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Table 122 Modeling and Simulation Difficult Challenges

Difficult Challenges > 32 nm

Summary of Issues

High-frequency device and circuit modeling

for 5-100 GHz applications

Efficient extraction and simulation of full-chip interconnect delay and power consumption

Accurate and yet efficient 3D interconnect models, especially for transmission lines and S-parameters

Extension of physical device models to III/V materials

High-frequency circuit models including non-quasi-static effects, substrate noise, 1/f noise and parasitic coupling
Parameter extraction assisted by numerical electrical simulation instead of RF measurement

Scalable active and passive component models for compact circuit simulation

Co-design between interconnects and packaging

Front-end process modeling for nanometer

structures

Diffusion/activation/damage/stress models and parameters including SPER and low thermal budget processes in

Si-based substrate, that is, Si, SiGe:C, Ge, SOI, epilayers, and ultra-thin body devices
Modeling of epitaxially grown layers: Shape, morphology, stress
Characterization tools/methodologies for ultra shallow geometries/junctions and low dopant level
Modeling hierarchy from atomistic to continuum for dopants and defects in bulk and at interfaces

Front-end processing impact on reliability

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

devices

Fundamental physical data (e.g., rate constants, cross sections, surface chemistry for ULK, photoresists and high-x
metal gate); reaction mechanisms, and simplified but physical models for complex chemistry and plasma

reaction
Linked equipment/feature scale models (including high-i metal gate integration, damage prediction)
CMP, etch, electrochemical polishing (ECP) (full wafer and chip level, pattern dependent effects)
MOCVD, PECVD, ALD, electroplating and electroless deposition modeling

Multi-generation equipment/wafer models

Lithography simulation including NGL

Optical simulation of resolution enhancement techniques including mask optimization (OPC, PSM)

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

mechanical stability
Methods to easily calibrate resist model kinetic and transport parameters
Models that bridge requirements of OPC (speed) and process development (predictive)

Experimental verification and simulation of ultra-high NA vector models, including polarization eftects 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)
Multi-generation lithography system models
Simulation of defect influences/defect printing

Modeling lifetime effects of equipment and masks
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Table 122

Modeling and Simulation Difficult Challenges (continued)

Difficult Challenges < 32 nm

Summary of Issues

Ultimate nanoscale CMOS simulation

capability

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

General, accurate and computationally efficient quantum based simulators

Models and analysis to enable design and evaluation of devices and architectures beyond traditional planar CMOS
Gate stack models for ultra-thin dielectrics

Models for device impact of statistical fluctuations in structures and dopant distribution

Material models for stress engineering.

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
in-chip package layout and power management, and the impact of processing on these properties especially for

interfaces and films under 1 micron dimension

Model reliability of packages and interconnects (e.g., stress voiding, electromigration, piezoelectric effects; textures,

fracture, adhesion)

Models for electron transport in ultra fine patterned conductors.

Modeling of chemical, thermomechanical,

and electrical properties of new materials

Computational materials science tools to describe materials properties, process options, and operating behavior for
new materials applied in devices and interconnects, including especially for the following: 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 leakage
currents including band structure, tunneling from process/materials and structure conditions. Models for air gap
and novel integrations in 3D interconnects including data for ultrathin material properties. Linkage with first
principle computation and reduced model (classical MD or thermodynamic computation). Accumulation of
databases for semiempirical computation. Models for new ULK materials that are also able to predict process

impact on their inherent properties.

Prediction of dispersion of circuit parameters

Computer-efficient inclusion of influences of statistics (including correlations) before process freeze,

quantum/ballistic transport, etc., into compact modeling

Efficient extraction of circuit-level variations from process and device simulation

Nano-scale modeling

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

(including doping), quantum dots, molecular electronics)

Device modeling tools for analysis of nanoscale device operation (quantum transport, resonant tunneling,

spintronics, contact effects)

Optoelectronics modeling

Materials and process models for optoelectronic elements (transmitters and receivers). Coupling between electrical

and optical systems, optical interconnect models, semiconductor laser modeling.

Physical design tools for integrated electrical/optical systems
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T T RADIIIRNI T T T 4 DOEBOTT VT LN BRI TR BIEL TBY, VX DEM HREKIZ
WL,

BEF DT 7 a0 — |2 ESWREE - A7 o A7 a— 3 e RO T X T F v — ) — R A EXT AT
DT, A N—RET V7 HINEEA LT U2 B720,

Efer2 7 at 2E T L OIRIE B AR ORI O ATTR, FIEORN — S h L &5 — L
XL C, JIE FIEB IO FIEZ UGB T A ENARE NI D,

B 7 0 AT /VOWREIZIL, PIEFEB L ORI FIEZUGET D22 ENVHATH D, FrZ, WA
DORGHEREE I, R— XU NI 5200 Y — LB TH D, Fim. ZOXI7RH LV E RIS L.
WEB L OEROHEH R ELED LI THD,

