LW N, FHUTERIANDO AR ERITOH XLV RAEZHE SEMINRINGE AY, FTI7R~
AL S E B TR RO ) PRt B U E RGN E T E T HE > TWD, T /A — LT ek
ADLHTRERFHTL, E DMK TP, RIEIEDET VT E3Ialb—Taildo>TH EEh
B2 A9, MEE TR TV 7 O EAE TRtlc ke D,

SO T B ALIEE L 2L — T ar O —JFERR NG BC, WE LRI O T OMEET 1T T/ R
AROITaig Al = A L RHEAL L T2 3T A—ZZBLC, J0EfE 7 v AR AL S JEE AN )7 — 2 3B
RKEnna,

CVD & ALD O 85Tl ERENDHT — 23R B ik, 2SIV 7 SOG, R AAER Ol HaaE
%o BTALFY —VEFRIHAL THRE ORIGY AT DR L TED, LinL, ZNH0Y —uid, B E3EAT
72 Ral— v al M DT —HEIT T T VB ST AR F R T T a—F 3 et i
IERF4ThHD, AN=ALDFX) T — gL AL —R Ty T5720 R ILITHZENMLETHD, —
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EFYL &2l —gr 9

SOV ML, high- k #EFIET R a b D FRO &L L TH 5,

TR T ARTCIL, TUHIL, FBERL T KRB AR T W A S B T — 2 T
HI723 a2l —a T L CHERER THD, TRl <&, EERFEHT- D703 DfR#EE S AD FEFEDOR:
TETHD, BT ORIERREZ REEL L BREEO A —RE AT 572012, IELWITRINERESNDTEA,
ZDIDRERIL, BRI FEBROT L D AR LN T ANEEICH S A B LT, BRICEZ5ET LD
AT =2 TEDMEIDP NI ZVT 5, ZHUCBEEL TUFEAE RS- 8%, 7T A~ K HH
HAEFNCKR T D 5T — 2 DR INTHD FRZ, 74 VAR, ULK W AZVIRRR. 2L TEEDEET
D), WDDT T a—F (3505 T B ) FaEI L THD, FeEDAZT A — a2 & MOSFET O/ —h A%
VAT A NVE BRI T ot A% 2 — 7y he T _RETH D, Fpllip=—X 1L, RSN EE 7 RT
VU IR T DAZ ) I AT ADIyaipitah e TN T VR ER — T NEBEOI alitilE G AT
AR

CMP D438 Tl AT o ZFEOBMiENE T THHD T, bo L RFA72, T U R R 35
T —F PERSNTND, ERT —F 0 OIE, BRI AT Iv7IC B2 D5 B A KL G, 7'a
BRSO EL T Sy Koy T > a ) — O R LT A MB35 5, BB CMP D5,
T _ESCEA T TOARTY—IRMFIOWI N OIRDER BSFAE FIHIL TN L, FO R TOZHD
— 7R 3R BT DB R Z LV,

E5HI2, ECMP THEZRZELLL T, BRAYFICEL T, HICERE N FEET DR T, IR AT LI
PRS- B TR A T THEAL DN H D125, M2 > S RS ESS CoWPM RW/E D
TR 2N T HRE(LFOTT V713, B R TR L T B 0o R B ) 23T A—
BT AT LR ETH D,

o TTULRAFE AR E T LR

BT NOZEEEIVILT DO T2 L LT, BT _E T — B EHIE FETHY, FRIZ
B TEIE-CRB I S D RLE LR DI 2 THICTEDET M bNARETh D, 7 atAMEFEET LD
ANNROBGRED MEETH D, CMP KL TIE, B YR, ar T yvat —T7 (A7 AZY—D L5 7 HkE
B e ATE T R ADER & TR R ST A2 ORFEIIAFAL TV, 77X~ CVD X2 ALD E7 /L% L
TlE, R IR OB G A B L T = AR - Ol & FEE LT D8 R — LV EERO L 7e K 7 A
(LW T HRENRSH D, FiHiE ex-situ TEERL, VT /LZA LT in-situ IRREIZHT T 7 o—F &I F
M7 B ADTZOIZBIR T RETHD, A —/N—= T F BT GO L5707 AMEE ORE UL LR HI
TEDIRFFRZ I EI T T G BT DX T L — a7 mt Ao ha— L D7D I TH D,
FERENEIRS NI T L H A L FTIR, YT HEHIR XPS, SIMS DX A7 FE 2 M — L O BIL, A7 —
IVINGT % INAT— )VETEM A ULTET NSAZBLE T T VA RGEEL COLTZDIZEETH A,

o IR —IL T2l — g PR AT T LS

AT EED YT 7RI LA T a it EETF v T VAR — LT LD
FOFEIZB W TEVVKEED RO BILD, FlZIX, Ty ar T iar NBIREIZ 52 55280 %, /ha
IRARTERE 7 TlId o3, LB NT=BIGTh D, 77X~ ALD 2517 TR~ ADOLA, HIEOE
WAL LOIRSIENT 35720 . BAEF EOMESE /NI T2I902, FRTIEBERLETHDH, — I, JE
DTV /ey — ) —RIGHEASNAD RN — A CEESHODLFMEHT, 7 m e AREMBIOEME RS A LK
IEAEAEHN LS TND, BRI EBRE L~ D2l — g Tk AEREMEA ) FEE 0BG
D, R CTOEEO T 0 AEEL CTHFETEDINTTDIVNENR DD, T TR~y T 72T 5857 Tl
LER (Line Edge Roughness) . 7" —h7 a7 7 A Liilfl, 7ot ALK D A— (PID) . 7 /A ADEZI, 1
WA 22 TEME (AR R) DIRFFE 5 A TUND,

WA — /LT d, LIEUER o F IO IAL Ry F o TR DR D S 5707 111 ARIER D LA
IR A 52 TNDD, BRRDARRERS LT UIELBIE S DIEE A — LT L EDORAIZIVELIN
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10 BTV &2l — gy

B Gt AT — VBT V7 OFIL, LIXUIRBHIA 7 — TV 7 DFERIZ KO A DL
Do Fl7. JFFL~ILDOHIA T — LR 2l — gl SR AT — VBT IV AT HIEDMERE LI
HVBERDD,

WK A — L2l — Y ar RN a2l — i a AT AZEICBEL T, WAWAR Tt 2
KL BT AERATAZENMETH D, TR T I L —ay O OA L 751% T
RUTHERERTIIR,  WAWARZ= DT at A Ial—a Y — L (LAT N — V&5 Te) D
T2 == aNTIERICEE THD, FERBITlE, B FHICE S\ ARG AT —vay
IZRVE DN~ ATRE D DD, T rERTHOE (By M, Y — /L) ZEiATeE T VBRI LY K&
ik L7025,

o B T NETIL

JESENCEEE T T L EIE, Bl DfifE, BERTE, Ay 2y =R —4% W T, ka2 E 12 RWIZ
HEHESNIZEY 2— IV Tholz, ZOH T, EETIWELRCT 4+ — D ASNDRZFE RS2 ves L
TWEZRIND, TNBERZ 703 IR — R IS — SN D LIZ VR R A GO NDTEAD, ZOZEITHHFEE
ITONTERN, MEET VBRI DT OIEHRE LA~ 7= B BBV~ T 25T, STl bn ¢
7239, MASNICET MCEDAL—ARBHFE LRI, FTLWVEY 2— i Ralb—ial Il D L0 BB
FEANEDIRNTHZ LN TESD,

° /574:\2_?70£7'EX

T IR T F T DT MME~DT VTR NI TODINTRZ D0, B TREOMERRIL, WEE,
b5, RSSO FEREN 27 — 2 THRUKATT D, [FERIZ, CMP RCEXULEWFEE (ECP) &V o7 frE 7 vt
ADET VA THEEI/RS> TS, EOTRERZBWTYH, VI T T Lb RE— ORI E T
B2 ENTREND,

o T 7EX

M7 oA LFREIC. PECVD 221 CVD 72 ADEF V1AL TV, 1Tl . MOCVD 7'
BANFM BRGNS NT-O T, ZHOMEIO AR 7L T — SBR[ R ThbH, MEFET U7 HE
127 a2 TV 7 OIS TS, ALD, XAV BRIRAED LMD BRI ne ATk 5
TUZIE, BRSNAZ LD HIFRSIL TS,

VITFTAETIT
VT F74DETIAT 22— a ATERSNDZEIFTIRD 5 SO HIVD, WEIERET Y

LU ) ERREEINT. L UANEFUL S AT AL AT L SELE TS DR, Tib, =

HIZHOWTLL R Cisin1 4,

o BIEE U — T AEA Bz X TR E—= T DR E I al— Y ar TR e
FTHIOI, KOIEHE, FHR, O RNLBIRTET VLSS, BFOBIERET LY 7Ry
=TIk, B NA, TR Y 7 574G, LU BRIED B % L BL AT LR TEBHEI NN
T, LTS VRS UE R, S5I2, LY Ak RO BRSTH ~ORBOEF LbiEh
TWDRENR DD, JOEATZBIERE T ML, JERNERCH I C OO 2= L, Lo X~
2O DEURIT, Lo REBEOZERMILE ., WAL DT ~TOREDIRD GRS
20N, BUV VY777 4Tl REAFEROZERICINAD D, iH NA THEHRREEIROKEHITT Y7
ELTIEFIZROR O DHLL D Th D, LA, KA, v A7 E~ A7 _EOERRCA UL R
S (L) OB E- I SR IUSADR, ZUT, VY797 RN AB0 R
LDTVT OEBERHZEDTED, VAT L a2l —var FIENNLETHY, EUV EXFEDOTLT O
RIS TN E T TS B LB 05,
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BRIRBCHLAFYT — BRI, FIE0O E BRI/ DIT B2, BE 72 BRSO IO
WRLEEL72B25DHIM, (RAFI—<AVIZBWTIR) v R FONRY 57 12 L AMEL LA et s
RV VANDNRT T 7 412X AHHELTH S, FDTD % (Finite Difference Time Domain Algorithm), Modal
Method (Wave Gide. RCWA (Rigorous Coupled Wave Analysis)) . A BREZZIERE D B~ T-f#EORE
I3 R, B AEY | FHRIFR O S BELFEHS AV AUR D7, LT 2 Dhiio B I
TBARAG HAT O L 7=3 T, Bt bo, ~ A2 Ka DD D BELOFRNT D=2, LRI ET L
DIVEECH D, Mask Decomposition Techniques <° Boundary Layer Models 72 E OUT UG IEOREE L., JAFL
VI T TT7 4 DT AT A= TR U CRHMIS AV T iU 72 B2, 2 fEE s Co SRR IE
CTORE R BRESDACTEDO BN, FEIZ EUV ~AZ Tld, M THD, 22nm LAED/Z—JERET
MBELZNDNANATE OPC DAF— TP Mask Shadowing ZhERDFHANZ B2 BRGSO T
WNBUETHD, 2BIEE A O KE-CWR D K Fao M (BRE%) 13, BRI R E I ET5
KIS0/ N—T 4 7V DEBELRIRRIC  FERIRSIT T 20BN o5, (&L Fi-7- 2 @IEIC I D) (kD
i, RPN RO KREZITHHIER, AV N TO AFHADOZEAIZED) IEFFHEDR T, £
LT, ZNHD OPC ~DEBENEFINIAUIRB2, ~ AZREEOBHMEIZEb 720, I ORLE, %
@ LER (Line Edge Roughness) ~D 5% =7 7N CD 5N FE T FT HEIT/2D,
LZAPETI2 — TR DD BBV VANET VTR ARSREL TV T T T 432 —g
Y DRMVFR YT T o TND, IEIDYEEL, post-apply bake, INAMI—27 Pk (FREVHEIEAD) . TA> v
T TT XA, R TTOMBNEMRE %G ATACFHIERIL O AN D IEMERE T NV DBLEETHY, 3D LA
NERZ IEMEZ TRITTE7RITIUZIRB72 0, WANWAI I E DL VAN DIRIBIRA~DIEE, DT
Z D, OISR T RIE A DT VAOIBRNUE T D, BT N —=2 TR EDFLN YT
T4 TRETIL, IR AT 7 ) —F L 77 8 DM AT B R T B 2B L O ANR M EL SN,
ZNDITHG LTI BT AR ELESND, I A 2N RS T 2 5128 OFM L LI U ANET
NN HEHET VOREINL, 58872 VANET NV ERI LT D0 ENH D, VT TT Dby T
SN DL VAN L B CANDET U TN EEE /2D, LU ARND S — Ry T i
ML DR EEPORIMME SN DL E RS D, R~ —DRKEXOFZ, #]x1X LER (Line Edge
Roughness) SCHRIBED B ~D A OBEEMENEL CNHNDED T, A ATy I ET /L, 2B a—2 55+
BT VT RMERIET Vo I ALV AMAZEO LENEL 3L TS, LER, fif1R LR O
DR—RA 7 DTV IIRHER SN TV,

T TI X T4 — HERIHEE ORFTECOV Y 7T 7 0O TIE, BIAR, ~ A7, HH3,
U NERE R T= L AN E DV 757 4 2D A5y O EAER DMEHE KA TLD, NI/ 3T A
—HNIEFNTELIRD, F, FfET RET — 2 ERO IO X 720 PO R RFUS T T ES
MDA BOFROMTIETIL, 2B 2—H e _X—R LTl b AT DISROHID, R, SR
FRAGEEEANIC I 1T D~ AT ESCIRD ST A= 2 D ke, VAN Z OB MIZE DI85 52 %
DOBFEINZAUCE END, XTIV F == T EOFH LA T TV —va H ik, = F o7 7
Rovay AL TROEMZED, ZRBEVY T T7 432 —ar CEETHMERH D, (LY
ARD) FIZHDT TN EONRT T7 4 DFEL BRSO MR HY | YR, BESILITRHR, <A
7 S FCOMRFE COMIEA e RBGEREOWF IR ThH, EATET VAT ARLELIND,
EOIT, F TN RB—== T DNSZIDOOARVIZEY, S b DAL REE /2D TE DD D DH DI
Do

VVIT7 4332l —ark OPC DR EENI /25, Feheit/—R O OPC &7 VAL IR T1ES
72OZiE, TRIO TEDEER L 2l —ar OET )VOBITRLELIND, V— VIO LS T
AL B —T A ADPHEE M ELL 72D,

ETNDF YT L —2g32 FHHEETV 2 Dfra — TR aEA 2L —rar Tl 7
JVEFHARY — L 2D LOFREZRAE RO ED RO HIND, FHHIY — LV OFERE Y23 12l —a D/ TR
—ZN WA DI EA R LI T TR B 7, FHAIT —Z D AR D EEARRIZR RO T | fE R, 3
ab—alfERNDERDOB LM ST A= Z 2T D2 ENNEEE 2D, L ADINGET —Z EIERD
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12 EFV & Ial— gy

TEARMIE DR HN T2 o 72D T, HIREL V ADE LRI LT T T AL EDHID, B
ELOT a2l —rar a0 T RTOYAIIEIO IEM 2 ZIRTTIITARE IS T A— 2 340
EENTND, LYV ARG A—H KFZ 193nm IRV Y ANBE Y EUV DLV AN, O/ FA—ZDORED
EEATHLO A EZ R HAOTR B LTS 0, U IT5 7 4 TRROY I 2L —ar Db 2 BE%
S FiEIL, F-. 31 — VOIS ER 5, v A7, ot 20 ERG DTS 2 A B

W OTDDOEREDEDTIAAMEEOTT VY WNEERE, YR RNET —H0bDL Y ANET

JVNT A= O E N U E Fid,

FTCHRARTZN YT T 42 a b — 2 ar OARFIRIERICINZ T, B0 Ia b — a JFE) O HE
PENEL TS, KT R TOV Y T IZ7 45 I OF— RIAR—ThD, LINLENG, ZILHLDOBA%EIZE
HIHETIT L0l EUV JEOBRICER#HT5ET V72T, FHCKEEEOT-DOHIRES I AT
BALC, IR IEE N MLETHDH, Y AZVERD LTI, KIBIRE T/ 37— B A~ DOIFERI B OIREIC
D, BIEETH O ER OB D KMED>, WK OBREDEmICHET V7 1IN 725,

WOVRFBRIC L ST, ARV 777 456414, 2 RIT. 3 IRTEDEARRFZFICIR, RES B FITHL T,
Ral—ar BT VOF G R D IRTIURRDR, IR T T VT FEE RO 572012,
ETIVOFEE ORI NI T2 5 T~ — I BRI, BAERIREE DR E L T2 —T a2k
DAHENSIX, FERAIZHWEND FET, FELEFIN TR, TV T L —a SO K%
HEBEHRATIZECID, RHENSEHFRL a2l —rar flR eI Z LN TED,

OPC, PSM, i@ Yot AGTHIRBAZ2 & O YRR FE RN N 2 SN A DT, 7 av AB%., ik 7-8%
DVITTT 4322l —a OBEEMITNT 5 THA), ToitBS iz EZRETRIRRN Y 7T 7 40323
2 —ar bR BEDEAZEN, AR O AL . S AR A7 L O HEIZ DD
60

ROBHARDEAT DL b —ar OEER2E ML, (EUV vs. 193nm ¥ 7 /L /R F—= 7 IRIZEEN
vs. RIEITROWR BB D LH72) 2RI Y 7T 7 4 OBRIE D R — R A7 % P 3R BLR N BT
Mg 2L ThHD, WAV Y 7 Z7 45D 7012, EUV, ERE ARV 7 T7 4, < ATV AV 757 ¢
(ML2:Maskless Lithography), 7=/ 7V MK T DEHD TE LI 2l —tar V= LRBETHD,

—RIZI R 2 = ar DAY 2 —H T DR ITLOBERAZ DI 7> TETCUND, MEEELL T O
B NTE R = DIBIR DI L EE 725 B EE ~DER DT DTN EBENTfRRIED T LTY R L
DLELIR) AEYE CPU KERIDIEFITININT 5, P2l —al A7y T VA Y XA ES TRE A
TECORFRINRENE/2DD T, 64Bit <~ —2 DRETRY | mtEfEa s B a—H - 7T AKX — ETOW 5
PR TR T ~&ETHD,

A= N N Ny = & o & ol /4

T R T RRAET VT T, NIV TRB BT DD DAZTA B —a FTORE TRIZ
KT EHIN RO 22— a BRI, (BL, ZZ TV 7T 74D 2 — T a 3RO Hi Tk
TAHZELT A (FiHiESR), 7ar b R ab AT 71T, Moo Az s A PR 3570
ICEETHY, B2 7L —F T ASAAD A r =V TR [ IS (T A ARG 57 a2
(ZBI T DA R 9D Z ST HWBIND, NI AR DRI — Y TN SHEDE N, A —V2 7 Dl
Er IR T DIZOICERZINDHMEIOEINC I, TFT V7 DMENED EESTVD, EOFER, K&k
JE7R BT IVINESRENDIEND TR ERDT 7 /ay— ) — R T IR REE 25N T RE S
BT DT2DDET IR, M ERCE DM, IR —E U 7 AR 5T AN, HilL a2l —ia
L 7a—0E ALV TUNND,
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Y= SV 2y MO ED R, AL SR BROBTT RO 34T S IERE ST T AL SO T LD B
L7375, BIAEIRORL L F OMEA~OR—EL 7 R0 =2 RLAR LDD, By e EisF v /LR —t
Y I IREDIDNT HTHITT L TEA TG A3, BNNSE T NG AEANT T IVISLEN TS
Do FRHTET WL, R— S bOREG 053470 A— D 3 i A G EAC T DB D125, A A LB,
FriZ, BBEDAAT L EEANT DN T NATAFART =—/V TRIZEIT S Si v M Si (B o E
FCORMDZEBZARA D INIEIRSNIZE T VIS0 D, AAAEATRF— ORI, RO
BNEE e OBEr LT — (IkeV LLT) HETFLF — (B MeV) IZDT25, ELRCT T A~ A
v VAl AN (PUD DL N — 87 Bl D€ 7 /USSEIIL IR, IS5 THh 5,

R— R NP D Fe /M, K= XU "D+ 7aiEm AL (BeRAb) EDO N —RA 7 Zfadifb 322823, &
VMIERBUE DTERRE T SAADT 72 AT O e/ IMUIZR U CE L2 D, (- TC, ZIUCBEET A =X A
DEY BB BRI I EANBSI L > TEETHY | [FIREC, YERET V7B 3 A 2« OIFRIC k)
THHFERMThDD, F—/ S hOIEBETEMEAIZBEL T, 2T (w7 B TV IEN AR A LTS
L, HFHAET VN T a AL 2L —HITRANWTEERET L THY O STHTHA), TV TENLT 7 A
(EOEE S MR AMTEL L O —~< LS oy "OBIRI S T D2 e HSRA A2, ks
ZNHOERHAET VA WEL COKUEDRH D, mRMBIZIE ST T M OW T, ZHETOHH]
YRR A X D2 LT A, BRI, 7T AZV 7 BIG LIEMALBIBIZBIT DR — U b R DHES
WICBIL TRIBICEET DL ERHHTE A9, RTA OFEIRL —NI— oD &EE T 774 —T e
BINEHLET VBT HZ OO RO EUGET AU ENR DD, ZIVETOEXITEZIT RTA L5%
Ipo T ERGAE, BT Ty a7 =— Lo OL — W —T =— L E B E LT VL MLETH D, fik
DINR FR VBRI T2V E DO R O E T ET EEIT/2D, 22T, W& R ~7> 7 1%,
N,C,FEGe ZLTEB AR /w74 SN2 E OB %% 8L, high- « MENEZ E D, 2 TOHE
RIZHL TET MEENDLENHD, EHIZ, CMOS 77 /uy—kEDa—R <7 2B TS
BN EENZ /2 DD T, ik, 77 AXV T HIG TEMELO T X TOTT VL, BRIV ) 0O 5B %E B
IZHEE LT U700,

Febin 7 R AT T VTR, WREIRR —/ S hOTEHAL (EEIREL L) D= TV 7 3B ThH D, Zbid,
THU R R LA LS D RSS2 I S 7 LU R F e ACO FIE AL % 16
LTARD BN Z O DNETHD, RIMENE TOIERDETT VHLELERDTHAY, ZhbidvUar i
TERHTNNT — MG E O B A& S Tt B3 %, EHEDBERRAIIG ) DA B AR DT S & D
AAERD 1 RO ANER L7 D& DR T o (B 21F SOD) LIAKRIC, REWE (SiGe F7-1X SiGeC %)
ROV TEM LD T B AT A F - W EDN LI Th 5,

i e AT T, TRV R R - S a R ADE R I 2l —ar FiEE LT, FEkHA
ET NOUGERNNIFTRT V7T ANED R/ ST A—Z O FB LU CHRE /R EZ R - Ui
HTND, =Ry hORBDIHIRED NSO, 7o, KRBT L~ =0 K EOMO R ok
B2 BYRES D7 R— U R R aEOFEAERIZXTL T ab initio 5% VWV EEM7Z2 N AN E L7 5 Th
59, E72. high- k #EFRIROHEFRELC R ERHED IO LT mEX WE, £ L TR E DR FimtI7e i 58
ISFHEYIERRIZ L > CTRIBEL 725 Tdh A, ab initio FH R GEFHAE TCORBLEINT-ET V7 DS
AU, EJED TCAD DOFEAUTIAEN DM E N B D,

T A ARG BN EE O UG 6T DA S SR O AN N E T ET HEI > TE QDD T, [EHEME, 5
NEDFEERCR — XU MEBI T I T VOB NLETH S, WE OB RN T 215 %0
FHi, 7T AFBONTIEBR R EIZ > THESNDIE 2L L&D | IS NTE TROBREL GRESND
DT, JSNI7T oA TEbNDRIREERI Iz > TEBESI, TAA AL 2 —Tay Y — W ZESH
2T, YUY ARIED I 72RO B R 12, o — T — o N e =R oeAg s oS JME HE
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MEZ 52 DR, ZNHOREE TORMDOIEAEDNFE 5O T, JWERWET LR NETHD,

S —MaEEYIZEIL . EOT (Equivalent Oxide Thickness) DI/ R A —1 7 % AIREE T 5728012,
high- k ¥EFREDOYVE, TR EOFEAEH , AZ V7 — RO FIEAERZET V7352 LIXEE a5
RDO1OTHD, T /MUITT —MERE DR FRITCIRIC L DHERESATD D, 73 A2l —Ta THN
2 ST O R b FE D O 7 R & 072 R TEIRIR (LIS D NBTL DI H72FHFEMEIC D D 0 AT ETIADN
HRETHD,

TR ark CMP Gy F U 7T DIIRET V713, B 2L —ar LU 73 D00
5D, ZDOVIIZIN, T ANHIRT TN EO R L RRRITIIRIC 52 DIEE IR E D FEE I E TED,
EVDIF, MOCVD X° ALD O IO H LT R a Hie, ER S LONERIRO e 2% v Lk Rl
KL T, KOWER AR T T A~ ERAKINZ 2T 72 D _R&ETH D, 7'L—T MOS %z, JuiErT
INAAEERB LD 3 e EREIC T - TENENMAHLO T, ZNHO Tt ADET VI IEBICEHE
(2725 TH A,

ZD&He7a b ROFRTT VTR T, BERAT v T IR DR AT A=~ AN
2 D5 AR 2 BRI T D ZEBRE ThD, ZNBITIE, R— S bDFU & DL R I LD A
IR, T TNEND Ty F L T EBD IRV AT~ T4 I IRV E END, TR T A 2y
TITRADIIRNYI T 74 DEBDET Y7 EZNLDORITHEBHEL THY, IVX DFM BRI
&b,

B2 7 0 AT /VOPTE ., K1, IR ORI RIATFR ECR — S R~V 45—
JUZRIU T, IE T EB L O R EA2 W E T A LIIARE 2 BT 5, FrimE oL Cidonsd
R ME S ORNE T LB 72D,

FNRARETY T

T NAAET VT I E R OX XV Tk E R TET ASCTIEER T, T /VE, AT/l
Tt TR AR /2R U 7 MEB D, AV~ 2 R E B b L7 @R OF— A MR =/ L — N
FTUADINT, KOBHECH RN )DL D ETHD, IHIT, 4 B DT SAADBHEERIZED, R
VU TRERE RN IRS T T v a - a— R0, E IR EBE LY 2T 4 — OFfRIER VB
725D, HEIZRET T, BB L OERESNDIEE DL~ UK FT D7 22— PRI 22812
725, ITAEDIAERRMT- P PR D K E AN TH D)0 B T, B 2 01T D PR PEZE D BSRITE 2 BT
TN ADRGER L OEGE L DT D KGR BIR S L BL T D, T NA AT TV T 1A —V 7 DIFSE
RSB OEE DT DI HEND, LTz3> T, 4 BOT SAAVERER IEMEICFFBIL | fFRO PR A e
[CP RS DAL EETHD, LA TS BEREEDOVANTH D,

e X502 — = NE BN IEF LI o 72D T, =DM R T EFTA B OB FRGHA
HCHD, 7 —h AF I BT ¥ /L - B B O SRR B - 1272 TV 7%, BR g o
JEES OB IECER ZA VRO IR D EE A R T2DICNETH D, ThUu, i B ORI N 27 LE
Tarli s | B RS A B o T 3R B AR D RN eiA B3R, High- k BEC AT T D RO N7y 7 & B e~
EThD, VL7 D High- k BEOTRROFMNZ ST 572012 AR B OET Vo VAT R&ET
&5, Fermi-level pinning CHEFE KIHIZLD 7TV MU ROEEIRCEAT UL AN E, LEMER I OE BheE:,
F ¥V OBENEEMEISIE )T R&ETH S,

INTIETE — I —A-RL AL DI B E L7 0 ADOBERR L, T A REREZ D 5 X912~ T
TR IREEF|EHI T, B TOEZLNDT ¥RV I RO ETE M TR 57201203, fEED AR
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AGHCDNTINT AN BEORBINMETHD, B TOET VTS RHEECSU NG, 07 Ries
B AVE B DR EZOHRETHD, BENE~ORENRLEE ThD, UL, AN AMKFORIFIE
FEZT T A E B0 EE) ORI O R 35 R Eov = e E e,

2 BTN — TS ADHEORE NN BIRD T SAZDEHUT v 11, SID, A Z7INI*
LA MEHIOF I3 % BIETRECN T AT o 2 TRIT B2 — T a BV CE
B EN RIS ThAH), a2 bey —MEFI(E R —7 OIEMAL LB BN ) D IEfMERET V- 713, I
2T AR EDORBUMETH D,

3 KILDETVL — FRIPNT SAABIZIE Flash X° SRAM AEVUR/WN)NZHL T, Bkx 7222 51N
DFEOHTIL, BLSERY 2 3 oS AR AT BT 52272 3 IRCT A AET VT e BEET D,
A —NIRODT T FARST — MBIRIED X7 BA T T A AD H RIS RE IR B A 5.2 DT | T /3 A
DEE LD B ESNDEED DD, ZHUE, 3 Kot a2l —a A3 iGN IRES DT
BT HOTIH L, HEDZAT TEBRICHETHDHZEERTRL TS, LIZA->T, 3 RIcDY—/Lin 2
WICEFEE DML EH B R A Bk ENAT-D , T EAD TI2 L —FR0U I 2L — 2 B EITHE OO
TWDT INARTT (Z Ay 2aDT VAVA L B THIFRIEAFETRL 72T UL 726700,