UITI74TIT
)/7 774@%7)/7 Ral— A NIERENAZEIIIRD 5 DD END, BIERTET
7 ERRIEELIT L AN ET VS BT IV AT A /EJJ/?F_E:ET)/ﬁ DiFEAR. ThHD, LA, Z

bl ;Ob\fa%aﬁﬁéo

o BIERETVVY — HBT e AHIMNOBEEZ L I2L — L a CIART DI, KV IEHE, FKHk, 2
ONRIVAMGTERE T VDB T D, BEFOBIZATET VY 7y =7 1%, s NA, FrZIRiRD Y 7
T4 TCHEULRNDFEL EL AL HZENTELNEID, BLFHiS i iU bian, Lot
ATEBTERLTE T T, RO B C ORI D ZE2 MRV, L XDEIEST, Lo AR D 2e
AL, RN E DR 2 DRSO E ENRT T2, Z LT VY7 T7 0 FfEERN
HOREHSIZEDTL T OFBEEWOIZLEDTED, ;Diﬁhfiyilv_‘/a‘/ﬁ?fwz HTdhD,

o ERIKHVBGELMNT — BRKHIRGELANTIX, BF7E0 LB E /2D THAH, Mifly 7R~ A7 TOHRL
Bl LY ARD F O 2 — IR LD WL e 70 7R M%ODE&WXZ‘/W)' HLL72 % 2 DORITHD,
FDTD (Finite Difference Time Domain)i%, B 1%, RCWA (Rigorous Coupled Wave Analysis) i, FEM
(Finite Element Method) 728 D 872 >7-€ T )V OREINL, FEEE, MBE /AT | FHRRFRIO Dk L<EF
S ALZRT IR B0, K FRIBRHGE BT DDLF 7V ORI, Badi{b=o, ~ A2 K HO
DWGELOFRATOT=DIZ, JOERERET VDRI THD,

o LUVARNETIULY — TR, M OEREMRLUANET VTN ARIREL TIV I T T 422l —a
Y DIRNVRYT EI2 DTNy WA= EHL, TA2 + Ty« TT XA R COMBENEREZZ AT
SEHAIERIL D ARD EREIRET AR MEETHY , 3D LU ANGRA IEEC TRITTEARTF U250, WA
WARREEEE DL ANNHIRBR A~ DR E DOWRIR T RIRH LT T IV OPEEDRN M Ch D,
PG R 2B N S D 1R E DAL L T2 L P AN T L O TARL BT T L O THL O g T
b EEND, VT TT7 ey T 7 OWEII DD ETENRL VANDET VPN EET /2> TETD
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By VUANRE — e T TS )R B O W DRHI L 22 T AU By, AR~ — DR E
SOFEOBEENMELHL TWDD T, 2t a—2 0 FET VIV VAMFFRED LB FEL T
Do

o MAETNVATL — HmMIHEEORILEE COVY 7 T7 4 OfEGTIL, IR, ~ A7 BESR,
LUANRE DV 7 T7 4 2D DR AR DM AE A TLD, NI/ T A—ZRIEFIZ 720,
Flo, BRI RET —HOIBERAIT R 5720 | [ETLFORIUTII CHIES N D 4 % DO AT OTEHHE
DI=DIZA Y 2— R LD LT AT DA RO HID, FRZ, SEFHIBIRER EHINIC BT D~ A &)
JRSTA—Z D bE ., VAN IO EGEILIZE D LR E 52 DI O BN U E b, Fiz,
HATET NV AT WE~ AT DDA ECORE CORER72 KGR GO IR M ESND, S
bl ZHBELHTRDOW-ZIDOOANIZLY, Fal bR KV REE /20 | TEDDDHH DI/ D D%
Do

o HELEFVLZOMES — TR T aERL 2L —3ar DDl 7 LEHIEY — /L ED LY
BB OOEIROOND, HEY —/VOFERE Y2 2 — 2 ar O/RT AR WS D 5 1%
BARE L2 UL 72 B72 0, LU RDINGET —Z EHIRO TR E N — RN 72> T2 DT HREL XD
FERTARICED G LOBID, BRERIIRELDY 2L — a2 fiH720 T _RTO~ AT O =k
TEHITARE I ST A= BN LR MBLIL SN TS, LY AT A—Z  HHZ 193nm LN EUV DL R
~XT A2 OTE D FEBRIEF A Z B R HHNIH B LT HUERB2\0, V7T 7 4 TROYV Il
—ar OO RIS N-TEL, WEY — VORI HEX D, Y AZIRE, BEREDOEDOT I A
MEBDET V7 WERIE, @O HET —ZINbDL P ANET L3 A =2 O 8 B2 UTHH
195,