THTE D — HREERI7e S HEORE NI OB DL Brp S T- A 7e EE 5| X E 2L TV D, IRFEDV NS
W22, FEASNAS S O EHE I 721350 &0, RMRE O TR CERNWEE KELT, 731
ARFVEICRE 72 B % 5.2 5 CThA), RO IITS — MR LIES> UTB-SOI DY U 8721 Tl b
VT IRESLHRID TV AP AZXDIILDENGLHILED, EDIIRNIEDENIT NARRT A= D534 % A
570, i b EEICAT COMRFHIIBWTEE T 2MED B D, f 2 DT SARX, 785~LK7biE
3 WICDT U E DI 5545 5 RO T A AB 2N ET T N miEL > TES D) CRILESN 2T I
DR, ZOZEEEEe 3 It 2L — X O MBI FEGRFH L CND, IEME RS A i b)7e R 81
IL SRAM /AR~ — U 72 EOBEEMRERHI D7 DIZIIMA TH D,

RF — SAR—=FZIZRHAL LT T T VBIRIL, 1EED CMOS 27— 7 OET )V ERIFLEH DT LD S8
IZHD D H T B TUWD, 5T, RE, 72 R#iD CMOS. BiICMOS. /AR —FD[EIKaR 0D 712
DI=DIZ, FRIME BFEHT(AC) I LUNKAE B DIRD T GEIE) DO EAE A7 B TR LT DB D DD,
TR AMEREDIRAT . FEE H RO, RE HIE DB EERI0E: OB, #a/IMELTI=T 34 2D Tl
FEEE D BT —Z DI O =012, Zh3RA072Y — Vs EESILU TS, RE [BIBERA LT T A A2l
— AV EIIV I AR B R U a b — 3 a3 R LB G S LAVRWAS, ZRAG7R T VT Y XS EE
125 THA A, B IaL—2 g b F R AL 2L — 2 ar BT X203, [l 2 DF A ADEFHE
I ZAEFNATO MRS DT N—RT =T EV TN =7 DXARN MBI D, FHAINDET ML, £
DEAAb AL TR =k bRV 7 AR ZZED 1572 DC TUHEEESNAETDOETIIANEESND
RETHA), NWEHESF OWFERRTT V7121, sub-kHz 754072 T 100GHz O#iPHD B2 4PN
HEETRZ 3 0O 721 AU 72 B7R, Zelik72 51 Clnik 7 R 2N AMIME S IR A TR R0/ RBL TS 7212
WHES DR AAER ORI ET VDR IES T HUE 72 b7, ekl TS AEEEE O B O3 EAE JE
WEARAF ORI T A— 2 5 B 8T DB DD,

CMOS Ro—Y22" — FHOT /A AREELFNRD CMOS A —V 711E, KV IEMeT AR ET U
T RENTI25, BT/ OF vV B0Vl &R E S TR VAT 4y JEEET VA
flED7pnE | EREIZRBIT DI ENTER, KO0 D IFEPRESIVTEIZN, ZNOITE U T2 %
PRRRAED R ITCUNT, E U CIERIZEEICREA DD, KOS TRIL BN T3 VAT U NeR T -
Yalb T IR E AR L TR, bo bt B 71k, Wigner ik 72, Kadanoff-Baym J7
AL IR -2 B0 & 7-)72 Liouville FFERA M 729127V — 2 BA¥cET 1% Wigner BIEEF| 9
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%, MLDA(Modified Local Density Approximation)<°> Density Gradient Model D72 D ¥ JE D72\ W EENE €T
NPFFICEETH D, kT /b B AN AT ¥ LD ], EFIZIR> TODRFSNTZT SA A, Hilil
D7 —hOREEME SN ZNDOFEEITEHEENI 2D, T 5 FRBka 2,

BTN R — I, Bk 78 CMOS AHADFHT LT A AREEDFERS I TNVD, T v VR A2
HE L ITEL L QTR ERI 528 THD, 2070, 522282 | WiEFED SOI, ~/VF 47—k FET,
B IR Z T NP — R0 — N CEIREEDIFIES I CVD, ZHDDOREEIZIE Tl 7255510723
AT AV IET IV EBTRIEET VB ATEOT X RV T RO ORI BENEE T VLRI K Tho,
ELITHFREN TVDT ASAADEEL T, /o 7L —F=° S/D #0 FiFREE,. 4 Si. SiGe., Ge, SHIT
hybrid Fba V2T SAARE END, ZOT2DITIE, AN AB I OEZN RO IR Cal iR 2 B3 B
SN2 D, RICZENHRO 7 — MRS IS T ED, FE, WIS 2E%EEAS2 0I5, H ORI
SOl T/~ FIZTERS U= CRACEEL /0D, BTBIOATVEANIL, BRI, FREVER, mFhE k2
5720, bl AV R A EA B L OER B LR OET VTN EECh D, FIZE{EA
FEVNXT BN T 7 A B AR T(RE a DI AL E R ) DS T T VDS BEE 72D,

TOM — FEREBERBI ORIV THEADROET V713 FE O R TR L, 72 2
L—2 D5 FIZ LD, By her U7 OA RSBV A S CEE T 228N TEZ, LU D, BB R
{EDT=DITHUE L 72T AR, BRI T BIOT sy T O A=A L FHEFEFOREIZEL T, &
DIRBBARNMETHD, IHIZ, RMEFRMEATY D SONOS(Silicon-Oxide-Nitride-Oxide-Silicon)| Z % L ClLik
B OEMNT T LT "I 7 T OEET VDO EERERUBRMLETHD, BROEWHETHLE
EEMEORATIX. PIZIT KRB LTS BAA L OBE), Moy T UEN DA RR/ZEAV AR RITHER T DR AR
BRI E | T A RENER OREE L E BB LT [FERDE T V- C5, EFRIER LONRERTE, &
DUNE ESD OEFEMED TN, HZ2 i ORI I W TEE L > TETz, FRARND, BB
BREG7RET L UDMEZ 22 IRTHE B 1 DT A AZOWTUEL, NURMENT Y T T AN LD 8E ) —7
BN T OB AT (LRI ZDTR0D TS, LT23 o T FISD T A—Z 21 T B FDET V% RE.
TMENDD, BEELOT=O OFEFOFRBEICEIVFTIZIT, T A AEEOEB(A ), 7 — Mg R )%
FHL-HOERIETHMERHY, TN AR FHIER T oL ERH D, KE7eT NARHE DO 12
— A FARDOWIFER VI TH D, /T —T T HHWNIIFT SARL, RERAL Z—aA X I AT AT
Fo T BFIIEL DN P AF VDA BRIV CND, T3 AT A—=Z D5 A EE 2N RO
BT FRCBOBMRONEN I EXT, EFERSNTRSET UELIN TN, KIFHOIRD 5
UNTELRSNDD, WERD TCAD 133 AT A BROBERAUIZ LB 7 Uy RE D T2 DI 72\,

A5 —ax7 (INTERCONNECTS) L 4£7552 8155 T-(INTEGRATED PASSIVES) £ 7Y

AL B —ARI NIRRT o I JEEHEGN 1.5 T LI 2 fEOEIG TH UMD L —7 DIERIOHEER L LT,
2 EEPEEZEE TND, ZOZEE, A2 —ax 7 NEXFHELEEMEO W IZBIRL TRY, BRI,
FERRA, BICRE A S T2Ral— 3 ab BB L L CWD, [FHEMEICBIL T, =L Zha~Ao L —Tar
AR RZLDRARRLZEEL I AE D e R N Y7 A Th D, BEREFELFHEMEIT I, 728 20F, Cu L
FROR—T 272 low- k MEVE G T, 7 o R AR MPEHERICBIEE I SRS LD, 7/ S AR S FEME T
AT IRAFL TUIWDA, ZOMIZ ~HERL /W M/ T & T 7 m e ATl REHE
NPT NHZENEERMEFERLL T ETFOND, 7ar b RESRERIC IS, N To®F) 7L,
A B —aX I OMREB I OMEEMEDOTE TV 7 LR, FRCEREIN TS, IO L COET Y
T IO FE THRDILTNDIZD | ZOHITIE, BEDET VT IZONTIRR5,

FOEWERE D GHz SHIEIZ B FY, AL X —ax I MEED Y AT AOBMES IR £ EHEINT DI 0E-

T B ETCIVIWGIROY TRy =7 ) — LSBT0 o CUND, BHE A H—a R MEED B,
SZENRRIEE TRIHSRD I Z LI, 5IE Sk T _REFIGRRE TH D, T rEADOHSkRE 1C 1)

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



EFY & Ial—ar 17

IV ORTERREZAROHT | BHMEDORTEL RGO RS LOBUREIAREZL , TL T AU F—=x7h
WIS R IRUIETREIE DRI R DY T Ny 7« — L0 T DB L 72> TV,

KON DOIRPRBER LD D03, ZNOOFRRIT, BEt7 e —0 H 2 ORI A 5721 Ot D&
L CHICRIBSEDMLENDD, BREHEOTT V7 FRED Jeu IR L, kD 2 DDA 7 ) —DHD
NHD,

o FH1 AT AV—LU T, PHEEIERAMEIRIIOLG A | BREKAINEL, SIS E I EDITT ThD, 2D
e, ZOREMNIREE LFFERETRIMEDNIR EDREMBRE LTI Z D 3D, BRI (full wave)
T =TS NEAEE T V7T T a—F BMER ARECTH D, T— A NEMoM)R, /) EE -5
ilE B (PEEC) LAY, SRR MBRIEZ T 2L — N DANRAT — AL L GRS TET, flbld, AR
Zeoy R R E DS = I Ak DA L 2 —a x I NEERES B R T O R R AR — AL L GBS TS,

o FH2DOHTAV—IF, FE FEREL TREIZEVIROIL D Th D, TORE, HERFERIE, EREFUIKRIL
IR IES D, FIZ, BROY—ADSEN BTV AT U N ChHAZEITESEL T, ZIROIERR
FEAEB DAL D, Bl T, AT RA A2 —Z DT RRNIC~I AT o)V TR e L7 v A
MIBRELZT 7 a—FRNebivTWb, ZORNMEZDH D THHI L, RSIVTNDA, ZhvaEHT
IR — VTIEZ DITIE, RIE—EHDOFEPI VI THDH, FESITODEEM AL, TacL T, () BE)
NSRRI R B R DD T D, T7ebo b, Ry RIARR SPICE /37 A= BHHUNE S /3T A—
X% R (full wave)fiEin, KO TELh 2 1 ThD, IR EEIK(Reduced-order) &7 V7
T, FEIZHE, BHREAITOMED S5 E O AIREMEZ FF> TV D,

RERLY (ANl full-wave) SEATIXEH B EEL O REES 35, BRI AIRD IO OHA)T Il — a2
I, B RRIZEEA R 105 LA EOF L O FHE NI TH D, BIRFERATOT-D121%, BEAR DTV
WT X NE B LB D D, JEREAF A RO T2, IO AR EIRIED I 7 2 AR A7 T Db B
DD, PE- T, ORI LS —DNEERGI (full wave)ffiT a5 Et 7m0 —IZ 3T HICh o> TOHT > T
W5,

B COZD IR+t LSEMET D ERNH DL EITMNZ, T A ACEMB U ENE T2
a2l —hFHZENET ETUELRS>TETCND, ZENHE FOEMIL, AEI AN KRELFH 206 T
b, ZNHOEFEZ R T ORI R TR TEA7-0101E, ZRHDOFE T2 I EFRITITWBREE TR
2L —hTDUENDD, 7o 2L, WEERA 2 T ZDRHERE (q 7 775 —) 2D DI, R PITiti
HFEEROA I 7 RPUC I A T RLX —HENE NI TN E SR W0, EEE ZZ TH-> T
DX, FERD IC BREHT IR U R L Db DT D, 7 b, EIEZ BN 1L 8RR E DR,
ERER IVAIHRD CHRRRIA IS E T DR AR EZ T L L — MPRO ZENIEF IS E ENL TS,

BESERE DE S DL, BV BRI DN YW L B IR Bt T 5, EIEOREE | fLAKTT
BPET, (ERENE~OREICBEL CEOL CHIERAMELRL O TH D, ZHDOEEO MM, 372
bbb MENWOE I, BINORA, ISR EROZERCITRIC GRS D, B A7 VNG [ &4:L70
ST, PHICERWEINNBAETLZEN DD, ZNHDOREE LV RINITRHDIZ1E, EBRTE1TT7<,
Ral =gl Y VNN Th D, A —apg bRl —valr NEE e/ NTEA VDR 2
L—rar CFHEICR I TRENL, ST ETEHEETHD, MEIE K- FERME~LE 352813, K-BRiE
RYEIERSTHIETHY, A F—ax NEGHEIROERICNELSND — DT IaL—ay Y —/b
FIHAE D ETZERN, BWITT V7 D=— X0 b TREL > TETND,

ZBIZEAL T, BRICEE Y — L ORER EOBEET, TV 7 OBELRE E-> TS, Lol #r
LUV % 2L — 3 a AZTHEDIAT e ZE N EESREN DD E LIV,
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o low- k EDEANEAALIT., TERIDNO R AEDBIFNTHINL 7=, FiiriE CopuNaZI L, Wb
ADI T IR —ADFRMT Tl -, S HRZRWMEMIZH D, BfHATO S HE NG T, =x
VR — R — ZADHERE G BT E DY — VB ST U e D720, oD H LN B
ARSI TODH, RO R, (RENKRIZIZERIIRII TS, FIC, FEEFE-EEL T, A
A —a R MEE R LOPEN TER SIS, EEBIOVERENT 12— ar BRI Ty,

o  TAMEEDRESMEER L, 7 A ADEFFMEAETK ST DIBRANE T — 22 Rl %
KICEHL T, mLorbha~w AL —2ar Dol —al RHERARTF UL B2, 35126
VN, RO HNNT 5, 6o T, S EFEOEEITILCE B, V7L —Tal Bpksil
7RF UG,

o BN OHBAE R OIS INZEBWTH, B AW EE TV TIZEDT 7 a—F 03, i/t
EDWINZEOERN Telled, BlZIE, SFERROMHIEE IS0 | IKGE BRI 22 FLAs A1, 3D
HI7R B T b, Ll DA — )L E L FRL ~ L (DI 2l — 2 a NI NS DA — LT~
THEATSNRT UL D20,