WO FEBRIC L~ T, SRRV Y 7T 7 4554k, 2D, 3D DEFFRFZ IR, KES, B FITH LT, v 32
— AT VOE LD D HIVRT U D720, bR ET VT FIEE RO AT,
T IVOKEFE DT D ISFIFA Z o725 T~ — I BRI D, BUERIREEE DHEARE Y 2L —a BIRD
AWENSIL, FEERIZ, HOVFEONDOFEET, FIELSEFESIL TR, T T L —a U EOREETE
BIEATIZ I, AHENSETFRL R al — Y ar f R Z e N T D,

OPC, PSM R ASIRIAZ L DA EEHAN S SN0 T, 7 RABRZE, A bd7=sH DY
VI TT A Ral = ar OEEVEEBIEINT 5 Th A, ToitBish i EZRE TRV 757 1232l
—ar EOMBEDEITLY, TR APROAANHI T DT LN TEHIEAD,

ROPFHARDEAT DL 2 —a OEERFEHEIL, 270V T77 ORI (72 21X, BUV %}
193nm {RIRVY 757 4) DR —RA 7 %5752 THDH, RV Y 7T 7 407912, EUV
(Extreme Ultra Violet) V777 ¢ BH{E THR V7T 7 4, ~ ATV AV 757 4(ML2), F/ 7V MEfTIC
ST AEBEDTEAI Ial—ar -V — BB THD,

TrAMAETI T

—RICT NARET VT LIWE R OX XV T iiEEZ R TET ARLFELR T, T7 /U, ATVl
e R AR FE B2 R U 7 MEBO D | AV~ o & B b L7z iR DF — A MR =/ L F —
TUADIANT, IOEHECHER N0 DL DO ETHD, W ET T, BEBIOERINDEE DL
YUK T 57280, 22— RRINTHZLT70D, SHIZ, 4 HOT SAAOEHEBIZ LD, Ry~
FREAZMRNFSEL TN -a— R BT IIREEBR LI 2T 42 T —DRENR B> T
UND, ITAEDEE AT CHEL SO R EIEAR TH )b 58 B2 el T HHRERA R PEZE D BSRITE 2 DI,
T A ADRFER L O LD 7= O KGR BRI THD, T SAAET VT NIA =V 7 ORFSE
SLFEI O F#EA L DT OIFEHEIND, LTZN> T, A4 HOT /SAAMEREZ IEMEIZFELL  FFRO RS % [EffE
WZT T DTN METH S, UL N dd BERREDOIVANTH D,
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F—he RSBy — S NEEREPIEFICELIR T2 DT S — DR RV 7 ERRITA H O BEERRE
HE ThHD, 7 —b AZ 7 RAR(F ¥ /0 - 35BN - AR O FE e & 7 i e 7 Vo 7%, BR 18
DRSO LIECIE EAVEDIRD IR N E R DT T DI TH D, LU, FEET O/~ R 7L
FEATHAIS | BB TR A 7 S T ih IR D A7, High-k B2 A 3 2 R mEN RO v 7 A B e~
EThD, LD Highk TEOPRBROFAMNA IR T 272012, AR B OTT V7ot ~& T
&%, Fermi-level pinning R°HEFR KIAIZL DT TV MV ROZEEIREAT UL 205 LEV MBI LU SRR,
F ¥ RNV OBENEEMEIIE )T RETHD,

JSHETE — BB EIOERE T 2 e AOBYBIEIL, T/ A ARFHEA RO DI 8o TEIZG 10 EE B
ST, BEALNLETOT ¥RV HOETZ EMIC TR D203 AEED AR AHITHONTT L
TP ANV ED EReFHN LI CTHD, ETOET MINRIESE(C SR, FER07RIEEE | AoV
BYDNREZOHRETHD, BEE~DOREP RO EEThHD, TIUT, AN AEAFOEIFMEL 2T Tl
<\ ARNE EROEF ROFEFRFIC bR T 2R Mo = Hia G e,

IUBINEGT — T A ADOHEDHE NI, RO T A ADIEGUT ¥ /L, SD, 227K
L A MO R 5138 2 BIRBERMSONT L AT 72 2 Pl A 32— a BV TCE
PR RI-TCThA A, avZ 7 e —MEFU(E R — 7 OIEMALE BB ) O BT T V71, 1B
12T NARFHEDORBUMIETHD,

3RILDET VY — BLIEMZL A AT ETARIET 7 SA AR ORE & 7222107205 8] OFE OV &30 |
ZIUZEY, OO 3 WITET VT ISNENLIR D, 7 —NiRDT 7 FART —MEIRIFD L7250
RITT SARADOH IR KR E IR 5.2 D128, T A ADHE L OIS ESNA VBN DD, T
13, 3 ot 2l —a TR AR AR ESNATZDIZREIZT DD TR, HE DX AT TEERIZH
ECHHIEHIERL TS, LIZD 5T, 3 IRITDY— /L8 2 IRTCE[RIERO MV G R IR A Bk o7
B, TREADTI2 L —HRL 2L — X EBIEHFE N DN TNDT NARATT A H | Ay aDT VTYR A,
BEOMTHIFHEZ B R L2 T AU e B720,

R NTIX — Mkt ~HEDOHE NIt DL Bip -7 T A B & 2L C)D, (RIS
W2, FEASND A OXHE I 7237 08| R O BAR C&/nEE KEL T, T3
IV RE IR BB 5.2 5Tl 5D IO IRT Y RITT S ZRTA—=E D45 % JET 5128 Feifb
R BEFEAIZ AT CTOMFHIBWTEE T D2MER DD, [flx DT SAAX, 785 K7ebIX 3 RITDT A A
IR R A B O T NSAABI AT T I iEL > TELN D) CREIN 2T RS0, 2oz s
I 3 Rty a2l — X DONEEM A R QD IEME kS A V-l 72 25X SRAM /A X
~— e E O E B MREFM DT O I TN TH D,

RF — NAR—=FZRHE LT T IVEIZRIL, 063D CMOS A7 —V 7 DT )V EFRIFLEH DU NTLD V5
IZH LT BILTW D, 6o TC, RF, 7 a2 iR# 0 CMOS, BiCMOS, /AR —J D[RR G O 4%
DI=DIZ, FEZ/IMEFRHT(AC) I L OKAE B DIRDER GEPE) DEAE 2 B E iR LT 2R3 H D,
TS APERED AT, FEEH R OEMR, RF JE 20 )05 FH OB, M/ MELT=T A 2D Tl
D BT — X DREBED -0, ZIRAV72Y — LB EEE SN TS, RE RIS EFE A LT T A ALl
—alrFIIV I AR IR a b — a3 EE LB G 3 LIVRODS, BRI T VA X LD AEL
2725 THAH), B2l —2al b T N AL a2l — 2 ar B AT X2, ll 2 DT A ADHEA
LW HNATOMEEINS DT N—RT =T EVTRNT =27 DO ZARDBIVEN /25, FEHENSET M, £l
DEAA, ZAV IR =k bRV T | AN A RO L H7: DC TRHEESNAETOET ANEFEIND
RETHA), WEHES D@EFER72ET V71201, sub-kHz 735072 T 100GHz D#i[HD B EE /24N
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HMEG IR 3 D720 AUTTR D720 N, FiR72 051k Tk 7 AR U SO SR ME S TR R R R TS 721 £
HHES O BAER OZNRAVRE T VMRS T UTT2 D700, B&IZ, 7/ A ALEEO B CFEEALH
BHURATF O BRI T A= B JET DN DD,

CMOS 27—V — FDOT A ZREESLTERGRD CMOS 27—V 7121, JVIEH/ R T A AET Y
T REN 2D, BT /DT Y NV ERVIa lE, B TR EE eI SURT 1 7 iikET VA
b7 nE | EREICERBLTAZENTERN, KOO TIENTERSIVTEIN, IR RUI KR D Eis
FRRRAEDSRIT TN T, ZUCRRICRHRICREI D ) 03D, TV ok al T o i — AL 7ar v
T MR Bl FIEDR RS TND, o bt RENTZ LT, Wigner #iiik 72, Kadanoff-Baym 7
FEE, RILORL 72 B4 B 772 Liouville FREAMET-DI27 Y — 2 BA%ET= 1% Wigner BE%A #5577
1 Cd%, MLDA(Modified Local Density Approximation)<> Density Gradient Model D X572, &1 2hHi2LD
FrUT7 OACIAD LB HRAIEDT- D O HRET M LTZ, FJEORVVBENEET VR EET
%, TET IR H AN AT ¥ RV D T[], T2 > CODRRIESNIZT S A, HTRO 7 — O FEERE
EEAHC, TNHOFEEITEE 0D, X T 5 FRiBk a2,

T /SAA — I, % 72 CMOS AHLOFHTUNT A AEE IR REIN CD, FT v VR ez
DA LRI EE L CIEEA R 4528 Th D, ZD-0, 588228% | Wk SOl ~/LF 4 —h FET,
B RO Z 7 VA7 — o7 — N CEIREEPFES I VD, ZIDDOREEIZIT Tk 7= 19708
AT AT ET )V ERBTRETET VN ALEDOT ¥ 1V RO OFERR B ENEE T L ERIBRIAR A K TH D,
ESITFES I CNDT AL ADEHSE L TIE, /o 7L —F R0 S/DHY EiF R, 78 Si < SiGe & V=7
AADNGEEND, ZDTZOITIFE, AR AB L UEL RO IEfE CrfErR KRB VBRI 725, RICZEDHT
B —MEBEEIY TIEs, BE, MICT2B% 2235, HOREEL SOI vo— RIS
TR CRICEEE L2 D, O ATVEANL, BEVER, BRI, MBS B2 D720 Zhbit, A
U S BB L OESR B RGO TV VIS TH D, tMDFE DA 7 v a (MFHE{LA
ENTE T ULVAIZE DY 2 — VENSER T AN DT VBT L2 D,