A H =R MERED T T2l — a3, REDASIRD 4 FUTHED LODITEIL 72> TD,

1. BRI, BB LU RGEE LT 2l —a DB TH D,

2. EKEBENDIEL Ty T LV OMRREERMETH D, L, i/ NHEAT— )V O/ Ne T AT K
D EFICHED BER A L —a Rk I MR DT OO B AR F I ST 2O BENET

WL T 5S> QD 2L T, MEITEL, 28 A00 mm EFTOREX|THTZ->TENA- T

Do

3. FRRLTW R AL L (T N HEA T — )V O IR N IR HERRIC 9 F A% RIFL TR,
NWANARL AL DA H—a R k232l —al R e E BT IS S ST T b,

4. AH—aRI =V DR 2L —ar N ETETEETHD,

NSO REEEA R A T, BRI 2l — S a TRES Y — L OBV TH S,

FREFETYI S

[FIEEET V7B W TR FLREIL, ERICHRERICHEIINL CWDT SAREMD T SAA L AT
Tk, B SERSEEOMBEERZERBL T, T/ ALEEEFRFICWITU TR T2 FE 528
TH D,

TN RAE G AT RIREMEO EMEZRET V21, 1 [BIH CIELWER G E T 572 DIZIERICEE THD,
TV AT INAAL R 2l —ad, FILOWEIT O S _ EF R oAt 2R — a2 L sk,
WE ORHEZEE TmE L BT CODET MR, fBROT 7 /oy — O Tl E KIEIZE D5, ET VI,
EPEVED FTRENEICHR#HE 5 2 DGR BAH & AT, M7 T e AL B EL TRITUERbeun,
FEDOLIL, ZOIH7efFHE T ML, 7R ADRELD TS LRNCEAFRETHLIETHD, ZHUtT 7 /e
V=B —AEZNARNIT v TRt ERRRIZL . 77 /0y —BRESNAHET IR A ENE LT A2
LEFHEIZT D,

[l 2l —ar DI DRIBERET VX, Ty 7 RETOAFENED#ZIZE D, Design Chapter (2%
DF XLV IPEEDHINTND, Teb 2 X7 a7 EIEE DY, FYNEEDORD | 55 b R aEIs oD B
N, FEEBIE 7R BB OBHEMER N2 L 8T B D, BT LV OREEE CPU ZhRIZ2 > DFEK 353Kz
DT, WRENZFEREHIZRET L A~ERATL TV, Ieb @R EEOE T /W MR I VWb d, KA
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BT U2 T VI KRB R R GO T2 DI B S D, FIRRIZZOiaIL, 7 /A AL~ L7 1y
L ~L bW o T 2 OREL ~UIZBITAET VOB EZEWRT 5, bHAA KL RIS AP EHIC 2
L—ar 528K TRTCEMRET VAo T2l —1ar AL afRETH D,

JESANZ, T m 7 Bl =L — L ar OELRM B ESRE T VORI L TE, TD%T T rs
ETVHNVERTE O NI NODET Nl TEe, Ty T BINDT T ur T VH T 73 2O
I, @72 ET L THAHLRIFICS ol —Tay > — VOO ] ERNEESND, T/ AET L
(X2 DIVFEMIR S R G de, BHHRGL, AL X IHUA TSV B ADEIRNTUT 4 VPR RT
R V=7 JARX, OT Fr, FEHEFFT (non-quasi-static) 2 F72 E NIV EE| /2> TETCWD, TNEND
BT ZES T, BNANTIEME R ST A—=ZHHT VAU Z LS BIIARERN 2> TETH D,

Mo RIEE SRR T VBTV ZITBATL TS, ZOIHRET V7 IXIRIRHT, 773
AR 2l —aypbREI Il — v ar O BIGERE AR LT D, T A RTA—EHE LT
INTEFERINSEHED /T A—= XS DM OB EE RS T D, ZOZEIE, 7 UHLVEIE,
T2 EZ X SRAMIZEBITDAZT 407 « JAR— L 1 BB ThD, LINLIR G, B2 OFEIR 35

—CEHELRSTNDT s RE ISHIEELEES Tt ZOI97 T, LIZUIESS SCERE
TEWET 2D, ZOIIRMEICIE, LEVMEIZEE ST VIR 7 4T 4 T I S TNVD, WLKDD
TR, BT v 1T /3 AW, FEUETHT (non-quasi-static) &7 /L IAE ) 725 @ fdik T VB iD,
7 rs=R2 RE IGHTIE, /AAXRLOT HOET UUIZh > EEEE DR EWT 720, RF (/A X) JlEE
BT HIENTE T, 2T NETLDNBINO ST A—23HRL C PRI FTRE/AR Z LA RS ELR SN TUVA,

f2ko CMOS HRITHIT D I MNET MTHT LR E IELSET /AL TRIFIUT B0, 7282
X, BENEE BT v 0@ ih B R (high- k) OF — N —J7ERBRENRHIFTOND, S/ IT 7
CMOS 7 73AA(PIDS Chapter Z/) 1%, IBIMDET VT F L o DaMELLTLD, Z<DT /AR
FD SOI-CMOS, FinFET, 7 =7 /L7 —k FET 72X DIH72F ¥ R/ TFERZEZ 172> CND, 2OV
FVENT ¥RV EAREIZL, ZAULRIREC IV AU AT 0o 7 A BT 5, B2, 22DF ¥RV REB AN
([ZHEE (10nm) L TWAD T, |- ) FI7R B BAEHZ T %, Z4UX FInFET °7 27 /L% —k FET OXH7¢
wv% FXRNT NARCEETHD, NSV AZXDT NAANEZHNT-0, ZOLIRITADT /SA A

NEBOERME A NI TR 5 TLD, 2O TITRFTHIRIES ST m— R E565
%ME% Thpo TS, ZHUZ, B ol — T a TR A7 X A 7 ﬁﬂﬁiﬁ&
DI KT T, Bl oL —ay CRIERFEMINCA DG HEG D& DB A FBLT 5720
%, CENLT B BRAZ T 4V AT DRI, RTRIEb &L m—r L7 i%o’é@w}%‘@ﬁm&b%wg%
AN

/v CMOS T AAAIZKI L TR, BT V7 F XL Da e 350138 L, PIDS Chapter DA 7Y a2
DBUTFEIZL$E T ERRT 1%TT V7SI R 1% BER L QD AR —F—F /A ATkt
L, E7 /U SiGe(C)H DT TMI-V v 7 VT /L ORRED HBT (ZHEHES IV TS, AEVITKL T, PIDS
Chapter Tk ~_531 TV %, FRAM, MRAM, NARBERT DI85 L MESIZHT L TET VNMECThD,

RF DEEET V71X 100GHz FTILRS D, fRbin7e RF JH (77GHz O #H#{L—4 — 60GHz WLAN)
T 30GHz—40GHz Jt- HTH (SR DO EiiEE) OFT BN KIETHD, NIV T AT BREGAIE, TITAT
TINARRA L EIH T AIyvar Ty NIxyy T ZRUA A —aA R TN E Dy T T /AR
DA —F 7 VIpET VN, Tz RE [BIEET VT CIIIEFICEE THD, WD (T 7747 H5
VNI REREFRITIIIEUERRY (non—quas1 static) F RN PHFE T, ZAUTEREEICET M bESTn
PRNENT RN, BEEOER LAY R —N5I120%, CAD Y —NER5T 7 /ny—7C, Bipbi izl —y
2> LIS EF (RE, 7980, ZhC /72F‘°/7° TV B ZENTELINTEDDLEN DD, ZHHD
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YV — VIR T VR, BT 7 T a7 T V] A A —a xR A AR, E LTy — U o~
INTHAESERZRS ZEm BRSNS,

[EIEEARIL 0V B AN—7 ~ OO RI 0T, A2 X —aRx I MNET IVOBEEMIIHL TND, A2 —
AR b Ry NI — 7 DS RORESITEHEERPIRA AR TD, BRDISHIX, /e AN—0 =y F 7,
AE T 47 BDRILTH) . AFEIR, ZAUTY A XL R (Interconnect Chapter ZXJ) 728 D SR 08N KD
TN EWBLLT L PR A R —a kT e iR 2 — g BT R S A R R R A AR O T D I LB T
Do AHIHADBEIL Ry /7 REICEE CThD, RF AW TIL, FIREEEO AN 7 &7e
S TWND, NIV Ay ar T RT T T DI AL B —a X I~ T HNAADSERE TR IL, @<
JEREECTIR S TZORIE 72D, BLA L Z—aR I NDOFERWEITEFIR DT NSAAL VLI CEREIR D70, #
HMEFE 2 T 27 VI VRNIERIZ2EE ) DN IR 7e b2,

SERERE FE OB D T A AL O AAE A B C& 70725 T D, ZAUTEIBEDOL AT I M-S
WTET UESIRNEWNT TR, TV DU TR O L7 3IRTE T T o7 Rb 7 RF [RIEERRAIC
K& 5B 5.2 5, KB Cld, RS2 b RE /e BE 5.2 TL5, HleL T, iy 77
NENSDD, 122 ZINTTVHN a7 7 F VN7 s e RE 5 siE L CTENSOEWER T ET 5,
IRERDFIE SOI-based <CifET NA A THICEIE| /2> TLA, - THOIHRE, FHHEIEEN HEIGh R E
H 705D, RF IGAICIE, KREWEERM I DRNEE 25> TLD, ZORFIL, T /A AL ~LLED[H]
L~V TEESNRNOENT R, ZO720121E, BRI 22— al BN 72D,

TRIFTRER BN R b —vad BRI R AU OISV TS LB B2 > T, ESD
(TFEROT B AZBN T, Bl E T B EZWBED — LTS, T/ AL LD /3y
b7 AT IS TR ATREARIEIEL /b S Rl — S a2 78, BSD 1K CRA/ T 7 BFHERIET 5
TZOIIFHMIATHD, MAT AT =R I L AT U NPODO L7 ha~ A7 L —ar OFRlE A=/
— VAN =R = U BT DT ESNDMED DD, BRILIKOERRNE, Ay v UT 204,
FIUZ EMC BE MRl D 32— a i, WO OBRA I8 B R 3 3 A& FREX LD, THIFFE
1R T ME WEOWEEHE T DD OF NI 3L 5,

NNor— a2l —gy

IC 77— D4k Gt (co-design)l T AT DL~ UL TE X DT ENGE 4 BB > TE O HRENTY
FIHTHD, LRI o7 —ViEHEE 1L Z A L2 V0 7Sy REELE 528X PCB (7 U MNEIEFER) Fod> 1/O
FERRABLIE T A2 LA 5 T X A footprint B D FIEICHEFL CVe, ZOHIETITHZ D DT AL VR KRE
IRDRARD (VR0 —2) A RIZKHE TEIR, Flo o — TR | BB OSARETE/RN
VORIEA 2 5, Bl BXOMLEHkAZ LD FICHIZ, &7 F LA T 27T (signal integrity)., /3
T — B, A=KV A2T VT 1 (mechanical integrity) {ZBIL COERIZE LR T IUZZ2DH720, Bk
SIVTWDESRI, B, AN=T1V R0l —3a 3F ALV AT DB LT ETHFEITURITIE D72
VDS, 2SS -5 E (co-design) > — /L EDXIFHIZL > TRIBEIZ/AR D, BV I - B E(co-design)” — /i, /X
=D ADT —H R AL A, FHAICBRESE | W OB R E X T A ZEDNRTRE TH D,

BED— 7230 /r—F 7 )WL, IBIS, SPEF, %7213 SPICE O LHREHERET L ThHD, Zibit,
ETIVRHEHMT, 22l —al - AL —ROFEBHHENLA % BHEDIL ThAD, ZDOIH7eHMMET
V71, BT — R RIS B BN THD, SPEF ET /UL, FBUERRO B A Z 72 A0
FEET, BOKERN—TDNENAEALH 2 AN CELIGHICH N THD, IEHEWERR, &
WEETL—7 | BERRR L RE RO/ R — A DW TR, A EA L X X AWNEE 25, IBIS 7 /LD
WAz FE G RGLIR 3208, o —Y EOETOHE AL AT RN HWZa— LT T, ZHUEs
2l — a1 E RESHIRT 5, EBOLIZLTHmFIEIL, B, 777 R EREWED ZERTEZ0,
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Me— SPICE 1XFEIR. 777 FOIVEHE T T N AREEET HZENTELHD, T T FEEEEY ME )23
H5,

= DER, T I REEDE TV IIIEFICEHE THD, BNV Ry T | JARX [RIFEAA
F o7 IR, BT IR EEL VB D5, + 0787 1o 7 VEED BERGEAICIE LA ES LTV
DI, AARR S — Y A RN T T DIEEREN BN IV TUNDD >, ZED JHARD HIFEL N,

HERRRE T EBER N —ADET VAR T, Sk ER M ERUREHRIR T T /WTBAT T 52803
O EEZITND, B\ r — RIS CIIFER ICROIVIZEIR, 777 REE LR, i
72 BGA R—/L - Z VR T L A) R lr — T, B 7 70 o Nz AU o & 3o 30 0 R EEC
%, KOEHERT )T F o T RET TR R A QLAY —D _LICEL DI TR BRI FAET D, 7307
— VRN EIT IR, — BAESNT S — VBT IS OBEFIIEDZ LT, ZORE,
RFTUVT =TT L Ty M BICIRE T A AT A& AL T 20050385, reduced-order £
TNDIHREET V7 THETIHE T DU DD, IC 73yr—2 L PCB VAT LROBEHES AN
HEET IVICEIATZ LT, B2 Ipay IR— R NET Va2 |ZEIEH R ATV 2 — b D T 7 e —F 3,
'FFIZ SIP(system in package) <°> SOC (system on chip) VU=—al a2 EETHEE, MWELEF 25, T VXL,
7F a7 RF %L C, MEMS (micro-electro-mechanical systems) . Y5785 T [RIRHZE BT 2881E. [k
DETNVRUEETEHA), A F—aRI T TV—=b_or—V DEEZZ R,

vi1v~yay:&$/b%1’ﬁéeu\5:& IR R BT U THILW R E A A 3281870 b, 2 o7
— UTEIRINTIZZERIT 3 IRTED BRI NN —Z O T 2 &t brevy, 7y 7 F v 7 Ry — Tl
2 OEHRE & B 77&%4%3_7%1“ {ET DD T, Teole—AKRDIEFDORy MO THIFF I S1H3
T D, MCM (multi-chip-module) Tl FE5 uj(%fciﬂid\“k/}‘@?ﬂﬂmzil/\bﬂ‘f%giﬁ/ﬂU-I@Z\/}‘%
B R T EWERRENFAET D, (D7 —AIC L Th ., fATHEEE /NI EI AR08, B 7