ZOM — ERERBLOFY MYV TIHEANROET VTN IFGE O+ TR U, 7232
L—Z O IZEY Ry b VT OAERRSCF B 2 ISR T D2 LN TET, L LG, i BN s
{EDT=DIHEHME LT T A AT, BN T T BEOT o7 DA =X L B OBl T, &
DI BB N METHD, IHIT, REFEMEATY D SONOS(Silicon-Oxide-Nitride-Oxide-Silicon)| Z % L Tl
EBEROBRNT T LT v T T R OIETT VDO ELERKERUBNNETHD, EROBEWFEHIbE
{EHENEDRNTIXFRR DT T AT T 5, EFARIEB L ONEIEIREE, HD\ T ESD OfFHEMEOFHNL, £
TR DRRFHI I W CEE Lo TE T, RN 5, R NRERIE T L LOMEZ 7o, (KTH
BESIDT ISARZONWTUL, NSRBI ENT Y T TV ANIE DA — VBTN T 0t AT L RO E DR 5k
DTND, LIZD 5T, ENHDNTA=FTET TRLBHFOET V& RIET IR HD, BFELDTZ0H D%
FHOEIZEBAATIZIE, T A AEE DO LA, &7 — MR/ ERBILI-bOE BT 200 S
0., TN ERIEHEHIER T DU ERSH D, KERT SARFERD L2 L — 2 a RO B LI THH,
T =T T BHDNINTFT AR, REBRAL X —ART N AT AL T, BFIIEZLDONT PR
IV AICHERS IV CUNNVD, T /S AT A= Z DI A EETR R DB FR B B DA%
QE&EIT, EF<EMEIN T ET MELEIN TR, KIFGEOIEDIR NIERSNDHY, #E3KD TCAD 1
VAT LRROBEBULIZ NI R 7 Uy R DT DITfEZ 72\,

A2 —axX7t(INTERCONNECTS) (4B B3R +(INTEGRATED PASSIVES)E7 V7
AL B =X NIRRTy ZJEEED 1.5 FT L2 2 [EOFEIG THODL—7 OIERIOASEZER LT,
2 HEIREEE L TVD, ZOZEIE, A2 —a Rk NEKFHES MO m 5 IZBIFR L TERY, BRI,
FERRA . BVICRE A S B2 Ral —3al BB L LTV, [BEMECBIL T, =L Zha~Ar L —ar
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AN AL DRARRLLEEIAE NI BE/RN I A TH D, BREFELEEME T, 72 20F, Cu ki
RN =T 272 low- k MV G Te, 7 A5 MPEREARICBEE | T BESIND, 7 /A AR B TR,
REHIBEE IKIEL TR DD, ZOMIZ, SHES /B O/ 3T e L3I 7 oA TrE, 3EEH#EE
MET D ENEERMEAFER LT T OIS, 7ar b RETEFRICIOIC, 7 aeAOREREZDT
2l —al fERIZES W ETO | M ToOET I 7L Ao ¥ —ax s MERESCEEEDOET V7L
3, HZHEREI TG,

R TAR AR L, —EHOWBER 2RI L Db D ThD, P, KES, /X I X ADIH b D
IR CL BEICEER RS IV QWD IR/ N HEAR T — L IRFUTINZ T, IRD IS 7eb DD 5, H BRI /25 L8k
DFEAZ B> CERPITHRNDIINTRDE LN ENFD—>Th 5, £/~ BRGFFEIZLY ., SHTIZFC ST
NRNDEIIIL GV, W MICHNDERIIFE T omn—L Y NIRRT L, o, mEkIZRD
FE EBROACHRY SIS/ TR T (crowding) ZIE VL E D2 ENHBLILTND, thE Tl Bkt
FRERERIC LD 2 ROt TA RN T72<7e | BRI (full wave) T 23 EREIU TS,

BJEAR TOZDI 0B e+ it LSBT 2 BRI HHZ LTI Z, TAAAER U ZEFE 2R
ab— T ATENETETMELR S TETCND, ZEIRTOERIT, FEIANIICKRELF ST 506 T
bb, TNHOERZENFE T OREZFHE CIRE TEL7-0101E, ZNODOFHE T2 L0 EEICIT VBRI TR
2L —NTBUENDD, 2L 2L, RS Z 02 DRHRE (q 7 774 —) DAL, Feticiihn
HiBEEMDOA I 7 EIUC I D =T —IHENE N TSN EWT 0, R, 22 TR->TW
HZENE, TFRD IC FRFHT RN U R 72D D TH D, T 70, BRI ENFHE T -8R AR DR,
R IV AITHRD CIRRIA N E T DR AR EZ R L — MRS ZE N FER IS EE N TS,

B DEWEOIL, BV, BRI DS W 2 B IO R CTh D, IO | FHLAKTTE
BRI, (BEME~O B ESEL TEHL CTHIERA LI L O THD, ZIVHDOEEOEMRITIZNEE, 372
Db RO, BlORA, IETEROZEM LRI U GRS ET D, B A7 V35| & 4870
ST, TRICERWEINN AT HIEDN DD, ZNHDREZ LRI ~DI21E, ERFEZT TR
PRal—var = VR TH D, A F—axIh v Rab—ar Nl R/ NHEA T — DA
L—yar AR T RENL, T ETHEETHD, MEEZR-FFEFRWE~EE 352813, K- BsE
BYEIERTHIETHY, A F—ax I NEGHIROERICNELSND — O IaL—ar Y —)b
B DETZERN, BWITT V7 D=—X0b TREL > TETND,

FOEWERE DS GHz fEIRIZE EY , AL —a X MEED T AT AOBHESHIIR 2 EEINT D106~
T, ERETIVIWROY TN =7 ) — LIS BR 22 5 CND, A H I X AREED I E AN - E
WA ENEE DTV T INGECTH D, A H—a 3 MEEDEZI)., ZENFE R E T sk
HINTIeHZ I, SIS EHk T N EHAERE TH D, 7B ADHIREIC L~V ORERE REZFE O,
(EHEMEDIEL IO R AL OBBREWMEIC L, T LT, A ¥ —ax I MEEE RS I TRLIE 3%
FORENEFFOV TR IT ) — VRO F RPN EE LI > TS,

LOPDOIRPIRER LD D0, ZNOOFRRIT, a7 —0 B 2 OFHICIHA 5721 Ot ok
L CHIZRESELVENDHD,

o 1T, FEERERMEES IO S E  EEARISEL, SPISEINEDILT ThD, ZO%HE, Z0Hk
BRI FARELE LA B R & TRAEDR ED(REMIAR L U THO Z LD RS, BERGE (full wave)T 7 m—F (2
BEOWEEBEET V7T 7T a—F PMERATRE TH D, T — AL MEMoM)RC, H 5y 2235 « FAiffi (A1 #
(PEEC)IEDS, BREAKHIEREE 2 2 I — M DA R AT — L L L TBZES IV TE T, iliid, AIRZE I
AT REBTE 205 e JR M BRI DA > B — a2 I DR B R DR R AT — AL L GBS TN,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



13

o FH2DOHTAV—IF, FE FEREL TREIZEDEIL D TH D, TORS, HEMIEMIL, BRIIRIL
IR ET 5, B, BROYV—ADISENENL T AL AT N ChHIEITHERL T, RO
FEAEBNAELD, Bl T, AT NSA R 2L — 2 DRI~ AT L iR e L 7o v A

:?%FELK“)?TH—%bS‘}:%%LTb%O ZORPMEZDH D THDHIEIE, IRSIVTNDDS, T a M
12— AT Z DT, RIE—HOBBBLETHD, FEfHSITWDEER AL, TnfnizL T, () BE)
AL ’**ﬁﬁlﬁlﬁﬁi‘%ﬂ;%%ﬁammﬂ%#f b5, T7bbh | Ry RARS SPICE /8T A—4  5HDHN T S /3T A—
K% BRI (full wave)fiF o, JO LT TE a0 2 | TTh D, B EURIF(Reduced-order) €7 V7 1,
i, BIZHE, BRI TOMED &L ATREMEA R > TD,

R (AN full-wave) SEATIL R RS LRI W REES 3 D5, BRANAIRDEEOO M) Il —r a3y
I3 EFRRRIZEEA K10 5 2L Bt ﬁ%iﬁ@%ﬁéﬁwg*@%éo AT O 720012 E, BER DT L
T VaBODERD D, JEEEBIKAFEE R T2 DT, ZEONAR IR O W 52 R A7 T D05
3D, T, 3 VR LR — DY EE R (full wave)ﬁ¢$ﬁ%ran+7H~ CFEET DS > TR » T
W5,

A H—AaRIMERRD T 2l — a3, RIEDASIRD 4 FIZHED, L0DITHEEL 72> T D,

1. EBRW, BBI O EFE A LTI 2L — v a S ThH D,

2. EHEBENDIELTF T L~V OMRELERMTH D, LU, /NHEAT— )V O/ Ne T AT K
o EFICHEN BEER A Z—a R I MR T OO B AR F IS T, 2O BENET
THEEZIT DI/ >TD, 2L T, FREIFIAL, ZADD mm FTORESITHOIZSTER>TND
Do