T RDONRGA=HHHIZ BT TIPS D AT oS ba s & Zd, 7/1//\//7—/1@¢E|35j75§
CX | RNTREIRDS P AT RS VS — s U DBHFE DA AR E IR T DD D Th D, fRHTHEIR
AIEVEXW SN T AR BN HIETEK TEDHTHA), FRICREE AT B ORI TIZUET S
WERHD,

BMRGEO low- « FFBAROZNITERAT O LENENSHIL TD, IC DE AL ARERDIE A E
1T =N D, EDEE, Z DIV DEERINL 7\ r— IRV AT B, ZOBETRTIOCT5
ZEIRIETHD, ZhU, T2 — 2 al RN E R T B8R (co-design) >V — VAL AN T A
RLTCWD, BIZZTU U REERL TSRS\ —iEEZ BT 22NN ETh D, 7o bEROR
ML 2IE, ERATR Y MO8 5736 T D,

**F%LLT%J\?S%LZD? M3 KOS T (ARL R) 1, 2 ORFEZ R L TET /U bL7aT
FURZ2B720, low- k i BRI UIZ LIS A A RL A (mechanical integrity) Z HIJEL TUW\H A3, — 5 CIA
REZEL ST (AR R) WETETRLL 2o TND, ZDOARL AT, AR, 7T R BRI H ORI N
WA IS THIERIESNDAD AL —R0 | BYEEROIK NIZED, FrokElesd,

AN R AT L= al ROWAR IR OEFL, 575 TRIT DY 7 Ny =7 Y — LR3I D, A
H=J1)v A>T VT 4 (mechanical integrity) DEIRIZIUWNTY, IC 23— D H - F%FH(co-design)i L, low-
kK T SAADET V1L, FILWTNOLD THD, low- k 7/ SAAD/ S —V R FRICHIRD IS

ZUE, IC B IS ~TRE 2 R OREE D B INS AL, AR T S — RS NI N D Z 80D, — 5. 7 o7
—UTHIEE, low- k ST U RIERIED A7 7 U7 1 (integrity) D E R FHAZPIFEICTHIETHD, Z
DEMT, IC KEte7 77 7T ut L, Ry —YDHERIZED low- k 07 T RERIED AT 7 VT 1
(integrity) 23 L7250 TS, —J5 T low- k 237 T RTERIEO M AR 1L, /X r —VI T
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D A RO TND, ZOBLEMNG Sy r —UHANETL low- k 7 /SR G T DRSS D3 r—
FAHZEWAA TS, N7 2RI 31T 530 — VIR R OIS 12T LT DH LW HIER, 2
D7 FH(co-design) BRI T, KLZEDTERWED THD,

MEFET U

FLEIOBIFSIZ o T, IS SV EL O BRIRFESS | ZIVERIZID T S AAREMEBIFEOER
1. BERREY . BV~ D R BRI O H DD B CET T EEIL/R-> TS, Bk TiD
ALTCWBMBHI W ERR 72 IR A CWAZRIZ LD ZO[ERIIZET E T HERNIT DA TND, FEkn
— R~y 7 IOREN CND K E R [ERER D Z D720 ORI E LT, Fli 2 OB IRES N TWD,
2 J@EIEOMERREL | T A ZAERRIFE OB, BWHE U UEHEMEO BN D R R EL R A B
FRIZDOWTOIAEMERET V7 D BIFHZLI2ED WO OB HE R EERIV7Z2 N2 T 52 L7 bk
DIFERETHIENATREE 72D,

FRERII72H D THNIEARFTENLDOL D ThiL, MEFET Vo 71320 RAEGH T DT THD, L)
LAEHIRIC R AL Bl 2 1 2Rk E T 5 “GeimD T ) A —/L CMOS 122V TDI 2l —afE
777 Cl, EARFHEDOLOMEFET V7 TIXEEN R R THY, BGGmNeT T VR LIELIESELEND,
TESTEMPITIL, F—FIIC S ol —ar AR AR Th 5, FIRIGER (L7 L2 — L
MREIER) O EHEFED BTN T, EIZZOFED RSN DLRETHD,

BEE, TabA TAAA FHE == 7 BRCOZENENDOET VY IR 2 —ad, M
[ZBIL TIIEERS AT E L TR EID, ZIVEDOWMEEIL, RINTHL) IEEUETLIRWGE D%
W, SEHIED, S USRI K EECHIVTE — BN S RSO 5D D7 s T — X — A3
oD, ZOMDT —FX—AD R EEN LB OT-DIIE MEFET V7 ELTUL FORED &
Do

o T —HR=RITROLNAYNEEIFFATHY, LobETEITHEML THATKOT, ThEFHET DTG
BHEAROEIZB WD THROEIZB W THE NRRETHD, (6> T, EBENRMICL, T LU THITE
ROZAGITT IR T 27212 | FHEFEIIRIEIC BB kS o & ThHD,

o MEFEFVL 7 DXL DI COE—DIBIL, > alb T v H— HRROF PR ChLE—FIzE T
IFEREDMIC R AT TRY,| AR BRI OA MO RHMEA LB/ L Thsd, % H
ORI, TSR ORI Z HE1D721F /D72 L2, WL TR ERYMHEZ I 20 Th D, =
D OO, [Fl—Di ol —Tar - — L TIERSNAZENUIXUIESH D, 2D —DOFEEIZKIL
T, ialb—ar - — LV OEREE Y 2 — /Wb 558D IV EHIZENE NOFBEITRTL THAT
(2. BHFE LIRS RS AT REE 72D,

o T HARTOIEMRTEID  WERTF ¥ VR T AT/ A—NL | High- k i EIRD FERRUIEETF
A=V ERSHMET DI, TR0 DB I L CElfge iR e L CORERE GO EIET U 7L 2D
Ral—rar Y — WO CTEE LS, BRI, AICEET M EFE TV 7 OFER,
ENDGBIZXH L TET VT =V ELTRASNDRETHD, [l 2 ODMEET V7 — i, Z
DA EERL THEHSNAHRETHD,

— 5T LR DI EHRIDOEICHOWT 2N ENOMERFET V7 BRSNS,

o WRINTVTANFHALFHEIEL 2 AR) OB LN~ AZER, EUV VY7 T7 4 THWOIND 2 & AR
IZBWT MEHET A RRETHD, L ANDEEIZIBIT D5 A XD 23, LER (Line Edge
Roughness) <> LWR (Line Width Roughness) DI EIZISVNTEBINDHL TN B D,

o FLRROENWERFESEHEMIL, SAOMIIREE T IUC L DEE RO LI RKEKFL TRY, 2
2L —1a BV TEESNALENR DD, MEFET U7 OH5— DO, Low- k i EBIATHD,

o TuBRIZBALTIL, AA AR, JEHL, {HMEAL, EIEN TOFE BIEBUZ DU T, FRTNICTES LT/ 3T A
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— e G RH AT — RN TH D, ISEIFH TOR—/ ke co-dopant[ R : [AIRFICA A 1 EAS L
BEAED A I TEDLIER DD,

o THAAARLI2L—ar THOLNDET LOEIE, BIZIXFERO NS REG, FERE., Bt
ERFEE B D T2 T o VIR, 2B IS0 T MERFET UL 7 LB 2 D2 L TED, ~HE
IMRHME L, JRFTES L08R, KI5 NS RFTHIZR BT v L (FlELC, 78 T H sSi, SiGe,
Ge, II- V., SOL, & SOL, GeOl, DB ERE N EEND) R T DINTRDFAT N, T8RS
22— ar OREILERNPMLETHD,

it fi SO TCAD

TNAZDY 10nm SEIBIHHIME T DD R— U N OEED DN Z I LD R HES > EH D
WNTHBLE ST A—=Z DN LD T 0 RXHOEN SR AT~ BEIT/RD, FBEAO ITRS BLZENLI ATy
FFHRARDN DD TE RSV TNDINT, ZORIEMEITS B0 5T SAA bl n— R~ 7 2RO HEHR
\ZHRER T2, A4 Hn DOYEFIRORECTEENTHRNT DAX T ¥ R BITDHR—/ U MARIZRL T,
2D FEIARI 2 R THIXEEEA AL, ZORE R, FOMAEIn N BTz >N TIN5, [
FR72 DRI, 77 —ho> CD (Critical Dimension) 72 & & _EOEEFRICIOIC, Mokt ZBh &2l 5Z 138
WEWDA AT TITED, L TAHTR, EOFEE EOMED B3 RICHITHIEL ST 5,

TV T e Ralb—vard, ®it, PIDS, FEP, V797 4 A X —axJh, 77N —A T —
2> B EOM B AR — OB D7 aRx Ty MNE TR HDHIHIZ, TCAD 1£7 /A A ICs, VAT
LDOVERELEHENEIC BT DR — RV NEBN B L 7 o A ES XD/ IMEEFHIIC - 5- LT AU 5720,
L7025 TCAD OFSIE, IR IELEX NI B a—H E T Ial—al 378, TORE LU CMERE
RAFFME~DO ZEL A THESITRDONDLZETH D, Thdx, HIZ THRIEDH 2MBRE T V21 2
TWAHRAT OB R/ T RAR/ A 22— al it 1 E50X LW F v 1L E, CD, LEWESE,
A7 @it BRBIEL, (5 5B IR L | ZNHEDIEZ R T 2DICFIHEND, ZOLH721XH>E DR |
FEERIFZEL L 9D 21d, ECHIREECTHY ST, 2D —ATRAFETHD, 788D, W —=
77 RAEFERLL TELLEMFIIR, HOWIET v RV FHIRORN — /S NRF- O, HHVNIZNHLDIE
72 BB 6T D RER T A — L DXL D E & ERE RS 3553, ERIIZELE T 2R/
MRS DT Th D,

U, BT, Bl S F(Design, Manufacturing, and Yield: DMY)D 728 @ TCAD D) H EIETEI R
FT~DREIRFEILAFAET H(DMY D7D TCAD):

o LATUMRIEANZINE, VY 7T 7 12861 DI R, F3 KB CMP 2R OFREZ FIEEIZ T 5
TR T ARARREET L2l — 2 ar ORI DV AT T MEAET 73 APEREOD R,

o T BAREENIL S THIZHLIDT A AEREEACDRREERRYT, ZiuL, BAEAYZLNIZT /SA AR
DITLASXEIZAHT-DIT ., TR CEAM 27 OB AT A= DI RITH DX E IR TED, JeitdF]
FATREZR LTS FElE L T ZAUTT SAAARDFFEHIFA(TZE 21, Vih OIE 3 0 28D LIRTHIL5
MEIM, WET _RET T RIEND, T U TR 0720 EmE Il cE D,

o 20Nl ZFDIELSEMBHIFEL T, TCAD I1ZHON R T ASAAT —%T7F v —0D4 B Lot
RE7Z 1T T ZNHDMEHFHE CE 5, ZiUuX, SEHSNAT AR T —X 77T ¥ —D L) ROFHlN T
&5, DFYD, BARDMHEEEmWE B HEL IO T, 44 B EOMREO S EE IS, TOME H1T, &
K72 T A RBHDHNTIC OMERBIZBITAIEL &2/ NS T 57 a8 AH A NIT —F 7 7 F ¥ DI L
DHHEVEE T2 WG LA,

o TubBAHIREENLDIZL X ERITIESGEFEORIOEIELIZ /2 DM FELT-AE%E SPICE €7 /b, =
OffFEIL, EXFHIR T HRLE DI IEMZTHEIN TED, 7oz, 7a— VA7 —MES Vth O
FOIRRRF ST A—F DFFFEN I - T, FAFER O O MEIR CRERSIL, TSN Tkl <72 b0
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HLNZR, FHUTiREH 2 RATEBEE A T 5 FIC Lo TR SN A E 2 E 55 LIC, BV VERE
ZH 0 IC O, JO/NSIp A HAOVTEVMEFEMEEZ T,

o HOIEEIZL > THEAINDIELOXIIKT DT NAARLIC ~DFBOF M, ZOHiX7 —R 74 —U
—RRT 4RI T —REEEFEN, BEE AT AN T OB R RT A= XD IEERCRY 7 SO [RE
BLENDIERC, NS E MR- DR Se i~ 1 A fHl(Advanced Process Control :APC)Zfifi &9
Do

o KRIZ, ZTON—THEATTHIE FDOHEHMDOBEFIXO HDERLENL DAL IC /T A—Z D%
HETLHIETHD, ZOHET B EVNCKL Tb R 7 B RO EICE > TR EVICBITHY
2RI OXOMBL T TX, ZND 7 BB ACKE O/ A HIZIV R Em EHTED,

AL “ALEDT-H D TCAD” “REFDT-H D TCAD” “HE EV D7D TCAD 12T AR X7 HaE
LEHz T<ha,

LNULZn, 7R XH XN —/ U NEB O BZ G T 57280 D TCAD DI HA~OETEREHT
1. TCAD IZE > T D AR EA T T BT S T 5

o T HEEMENHY THIEOSHLMERTE T LI FRETHY, SIS TCAD Y —/UZHBWT A
SV U n7e v, ZNHET AV O—RIRERITET V7 e Ial—arOFED, Dty
ARV CGERSILD, L L3 n, 20OkAIT LS, 355, SMEEVDT=8H D TCAD IZFRFEDE
At o, F97, 72 HHNTHEOMERE O BUED THITlEel | IXH X O EBEOWE THD, TP A,
FERRTOET NOXFX T L —2al BWERTED, LLARME, PEREEO KREXEFRRIZ, ZDOZALOMH
A FRSHRTIUTR DR ENIEIRIZI T, EARESRIZET AN IEL MBI EZ RIS TEHE T
ETT, EBlT, TeRAL 2L —var NOFIHTELET L Th, 7ok xlE, Y —=U F BB AS
#1% LER (Line Edge Roughness)<° LWR (Line Width Roughness)(Z33\ VT, IXH XD &S OFEFHIT E
oA CE TR,

e 2 &HIZ,DMY D72 ® TCAD IZXL T, 7HER /T /AR [REI ol —ar O AL~ VIR
NS ESNRTIUEZR O, 122 20E, VI T T T4 10k == B K= 7 7ok 2R
KrDIREELTyTF L7 TR ary CMP O 3 IRTTH a2l —iar b, 3 IRIET A AL 32
L—ar OFEIE, AT 2L —2Y— L CIXEERIHTEe, S5I2, fl7e D BRE BRI X AT
WIEAR, FRICRERI IR L T2 b T AR 2N Ay 2 Thh D, DMY D720 TCAD (2K T,
ZORE~OHEATREE IRBENNIE T, 772D, £ COEHRE . =& X T ZERORHH OB Iz LD
BUERRZE, Fee B ol —F BV a— /WIZBITHHEI DAY Y 2 HOE N LAEERR AL, Sfkiy7eT
NAZBHLHNT IC IEDDEDEUE A XN L TH BT AES VR W I ITHIBEIE AR T U257,

o K&IZ, DMY D72tH® TCAD (24T Db NEE 2 H AR E(Difficult Challenges)id, 7/ A—# 27— /1
DVAIBRA 7 TR RS FNARAL I 2 —arb BEE 10 FHIWA—ZITEHE THDEEE D
WRENGEND IC ZHEHOBOEIEL TH D, 3 Rt 7 mE AL 2L —3 a3 T A A&k 572012
TV EBEA T DAY Y 2 i TR T D, ZNET v T L OUTHBET DL, 10" O Ayy = SRV BERE
L, BWICBITH o —ar ORI E > TEHA TRV, FEREL T, EEI7R g S 7 LT Y X AT,
T IR — N TR TINAAL R 2 —2ay BNSI2 VT 4 VDT 12T TS, EniEdn o
& BT SPICE /T A—Z L~V D Y707 — 23S, £ U TREHIH O T EVWO EERY72 SR
2L — AR LTI SN ART IUR 2720, VT A V) T BT —Z LA T T M H S CHF
ESNIRT TR BN D T, ZOV 73BT A CRRTF U 25720,

BB FE BN

JRFED TCAD 53803t &3 DB SU L8 (ML L QWD O T, BIERHREIEET VI VA LTINS
ZWHT- DI BEMEEELTND, 1282 13T A AL 22— 9Tl Boltzmann 7A@ k555 AR
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Table MS2a Modeling and Simulation Technology Requirements: Capabilities—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 | 2013 2014 2015
DRAM % Pitch (un) 65 57 50 5 40 % | 32 | 28 25
(contacted)
MPU/ASIC Metal 1
M1 %  Pitch 68 59 52 45 40 36 32 28 25
(nm)(contacted)
MPU Physical Gate
Length (am) 25 23 20 18 16 14 13 11 10
Lithography
Simulation of EUV including optical flare, NGL models and modeling of
Simulati £i ion lith hv f optical lithography for very high NA terial d gts
Exposure imuation of Immersion ithograpny for (about 1.7), ML2, imprint lithography materia's and componer
high NA liquids (NA about 1.5) [1] options- n,lo del,s bridaing OPC and (immersion, EUV, ML2
plions; ging g lithographic processes, imprint)
predictive feature scale simulation [2]

Non-conventional
photoresist

Multiple exposure; EUV resists;
finite polymer-size effects; line

Predictive chemically amplified

resist models including LER and Meso-scale resist models

Resist models immersion (liquid-solid collapsing; lithography on with finite molecule models and
interface), and methods to easily topography; coupling with etch effects; resist flare coupling with
calibrate parameters models etch models
I_Aarge area TCAD-based methods to detect weak spots in TCAD-based inverse lithography
lithography i i <3 modelin
simulation™ lithography and etching across whole exposure field 9
Front End Process Modeling

Modeling of new
process steps /
processing and
properties of
alternative
materials

Model material properties and electrical behavior of
prioritized alternative dielectrics (e.g., Hf-based) and
gates (interfaces, defects, impurities, work function and
band gap offset, mobility, leakage - including metal gates
and FUSI) [4]

€ High-k dielectrics and gate materials
(interfaces, impurity diffusion, electrical
barrier) [3]

Gate stack®

Calibration of present models for Si
based materials including stress/strain,
silicidation and new annealing steps

Continuum diffusion

and activation Refined and predictive models with better accuracy for upcoming process

steps and applications

models

(e.g., millisecond anneal)

Atomistic modeling
for activation and
diffusion*®

@ Speedup of Kinetic Monte-Carlo

Inclusion of stress, extension to other materials used in active device,
calibration of atomistic modeling on first-principle calculations and
experiments, integration with continuum process simulation
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Table MS2a Modeling and Simulation Technology Requirements: Capabilities—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 | 2013 | 2014 2015
DRAM % Pitch (um) 65 57 50 45 40 36 | 32 28 25
(contacted)
MPU/ASIC Metal 1
M1 % Pitch 68 59 52 45 40 36 32 28 25
(nm)(contacted)
MPU Physical Gate
Length (nm) 25 23 20 18 16 14 13 11 10
Topography and Material Modeling [5]

Etching / deposition

stress)

(Surface) physics based feature scale
models (including redeposition and

Integration of feature-scale simulation
with equipment (plasma) models;
electrical properties and stress including
microstructure in deposition; layout
dependence; process integration
(coupling of
etch-deposition-plating-CMP-lithography)

Alternative material
modeling

Calculation of thermodynamic and
electronic properties

Equipment impact
on process results
including material
properties

Numerical Device Modeling [6]

Calculation of mechanical properties; process impact on intrinsic material
behavior, integrity and electrical performance under strain

Including data beyond
topography to also include
surface and sub-surface material
property prediction, full
molecular dynamics (or
atomistic) feature scale models

Computer engineered materials and process recipes;
predictive manufacturability and yield; full process integration

models. Integrated equipment/feature scale modeling
extended to include material information from the atomic scale

Transport modeling

(7]

Orientation-dependent mobility models
including. field-dependent non-linear
strain effects, surface roughness effects
of nitrided oxides and orientation of the

Mobility models for high-k
gate stacks; efficient
inclusion of quasi-ballistic

Mobility models consistent with QM
confinement in thin films (esp. SOI)

channel Bl
Nanoscale
simulation
Additional Device models to include additional Efficient quantum-mechanical simulation of 3D device capability
requirements for interfaces (especially mobility in thin structures, including thin films, consistent with mobility including
non-classical CMOS films) models accurate
atomistic and
quantum effects

Novel devices *

€ Single-cell modeling of MRAMSs,
PCMs, FeRAMs and SONOS/NROMs

Material properties and reliability
modeling of novel memory devices

Reliability and noise
modeling

HF, 1/f and RTS noise modeling

Trap generation during operation (HCI, NBTIL, PBTT, .

Modeling of nanowires, graphene,

etc.

.)
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Table MS2a Modeling and Simulation Technology Requirements: Capabilities—Near-term Years
Year of Production 2007 2008 2009 2010 2011 2012 | 2013 | 2014 | 2015
DRAM % Pitch (um) 65 57 50 45 40 36 | 32 28 25
(contacted)
MPU/ASIC Metal 1
1) % Pitch 68 59 52 45 40 36 32 28 25
(nm)(contacted)
MPU Physical Gate
Length (nm) 25 23 20 18 16 14 13 11 10

Circuit Component Modeling [8]

Active devices*

€ Compact models for non-classical
CMOS/ non-quasi-static models for

CMOS

Interconnects and
integrated passives®

Hierarchical process-aware full chip

RLC [10]

Process and
materials impact on
electrical
performance of
interconnects *

@ Models that relate material properties (process related or fundamental) to electron
transport (e.g., in conducting lines). Includes models for electron scattering. Models
that predict paths to material property repair (e.g., low-k repair, capacitance repair)

Include self-healing and reliability

Circuit models for non-classical CMOS devices including
reliability and influences of statistics; circuit models for
classical CMOS including quasi-ballistic effects

Circuit models
for nanoscale
devices and
interconnects

Package Modeling

Electrical modeling*

@ Unified RLC extraction and multiscale

modeling for package / chips

Reduced order models

Thermal-mechanical

@ Thermo-mechanical-integrated

@ Include non-bulk
and porous/air gap

Include reliability (esp. life

Full-wave analysis

Mixed electrical/optical
analysis

modeling * models materials prediction)
properties

Material broperties € Improved material models
. prop (visco-elasticity, creep, plasticity), Full die simulation

interfaces
Numerical analysis
Meshing * @ Robust, reliable, efficient and user-friendly 3D grid

g generation including moving boundaries
. Discretization schemes Efficient atomistic/quantum methods; ab initio or
. More robust and more parallelizable X .

Algorithms . alternative e.g., to box molecular dynamics based topography

algorithms . X

methods simulations

MANUFACTURABLE SOLUTIONS EXIST,

AND ARE BEING

OPTIMIZED

MANUFACTURABLE SOLUTIONS ARE

KNOWN

*Interim solutions are known but research is still needed

towards mature commercial solutions

*Solution is not known, but this does not stop manufacturing
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Notes for Table MS2a and b:

[1] Non-standard final lens / standard resists

[2] Non-standard final lens / non-standard resists

[3] Models that at least roughly predict effects like oxygen vacancies and Hf-Si interface states are required, as those effects cause
fatband shifis and fermi-level pinning. Currently there are no commercial tools available in a typical TCAD environment. Thus very
phenomenological, a posteriori approaches are used. They are limited also to only some effects and by using models that were originally
not designed for those effects.

[4] “Alternative” refers to materials so far not prioritized in PIDS

[5] Emphasis in topography steps shifted to material aspects towards long-term years

[6] In Numerical Device Modeling equations are solved that are typically based on fundamental physics and describe the electrical
behavior on spatially fine resolved quantities. This means usually partial differential equations (with respect to spatial coordinates) are
employed. The goal is technology optimization and device insight

[7] This row includes all aspects important for all devices, that is, especially classical CMOS bulk devices

[8] In Circuit Element Modeling no spatially resolved models are used. Approximately analytically solveable, physically based models
give guidance for the used relations between electrical quantities. The goal is a description of device behavior (currents, charges, noise)
in circuit simulators

[9] This refers to a minimum of functional sub-circuits
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Table MS2b Modeling and Simulation Technology Requirements: Capabilities—Long-term Years
Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM % Pitch (um) 22 20 18 16 14 13 11
(contacted)

MPU/ASIC Metal 1 (M1) %

Pitch (nm) (contacted) 2 20 18 16 14 13 1

MPU Physical Gate Length 9 8 7 6.3 56 5 45

(nm)

Lithography

Exnosure NGL models and modeling of materials and components (immersion, EUV, ML2 lithographic processes,
P imprint)

Resist models Models for non-conventional photo-resists and coupling with etch models

Front End Process
Modeling

Gate Stack Modeling of new process steps / processing and properties of alternative materials

Diffusion and activation

models New technology needed

Topography and Material
Modeling

AIterngtlve material Atomistic material model

modeling

[Se{0Io]y (1) A 11T e =l eI Computer engineered materials and process recipes; predictive manufacturability and yield; full process
process results including integration models. Integrated equipment/feature scale modeling extended to include material
material properties information from the atomic scale

Numerical Device Modeling

[6]

Additional requirements for
non-classical CMOS

Nanoscale simulation capability including accurate atomistic and quantum effects

Additional requirements for
devices beyond Nanoscale simulation capability including accurate atomistic and quantum effects for ERD and ERM
non-classical CMOS

Circuit Component

Modeling [8]

Active devices Circuit models for nanoscale devices and interconnects
_Interconnects . and L] e-lectnc.alloptlcal Reliability prediction in coupled modeling
integrated passives simulation

Package Modeling

Electrical modeling Reliability prediction in coupled modeling

Numerical analysis

Multi-scale simulation (atomistic-continuum); fast coupling of equipment-topography-electrical-reliability

Algorithms models; hierarchical full-chip simulation

*For 2005/2006, interim solutions are known but research is still needed towards mature commercial solutions.

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known | 4@

Manufacturable solutions are NOT known !
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Table MS3 Modeling and Simulation Technology Requirements: Accuracy and Speed—Near-term Years
Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) (contacted) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10

Technology development costs reduction potential

0, 0, 0, 0, 0, 0, 0, 0, 0,
i TCAD is appropriately used [1] 40% 40% 40% 40% 40% 40% 40% 40% 40%

Lithography Modeling

Absolute CD prediction accuracy (including OP
effects) for dense and isolated lines — % of actual 3% 3% 3% 3% 3% 3% 3% 3% 3%
CD (=printed gate length) [2]

Accuracy of sensitivity of CD vs. relevant
technology parameters (dose, defocus, pitch, .... ) 10% 10% 10% 10% 10% 10% 10% 10% 10%
(3]

Front End Process Modeling

10% 10%

Vertical junction depth simulation accuracy (% of

physical gate length) (2.5 (2.3

nm) nm)
Lateral junction depth simulation accuracy: (% of 5% 59
physical gate length) ° °
Accuracy of sensitivity of junction depth with 5% 5%

respect to implantation and anneal conditions [3]

Total source/drain series resistance (accuracy of

o o
activation) 10% 10%

Topography Modeling

Wafer scale deposition/etching/CMP accuracy [4] 5% 5% 5% 5% 5% 5% 5% 5% 5%

e dmendons | S| S

1.80% | 1.80% [ {0LZSN K15/ .80% 1.80% 1. 80% 1.80% 1.80%
Gate 2D/3D topography accuracy (% accuracy of I N |t e | St e (|

the MPU physical gate length) (0.45 (0.40 (0.36 (0.32 (029 (0.25 (0.23 (18
nm) nm) nm) nm) nm) nm) nm) nm)

5.00% NA NA NA NA ‘ NA

Gate sidewall spacer 2D/3D topography accuracy

(% accuracy of sidewall width) |(11m4) NA NA NA NA NA
5% | 5% |
Interconnect 2D/3D  topography accuracy (%
accuracy of MPU/ASIC Metal 1 (M1) % Pitch (3.4 (3.0
nm) nm)
Numerical Device Modeling [5]
Accuracy of ft and fmax 10% 10% 10% 10% 10% 10% 10% 10% 10%
Gate leakage accuracy (% of Ig) [6] 25% 25% 25% 25% 25% 25% 25% 25% 25%
Ton accuracy 3% 3% 3% 3% 3% 3% 3% 3% 3%

Leakage current accuracy including S/D gate 30% 30% 30% 30% 30% 30% 30% 30% 30%
leakage and band-to band tunneling

Length-dependent Vt accuracy (mV) [9] MOmV | 7mV | TmV | TmV | 7mV | 7mV | 7TmV | 7TmV | 7mV

Width-dependent Vt accuracy (mV) [10] 10mV | 7TmV 7mV 7mV 7mV 7 mV 7 mV 7 mV 7 mV

Accuracy of Gm and Gd at Vt +150mV versus L,

Vbs, Vds and T 10% 10% 10% 10% 10% 10% 10% 10% 10%

Circuit Element Modeling/ECAD [11]

I-V error in saturation region 6% 5% 5% 5% 5% 5% 5% 5% 5%
I-V error in saturation region 6% 5% 5% 5% 5% 5% 5% 5% 5%
I-V error in linear region 3% 3% 3% 3% 3% 3% 3% 3% 3%
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Table MS3 Modeling and Simulation Technology Requirements: Accuracy and Speed—Near-term Years
Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 b7 50 45 40 36 32 28 25
MPUJASIC Metal 1 (M1) % Pitch (nm) (contacted) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Leakage current including I and gate current 10% 10% 10% 10% 10% 10% 10% 10% 10%
accuracy.