3. ERLIWERRIR AL LH IR/ N HEA T — VOB F G N IR G ERRIC E T 3 R EAE KITL TRY,
WANARL AL DAL B —a R k232l —al Nk eFE BT I S ST T b,

4, AH—aXI =V ORI 2l —alNETETEETHD,

ZNHOREFHEEZ MR DR, BEES 2L —a FEEY — L OBRDINIHTHD,

BIREFETI S

WS OMDOBERERMNE | FEFHEEIED RS2 BERNM I CTH D, 1T, ~AZOIANIEIFIZHIIL TV
LUV TT77 4% &), 2L, RGO AN WS ZHBHEZT D, %’* VLW T ORERIE, S0 &
WEREZVEEET 5, ZiUT, AL IS0 @IS AT e BT 5 (EE TS A T 7L —ray
R, WERTEEDRBEEEORH/RET V71X, —RICIEFEREEDOREH :H&EE’JU@% A=
AT AR ab—2a PN BT o1 Wa BN S [ E T 2L DBNTIT2 5, WEOMHEE %%&
ELEIE BT 5E T /U, fEREIRO THIZ SN CHEE T 5L DO TH A, %zh i, ﬁﬁrﬁ’)*ﬁ%‘é%
TavADEALRIZOLDEEZEIIANDRETH D, BiebX, ZNOHOFFHIRET VIT, 7 mzx@’%f
ZEOLETORT SR XD THD, 2L, JORWAERESLD BT HkDT v 7 5514 mlie
THHDOTHD,

[Alfg a2l — 2 a DO DRIEHRE T ET /UL, Ty 7T RGHEFEEDOS#ETH D, BRFTOTEIC, ZL<OFE
METHIVTCND, BIEL T, 7ay 7 EREE ORI, BIREE O, 5550 BEMEOHR, IS
DFEEBIEAIENI e E DD, BT /VREEEEL CPU 201X, 2 DOMXNLT HE R THD, 2D IR
ETNVOMELELT-HT, BOIBHERTET VT, NSRRI E S 2L — 57 fEbhs, K
FEOET ML, RERERAZ S I — 570380 N5, S x Thh, FREC, 20 BRI, T3
AAL YL AL YL Ty I L~V O OINORETEL L DET VOB RS L ELERT D,
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JESRINZT F s R alb—ar OLEMR, [FIIESE T 7 VORBAREN CX/e, 2L T rr s
S UHNVDRREEE LD INODET NEED, T B0 (T Fas LT 2NV D) T /34 AHO I L
D, EHICEHARTET VL2l —ar Y — L TINRMEDO S B2 VEEET D, TRAAET LT, <D X
DEE7 N A BT IONTIRDTEAD, VU —RIEHL, A H VXA, REIREDFEDRIT, ET2hE, Wi,
JAR ., FEHEFID R B QD BARZRENMEL T, FET VB OTZOITHT L VT
A=A PIMZHEND, BT Wb ob/Di A I AT A =2 TIVYERR— A2 T 5281280, Ziabh
STENTED, U NANTHIE R/ ST A—Z T VTV A LNL, KT IVICHETH D, [BIEKHE-TT MIC
BT HEFURHET, IP 7 0y VDT 77 L ADE VR AET NIRRT 57259,

CMOS IZBAL T, B RIFLEVMER—RET DD, KEART Vv /L _X—RET /U [ADTND, B
1E, 2L I RET VEHECHEREL L CIRESN CWA2 505 )L ((HISIM & PSP) 1, RERT /LN
—AET IV CTHD, BHRT T _—ADET VL, T LEMEET /L ERIFIET VOB OBEFAHI72
XTI X REZ EREEL TVD, ZIVHDET VT, U700, KOPEER— 2D /3T A— 25 Fi>TD,
ZD7h | T A=HH DR T (XD D ECHETOMARIALNE S ThD, ZHUuZ, 72&21EX SRAM TD
FHIMES R OINC, TAVHVEIKIZB W TEERIETHD, L LMD, 7 a2/'E RF OJSHIZE-
TR TEG TR O RZEOH KRB D Th D, ZHiE, LIEUIRTI R CTEIEL . T2 TiLEwy
EAR—ADFT )T T 4T 4 TV S TODDITHKIL , FHIART L2 L _R—ADET U TP BLA
—ATHD, VKO0D RE JSEHIZRLTL, BF v RT SA A0 & B AE i, JEMEFFIET L0
W25 TUNVD, 7Tl E REICH LT, M5 e DT IVIT, bo b EALELT5THA), RE(/A
R)HIEN, T A= AT T OL 0% EHENEWZIRFREL 7= 52380,