Intrinsic MOS C-V accuracy 5% 5% 5% 5% 5% 5% 5% ‘ 5% 5%
Parasitic C-V accuracy 5% 5% 5% 5% 5% 5% 5% 5% 5%

Accuracy of Gm and Gd at Vt +150mV versus L,

Vbs, Vds and T 10% 10% 10% 10% 10% 10% 10% 10% 10%

Circuit delay accuracy (% of 1/maximum chip

5% 5% 5% 5% 5% 5% 5% 5% 5%
frequency)

Package Modeling

Package delay accuracy (% of 1/off-chip clock 1% 1% 1% 1% 1% 1% 1% 1% 1%

frequency)
Temperature distribution for package (accuracy) 3% 3% 3% 3% 3% 3% 3% 3% 3%
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known |4
Manufacturable solutions are NOT known !
Notes for Table MS3:

[1] This line does not give a quantitative assessment of the industrial requirement but gives the average of estimates obtained from companies on cost reductions
in best practice cases through use of TCAD in development

[2] CD averaged - LER not included. After calibration of resist parameters

[3] Influence of process parameters on CD, etc. should be predicted with that maximum relative error

[4] For gate oxide this means atomistic precision

[5] In Numerical Device Modeling equations are solved which are typically based on fundamental physics and describe the electrical behavior on spatially fine
resolved quantities. This means usually partial differential equations (with respect spatial coordinates) are employed. The goal is technology optimization and
device insight

[6] Not including effects of high-x / metal gate

[7] Absolute values strongly differ for HP and LSTP. Important aspects for nominal devices also included in rolloff accuracy

[8] (Positive) difference in Vth of nominal and subnominal device

[9] Difference between simulated and measured Vth for different channel lengths

[10] Difference between simulated and measured Vth for different channel width

[11] In Circuit Element Modeling no spatially resolved models are used. Approximately analytically solveable, physically based models give guidance for the

used relations between electrical quantities. The goal is a description of device behavior (currents, charges, noise) in circuit simulators.
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T4 RAIV AN T T 4 TB AL DGO A D, MEERAR 22 M, SN E, AR E I IS A
MOTZEA VL ADBERE DR 2l —2a ISUETH D, FEROKIMNY Y 7T 7 4 DEIR KD AT

72D, P Ralb —a LI RNEETHY, 5% L EETHRHUT 5,

WRIZVI T 57 4D AT, BTV 3ab— a0 DUV OMDOHILNEER AR (2> TET-,
NA 7% 0.85 LLEDHFERD T2l —2a N CTERTIUL 2B/, ZD72DI21E, FRZ, ML= YERD
i, v AZREECHM EIZ LD R0 8% B T RO TN Th D, Eiz, FEED KKa Iz D
ROV LD DNEINE LI — g THMI TEDLRETHD, BUEBHE P DONANARL T L -
INF—=Z TINEWODDERNAEL, ZENHIE, VN EONRIT7 4% Ial—a CREEICHHIZ L
DI THD,

VT 5T 4TV 72— al OFHIRD BN DB DL, JEWEFHIZ DT 58I E 7 a2
FAFTKRIU T, BIEIRD T A R VAN ZE @2 [EHEIZ TS 35628 ThD, ZOTDIZiE, LWt -1k
FHIET VT BRET, ZhvEfD, BURE%Z O = IRTTOL VANERO THIE, LER (Line Edge Roughness)
LWR (Line Width Roughness) 72 & DR EZ G A 72 7 BB AY 4 Ry O T T 5, BIBEOL P ANOiE )50
WROT=HET NEFE, MOV Y ARDE Y7250k D7D TR — W EIES IV CNDET VDI AT~ A
ADW SOOI, ININWF RV T L —Ta FElmynEThH D, XXV 7L —raid, AT —4, 2FD,
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CD JEIZHEXOLNITETFT D, Tz, WEBRZOBREFMMAMLETHDL, VAT LDOZT—X
CD-SEM 728 DRIELEE DFRZEDET MUIT L > T H R ETH S, LER X° LWR NEET/R>TET
WHDT IVTTT 432l —a T, T AAAREMR DO MHERE~D 2 (LER) R B DX ~D %8
(LWR) O RAEL D Z T REXTH D, L UARNDTT FARMETIE/2L, =y F L T % OREED T 7 XAH
HEROT, Ty F o722l —ar bOBERE DRI R ThHhD, LYAND 3D ZyP-T7 AT
WexoF L TH% DT —h, BTN RN T OTT7 R A R EDBURE R T H7- DIy T T D=
L—ar WEETHD, £z, LIRULIRAZEROV Y 757 4 TRRIGER TR FELL RN AT Ty D
RO TN~ Ty TF o i3 al—a b OB/ P EHE DSV Thh A,

Ral—rarEET IR ONDI VT T7 4 TREFE OO, FER RN ol —Ta -
V=T b, UL, KEFEDT 2L —a % A[EEICL, DFM (design for manufacturing) (O¥E K352
KIZIBZ DT, WANARYBLRTA—=ZRU AT IO IB N ZLWEDI 2L — a2 AR T 5%
DOTRTF UL BN, T, BEVOH LY AT U OB ELN R\~ A % @8 T THER T %
ZEERETHT-DIT, OPC LAAREIN Y CTF —H D a3 5720, TV F T DL AT IR TOI 2l —g
YIIEEESIVTUND, ZIHD YR 2l — i al R YR IERES R o TOVRIT UGS R 47N T
BULAT NP CEARBRE O EER CTEFETERIT LR, IBI2, 32— a L, &E. EFV
> WIS R R A AR T D70 OBIRIGY Y 7 57 4 il IR O FHIO M TR e S n2d it
AJSYANAN

V757 4 TREOBIEREL CANBIROET Vo ZITINA T, JIFET A 757 f B ORGFHIT
HETHD, BIEE, v A7 VoA ARERSNDERE DO FFRHA CRE CHOI LA RIS D7D,
AIREREOS BEERANEE THS, L AR O e, AT —Y 0% e, BtEEO N~y =
TR O BTV BIERICEE CThHD, AT —UNENET DM, v A7 LT TN B HRE AN
ETHERFL . BOREND PAHE AR DTZDIT, ~ AT ET T OIBHITHEORRFHT, 10, #i -8t T
VT DNRERI T D, BNIEEORFHTIL, BWIREO N, JIEEETT VN EE THD, FRC, KRV T
T 7 ALDWIREDINEE | TN DD EIGRCUNFE L 52 D BEDET V7 IZBWT, BHETHD, =EA D
RIMETERRZ e/ SRS DIRIAHEE S AT LORRFT D712, TR DIRIROFEINDET VHYVIE TH D,

AR =X, Rit, BTV L2l —Tar Lo

A B —a %7 M LAHBER SUTO D BRI OMEREIR, 5. MERCRLE R O S 721 Tlidfit
Hok72 < 7o T D, o T, MEHRIEE . U B, 885t ET7 V7« v alb—ra VOMAR
i, A H—axy NORF—1 v TGO IR 2 BEMENE L WD, BED DRRGHY — /T2 HE
\ZEE Y AT LOVERER IEREIC TRITE 720y, S BICET /UL, RLC T/<, EIZRCR—2H 5D, Bt
REORELIT, LIZUIE, BYTERRCITh T 5, I & RIS EA I 2 122du, 7 /31 2k
HE A Ao L, BERE Y 1 v 7 A X, R L~b, HEGERTREY A X 72 & ORLEFRROMIEZBYE L, it
IRRNIBR SN TEE, A v —axy bea—PEH, BLOEMChz->TEX 5 X 91k
DHEN B FEBHNZIER LUz b7evy, Bl ¥ —ax 7 FOEITROED Th 5,

1. RLC 7 /U, 10GHz & 5\ dZ Ll E(B0GHz TH HZEH TORHEITHR lem) D> AT L TRHEIC
25, ZOETIIVEENEZ, RERT I~V EM ) A L F—ax s hUAT ACHRETH D,

2. Cu OEPUIEMOEMLEIE~DFENL, EE/2ET LV TERE L2 U2 5720, 7 /03, Bl
Mg, BoRROMERE, MIBEOM S| SRR A X 2L C, R0, K, MOIX5 ST
HIREOBERNETH D,

3. BVASEMEDI B A h—r R0, ¥ I —EREROEENRK O SO EE SIL, #E7/eE
TN TEETDHZENLETHD,

4. CD #FRE., BMEmIoiXs 0%, BRI R EOT et RAEL & T, BRCE T A ADH
DMK L, ETETHHRODICRDTHA S, TDID, XD DX ITHWVEREE, 50Xk
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FVERIAREIRET Y 7 L= a Uiy, & _EHMIE BT D7 DICnETH D,

5. MERET 1 v 7 Z Bl CELE T 2 RS, 3 OTEREEIRIZIHW T, RO F v FIE00 The< | FHE
SNTT v A L THRETH D,

6. MO I v Z—CRHARDIBER % 5 A TR D i o AT b & faifb 3 28 LUWE T L ANBR%E
SNRTIUTZ2 B 7RV,

7. EROEMOETIX, &KL LTTF vy FORMEENEE, BRI VT 4 IARTF v TR R
v hAR Y M ESHORESE D, BMRERND LK ERMEL RF @, 3 %ot IC e
WEAND, BEZREE, LT, T AREFHTT /M ADGE LRMRIC, BuC kb, 8L
SIF5, B TRIET ARREE INDHTHA I,

TFV T eI alb—va i F—ax7 NOREICH L, & 5D 0EORMZ BT o8 L
DY —IThD, BRENDHENL IC DLAT D MO, (FHEE, EA, BIAMEEME & OBEXEHE,
BEFAEESC, Cu//N U 7 OFESCAMMINC & DA/ Cu BLSROEZNHR LA B LUWMESEE RN, BRI
RO Y B TE DR~ 52 TRIT 58 E e L-LRERIZ - T D,

INHOETIV T« U ab—ya ik, JRHREROVLESEE &2 TR D R0 b S 5720101
5y, IEMER TR AR L 2T U BV, ZAUHOMEMET, BrLuA & —ax s NI L, &
B35 L TCRLSBRENTZFEREZTHZDORODT I 2 L— g b, HlERE U= st L,
FR) T Z —#HN TP 2FEDOT I 21— a ANTETHR- TS,

%2 OO LR LT, BENDRILUDONRT A=, BIORAEMOT=dIZ, TET V7 -
VIalb—ya A OREMETIENL TV 5, Bl 2R, RBMRSBERORGHEERM B OE NI, Y, B,
BRANHAHRE DTV 72, BIFgIC, 8L T\h5,

ETV T I alb—vaang VA —aRy NPBRRIKNER L O, @B SIS E S TelERE
WTHD, Thbb, =yF 7, 7IRAKMTRY Y a (PVD)., b2 EHLICMP) 722 £ 25
TeB 32 TRE CTHLE SIEMEZe (Bl 20X 3 Wkon) HE&EOMRE T, T72bb, RMEICHTABRICA Y — K&
FEEED b L— R4 7 OFSBRIZRRIRN RS &) Z b £, BEERRICA O L 5 1ICHRE2BH T, |
e T ARG EAEOOT 5 Y — /L B BT OEGIEINC K 5 BRI OIS A5 E T DY — L,
BRSNS BRATEN U TR FFERMEIOWERR), ERPIERE L & HITHEEE b THIHDR
HDMEFET U V7 Th D, FHCEERLDOIL, Cu OV A RE(HEER, REfEk, =17 ha~vA 71—
v ar, CMPIZEBIT5 Cu DA Y Téh 5, Line edge roughness(LER), L U FIESOFIR, ©
TR, BRI L DIAVOBIRD X, A > X —ax 7 heZDvIalb—railéoTOHERLHBET
b5, X, A F—axs N EREFEEZSH,

T7IN—AT TV —ar D REE

ETVT 32l —arOFE T, 7S ABLERORKE | 73 A BN TRAET 29 mk
AaHo>TND, ZOYEL Ralb—rald, 777N — AT 7V —ar O a7 Uo7 —R
RN, oy AT a— o T W B S 2L — g BIIREL B D, FHUCH BT, e
Vo eiRab—vai, 777N —Ar T —ar aAbh ApEME, A — R OIS H 7 BRI 7=
DIZEBRATRETHY . BRRL 22T B720,

KR, BRI DG HTL WA, IC OaXNEHK T 272012, WERET V7 v 3ab—TarOf
K72 BENE, 777N — AT T —rar ORESO—D LI —EH L TWD, DFOEGHI Lo = N
A XD TN AT e A ORI & AIREIC LT, BT 7 i3 ab—auid, HEE, 7 at
AT NAR BEEDOT 2l —ay - — b FRAEET AN e A X e AN E AT 55, D
R AT OISR & BB ) 2 AT BT DY — L E BT A2 Lc k> T BEEAER T A2 LI EET
ZHLEBLRT IR BR, o, ZOZEFaANE NI D72 IR R Thd, SHIZ, R EDH
FIDELFREC, 777N — AT T — a2l o Th, AEPEIRBBICH DT A 2R [C [T h 5.2 5
DR R ELOXETE T DD YTV T 22— a OIFERITE THEETH D, ZDOZLIT,
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BEOAFEM A LS HZLITH RN S, T RAEL0X (FIZIEV VT T7 1) LRBRICEBE NS DO L
EFIXDOENT NAZRLIC OMRRIXL DX~ 5 B2 EB(L T 57201, P2 —aa2FfHT5
ZEMTED, o, ZOIHTL T, EEEAAMNTEHA T 5720 DO ELWEIE L TIZH T (TCAD for
DFM) \ &2, @A H EVZER T D720 O 7 m e 27 u—2 850 5.2 5286 IR TéH S (TCAD
for Yield), FrlZ, 777N —AL T 7L —a OFE CHIEREFRIN TE— DD FEBLA[RE/2 B 203, [~
A PEFEICE DR CREISIL QO ERGET 2B E T VA LV — VT =7 | ThdH, 22T, FFRZIY
TTT 4332 —arin, HEzbNiz~ A7 a v A TEESNIZD O RE— TR E TS D720
(JEHE A, F2IBI2, v AZEEHECE TN, Vo ECRERFE RAFLT2D DRI L (R0) Tt A%
i LT D72 OIIERAE D, WEET V7 ol —var b RER 7R —RMMX APC (Advanced
Process Control) & Forward/Backward D47 B CHLEELZND, ZZTliL, BID T BEART 7 THRAELT-Z AL
HOWIEH T HHEEDEMAL T F L AL T B AFEDOM T, Im O ORAET L7 A 7 MNEHIIET
BHIBIMNT B ART v 7 B RIE T DD 7 7 e AT VIS EEL S NS, ZOLHREMRIZB VLT
X WERET VT e oRal—ar ~OftL e A BNREIHIL, TR TELET /L (FRIX =Rt T) 2555
HZ LTI BRI AERET AL W TUT NVZA LMZFERESIL, A TF a—HDWNIA T4 TDEE
& APC Y7y =7 ENHEN LT, 2T NIpa B a— Y — LT D,

TRy TVER I —T DR
TR TV =D TNSET N2l —a DAy "ERIL, DX D281 54k
R FHND2D, T72bh, Fo 7l /r—U M THY, B, X0, 207 =2l —rabate, £
NI, BROENSETONTZETT YT 232l — g ~DEREBHICEEL T, S5, KEE
EEBEIRDT=OIZ, KL~V DA S A BNV & BB % i/ NRIZ T A7, F o7 e
o=V HEILUCEREHT 20 ER—fE, L T 5, RE/ Iy 7 AN T T IVET IVINKLEETHY | EHE R
SoC & SiP /37— DY alb—a AR REICT 2012, BTV T — LV EYLBET DU BN D5,

TR TVEN =D THANE, XTI A N — AR N — VTR ORI 31T DR
W ZRIFFIZ IS AT, BRSO BTV, Bl 58S, 207, B2z N —19°5
TR T VT =V 2SO DOBRS L b &R — 572 DI TN B TH D,

VDT EEROIX, ZNHOZNEIHITOBN 2 IZBOED Z e AT, EIZ, F-, R Iz —va
VENRTIURRD N ETHD, BT VT 22— a I E ENG T a R A ERC IR Beﬁﬂ“é%

KRIFBEAROFENLZET DIZH DITRORCUT O, L7221 BIMMELR X, T 7 Lo r— U O IR R
%jw Ve DREHES &T%Ek%f@*ﬁxﬁéﬁﬁﬂ%éﬁfﬂﬁéz FMETHD, m\ T ay I E e m%ﬁéﬁm#&

TEMTEALHNT, ZHUTAEYE CPU OZhEHED B BRI/ Ial— L a BEIRNEES NG, F. I
ﬁaEJ FEIE & DV JE B BEIRIC 3B 1T DR MR ARTHIREAN L, FHRZENEG TN AT 2 al—ay
Y )V ERRRIC B L S FLTUND, ZER DAL, MIEERER Z 31 2007 T, i COMRIEFA O O
HET V| IRBN AR E R A 5 T o — COBWER OT2O O~ afiEe 7 v, ZbaEH T A4 F
TEHIVTETZB BT T UL, FEEEOM BT — 2 ESH 7210 U7 b, &R,/ R ~— R~
— /R ~—OM B ESC, 7 et ABRCEEMHEE DT-0O D intermetallics 13458 TEETHA), JHIE
ELT=TF o7 low-k CHLODFT LY MAERCHEIE T 7 D L7258 L R r— D Z A 7D 3R ST RIS 2 8
ENRT UL B0, BT L1, adhesive/undercell 71 —d50 Mt BGA FHLFLORIE TS T 27 VT
A EETOIVENGS, [FEEEZTRT 5332 —ar FiEE, SRR IET A7 DI UETh A,
IR =D T DI, R E TR ADMIMEL, S0 Ny T RERRICRTL T, BESeTuE
IRBIRN, E -, BUE, RS, 2 A 20D DT, N —0 7 DY Ial— a3 LT K0 E
WL a2l — T al BN THD,

BR o —2 D SiP HIZH DI DREEN R 1O B T At G DT L Ry r— 7 —F
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TIF I THHEL TR, £ %, BTV 72— g DB > TWA, 5542878 SiP OB, 1
W, BRI A S S 2l — g T ARE L TlX, ZFO0RE L. AR EHEMED B R A=+ 2L
LT,

T TV R = T DTV LR al— 2 NI BT, AFAREEE S D Tl LA
EbED, HDNL, ZNHDRES DB ILIRED T &2 [T ETHHE RIS TW5, LRI,
IR TOT Fa—F RSN A ZE N E LY,

BRE- T2 fEEOREE

ETVT v ab—varbEle, BSH MBSO SN EREND, ol —Tald, axbERTH
(21X BSH I[ZB8iE 3 2)EIRA iR TEHDIZ, 7 AR Heii LIS B2y =~ B OB~ D>
2l —Iar OEE SIS TR, B2, Y 3ab—I a3 E -, v RICHERE T AR AT A H
IZE-> T HDOE, CMP IZEVEE B ELFICE ST HDWIE, T30 AL IC OPERELEHENMED K
fiE% B LT DONIAR LN B2 oy ~D P TARICE > T, BUED MO EE L F W E 2 5 L& IROH
I E LT T 0700, F Ui, e T A0s 3ol —ar — AN HENA 21T Tl
fhDFETHERENZIC, BIRHEITS 2L — a1 T 58N B EEE L CGEASNART TR B
U,

ESH RHEHOFELIZHTL ., T E N0 7 a2 BT 5 EAD(LA e L FTREZR (RO FRAR L 721 40
127259, FUWIE AN A LB R B P Tl ESH (TRTL Theh BB NSV 2 T LTI
FHUEZRBA, [FIERIC . ZRSOMIE T EOA TS SOGIZEET2 85 E, Zhbn 7 a2 26 LT
AIRBZeE T VAR T 2D 72 D ERIEH ThD, ZHUCELTE, ET V7 a2l —aOFET
Wb, ZLOFEERAIERITX, ESH &, ET V7 al—ar O THATLENTES, Ll
IRMD, 2 DDA DO EHED BFEIT 25, ESH CIX GO T4 LM EHEE O E THHDIZRL,
TV alb—a Tk, HEORI PO —E TR RERIL 0D, EDHZ, HEE Il —Tar -
TarTh VDI T IR~ TRICKT 5D EH70E T VO FEIEILE - fElR72FEORBANTK T 5 E &
7oT — AL HEA~OAREM A ESH [T, 2k, TREEDOOMEH DT NOLOFDREA %
B/ NRIZT D7 B AGMERIEE RO R LD EITE S TTED, E6IT, 2l —ia i3, LU
(AT DIIIDRNET — 2% (Toe 21X TAMR ED)E BT — XA DRI 5T 5,
FHAlE DRIy N BITTIEEW, ZOIHIZ, BSH &, T V7 Evalb—vaid, AVWEISXKETS
AREMEZFF> TS,

EFYL S S Ral— Ty LR L OBhE

PR RO B F A BT B 2\ DIl ORI IELSMNS BRI ED 1 EEEF Y7 s al—var
DOBFE2 D, o, TFVL T L 3al— AT IC EOKK 52 DB 5T B AR MR
T, HIDRT UL, BE i BRI (LB~ %0 KA 7 57 4 TRREZ DR DT F )
TR TSNS E/ L SN D S, ORI OND V7 T7 (2 3al —a Y Lz 1t
H AR CTE | RGO RESHBE DRLEDY A RIAe DL | T2 ZIENBESID R EBARA D725 5> TLED
72 L DI KD FE T IC 2L TUED = LI/ 5 SR U Th VB LS DT 29, .
PG = ) TR B RBGD FIRATR B ITHL TRl — S 2L IR TN Sl L AL T
WTEDIT, TRzl —ar s = UREBIZBRESIUT D, VY7 FT7 AU T S A AR IC ORGETHET
ORI IEMSATE T UL, Z OB BT =5 U MET BI DIk A REFVL Y -3l — s DY
AL BTSRRI S5, DL, EFVL S 30l —Taid, Z<OBAIC, EDLD
TR REEAD KGNS, TIROE DI B LR e KT 970, Fo, TOLAIZENBWDOFA DK
W BRI 722700, LT R KL TR RO R ZAR BT Db DO Th->THRLLY,
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H)— OO EELMEIT, 1ZEAE R 7 T EAPLE N T SAAR IC OHEREIZ KT T T 5
Il TH D, BUET AL DELDINTA—=H 2L 21T T =— VR IRE DA OB, EITdR EHEDHD
PR b2 813, £ DHUAEDJE D Z D FFRFII T oML T VD, iR 7 2 ZHIfH(APC : Advanced
Process Control) CIXZEEZE=F LT flZ T 4 — R\ 7o TL B CHRIESIVIRBIC I E L R4 55T
ZHLTES XD EEZNH T2, HIEICAEY T T L O RER L, AL TRZF LRI &, 72
B53 20128 AR #H L Va BROT — 2SN TND, Tt RTINS AL 2L — 2 &% Ol
ZILEVREE R APC B7 VA EHIM TR T 202 R TED, TrEA( T 7L —a OBRET, v
T =l arSPIETRE R T AL AL 2= H AL T e AOBELWIET A OIS BT
HMIATED APC BT NZBIET HIEN KD,

Tt RAELOEZORMBICEE L. — R EHOFIEL, TR T AA AL 2 —var w2 o T EILT
BLESRIFDOIXESERT T BART v ICBITAEMIES DX (B 21X, LER R0fthdd CD D2 b7e &) A i)
ORI THIERIINDHEERBE TRRIZKIT 5/ 37 A—F DRSOV E G R T H L ThHhD, 2O FEE
fifi>C, MR BT — 2 2155 RN CHE R HHY72 SPICE &7 /L AREEET 22 LS sk, B Bl 5o il
FArio st U CORR D B b O MREEIC B Bk T2, A ED A EO7-OITib EER 5L LT, 2005 F2T
TIZLER IS TEY, TOEEIHONTH T aE R 2 —al (BT, VYT T 132l —ia))
Lo THFRITEHMISH TS, IS, et IH o LKl UITUIEEHEC BhEL TVVD,

FIZIE, O TFETWIHRL TLEIGADIDNCHE T IC ISR TRER R R b2 K IE T XD 72 e
DOEERE DEETH, 2D LT Dl ET D THA), ZOII7RGAEITIE, FERRITHRHRANZI
AL TNBINT AR DKM TY ., S22V T T7 4 D RIREDHIRD I 72 AT~ T 4o 7 7ok IC &
STHIEFREZIEN TWDB L THH LD, P32l — a3l ORISR RAmLERLT 52 LN
HZENHIRDTHAD,

AN, SR EY LIS IR T HT20104E, 57— IR OIS DY 3l —say - —
VERBICERT HIENET VLS 3 al — S ATHRENS, 2L, ZORRERTLH, €7
L Ral— s a TR BRI R Bk T B,

EFY S L ab—aL LEFAIE O R

FHEETVT 2R a2l — 2 IR A CIROFE D ENH D, FERE 1721 Tl et X, #ilig
FREICRTOWEEE T L OBRE CTHL R D FANIT, ARSI REIE DL AR, R — XU oA, R,
JSTI53AG, X UT DR XX VT DTATEA LB E/ 2 8% | @22 3 i BE L JRE CHIE CEHHI
RTEORHTTEENEE . BT NV OBIRORHMiE ATREE T 572D IS B IR A D5 & FIFIcd D, AR
72 3R IR EIE L DN T 7 IR F O DIE SN LT E ST, ZLDOYEE TR B DT
DITVELI T AMEREIZ KT TTIHAR< | FEFRORE TR L Tl H CE S TIRBRN, SBT3
T, BERENDWESRE T IV OREEIXE %~ DR — R NEF-O~HEIGESE, 2k FlRD-S25H5,
ZOIIRBEAITRERE ROMIRITEED LAY, P32l —Tar b U CUIRsS R R S<RIARY 7
ET DD AR IRI T bbb,

FBTVT 2 al— 2 ar Hi DT~ O ERF T, O FHIEIRO B RHEEIF 5375,
UL Ralb— a3 EROFE 2T Cldie, FHIEDN B RO B ICH T R&E72L . Bk TRE ThH D,
PIERCHOI B O NE CTAULF LW BN B 5 F T, FHICTIRT- 7 — 2 OIS T — 2 % E &Y
TR ERICEIRR U720, BRER7iREOHETE | SBIIIH AX MELUTZRIE FEO IR EZ T DR, FEFITRE
IRAMED DD, —HRHNZ, FHABAN I E CEAZEERONDZ L DR TDIZET VT %E) |12 D)
B AR IR R C& T2, ZLUC, R TR O QOB BT L 7= Tk~ T D, FHlIEL T2
BB, FlZIE, V32— aNI T ARG A—Z OB AP A X DPEE % JIEROIESHRE O
FABICRIATE 2HOLTHIER B2 ELRIR T2 FT E705, MIESNAEEROZEL, PIEDEEETT
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BRI BT HHEFIEOEED RESEERILL TFEW, o o0 FlE LT, 32— arzF]
LTz~ A7 3, scatterometry, =L C APC IZEHUEATEFIH T 26103825, LIXUIR, BT 7 SA RILH
TERME LT D701, EREOBES ML 2R DIRECEBIE CHIEDOMIZAN AZHNT 5, 72, Ah
ZIIVAN AL ENZIIRF T AMEIEDMEDNA DN ESNAD BN BT 5, ZDOIH72GEITEH, JIE
H 5 TL VLT BSOS LDGHHRITHE T 57012 BT TV 7 — LB LS D, fEk
ITFRA T = X IO TR 72 5058k S #8072 22— al DY 7R — A & DNHE b B2l i oD 8
HDIZL TV,

ETVATHEOT N—T1L, BT NI E LT —HE 5T 228 B2 I E BT OB 0Z D
AL MU, TIXUIRERERIRT 2, 72E2 X, 7 — by F o 7 TROFERO =y F L 71N ARG
T A2 E DFA BT 7 0B ADFEFANENNT DI o, TR CTOERD I OEEH CELFIENMELS
LTS, MEHER DD O FUHH o T AR OWE L, K3 DG EIIIRINOWE THo720, FEE D%
B LR CIIA T DHED TER Y, I ERIRBREE A~ DY AR LI DM E & RE 3 280 LT ELT:
HIR B R BRI KD AT MV A B (computational spectra generation)?3&h 5, YV FFA DIEHEAT LT
FEAACTFEEZITHBAORSICRODLIENH KD, 72L& 2 1F . FTIR(Fourier-Transform Infrared
Spectroscopy) AT NIV T =7 LD Ty F 7 TRETELILS RuOx 27V NV [RIET D2 RS T
Wo, ZLCEEICRY~— LU E R Oy T 7 T AR FETT AP ERS R WHEZRGET 5
T O DFEIRIHS I, WD ES FEER CTIREAST MV ALY 2N a5 2 LITNEECTH 5,

EBIZ, R T REZL I E FHA(Z L AT 2R TR T WE O FHAEA 2 O T =L — a0 T L
RV =N BRET H2F N ZL<DBAITARETHD, €L THIE BN CEERZ S M#EMH 2 B2 T(7LZ
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