FF2kD CMOS HARDZL I NET UL, FILWIRE ELSET /b T RETHD, 7L 213, BEIEN
REDHIETF ¥ 1L E high- k D7 —RN—27Th b, FEHH) CMOS 7 /31 A (PIDS D FEA FL.J) 13, 1Y
2T IMEOMREE SRR 35 THhA), FD SOI-CMOS, FinFET, Omega FET, 7 =7 /L% —h FET %D J 912,
L DT NARIGERICT TV — SN TF v RV EFFO, ZOZETIVENT v RV Z A REICL, ZHUESD
1257 \UAT 4y VN RE IR T 5, SHIT, (10nm FREEL) FHAITTVY 2 DDOF v /UL, &1 /IFOF AL
&R, ZiUL, FInFET &7 27 V%7 —hk FET DIH72% T X FNT AR TEHETHDH, /NN ED
BZONT2EE ZOITADT RARTIL, XD DXEFFNI HL27259, FE CMOS 7 /3 A AT LT,
T IACD LR A E 76T DDITEEL VY, PIDS DOFEICBITEA T arold, TF V7 i ig kK
IR N FRL, BT BRRALLE N, NAR—FIZBL T SiGe(C))> LIV JBOMEIDEHBO JEfiD
HBT (Z[[) > CTET ADBERSNATE A, AENZEHL T, PIDS DFETHBRHALTWNAHLEIIZ, FRAM,
MRAM, (AHZALD IS HT LW AT KT 5T AR LETH D,

RF ORIFEET AKX, 100 GHz #EPHICE TIETHNLTHAS . ZAuUud, Fehi0 RF (77 GHz O H#L —
2% 60GHZWLAN) 7>, (55 3 Eaii o) BT EL 30-40 GHz Bl ~DiSH Cih b5, T/ EHE T4
BAEHBT AR HET ML, BA7R RE EEE T /AUICRLZEOHNAR LD THS, LA LA
M0, ZBEEER TOELGERIE, TG L S DWEBEET D, (575 BRI, TTARRDE
TR, S5 EARICBE O TREHRLMOIGUEINE G TH A, ZNHD (AN EIKTD) $hE
25t BT AT BRI 58 A TR NI T RETH D, ZOFEE, B iER 321 —
SATHNA T, BERIREIE T2 L — 2t B FTHEI /0%, KO KE M0 (FEB), 2 B) 3 1ok LT, FEifed
HIZDFITX TR0 | R ET /SN DRETHD,

A B —=AXI I NDET IALDOBEEMT, BIFEEL /A= ~DFRNEFELEHITHEL TND, A7 —

AFRTDDET ALDOWET, TIUIEGHETITR LLRBD, A F—a 7 NalEHE O S L BT
IE, AR EARRL T, Tebx I Z7nAN—7 G FHEMER G GD Th) | REGR., ~HEROL

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



15

N, BipoT-2h R ﬂﬁ‘é%r»@%ﬂ%ﬂﬁf;otmﬂ%zE&ﬁ‘é(4/5'~:rz%0>a%ﬁot)
2l —al R a2 Y IR DT, BRI AL H—a R hDT 2l — L a BRI TH D, 4’/577
B ARG BB ANDT LI, m@mﬂ@lﬁlﬁﬁ XL CEETHD, RF IGHAIZRL T, ZHULEEEEED
AERE 7 T, ABIERIEST T T DINA L Z—aRINT A ADT VY = —7 Fhal X, mEd L

IEE BB U T RN IR DT 5D, TS AL~V EHBR TA v A —a Rk I DT V7 = — 7 Geibk /N &
B DA BHESOEMET VTV X LZERNR B )N CTH D,

SEICHEHER IS Tl WSO DO RIEREN RS BRI, 7ol 20X, Iy 7 AN 7 /v L RE ST
FLEBFE R TR D, TAVHNIay IEET Frrl RE OIS REL ., EORHEARZ 15T D,
HEEEZNRIE, SOl N—ZRWED T SAAITH L Th o EBHEN TR D259, v A, A CIEEALAR A IEEL
DFEHIFIT, b LT T MEENDHRETHD, RF IGHIZHL T, KW BRI RN EEIT /25
1259, ZOZEIE, T AL~V B R TEET RETHD,

BHEMETRE 2L —aid, bo b BEITRDIEAD, Z<DiRET, N—RFEFEMERFUTESTHAD,
ESD i, 5% DO7 BB A TREBIFEARMEFEMRED 1 D220 >055, T/SAAL LD /I NET )L
(ZHANEAEL L TO TR =L —Tald, ESD IS LR T v 7 it R 5D, Wg\f% 5
Mz T A H—TRINAT NSO LI A7 L —ar DT HIE. B~ — L 20T 5760
S BN EETH D, BRAEHDOEHENE, Ry M UT 204, EMC PEDY =l —t a3, oD D8 A1k
HEZR BRI D FTREMED D,

NRolr— e Falb—gy

IC 73— DG (co-design)l T2 AT DL~V TEZHZEDE & BET /2> CE QORI EE
FIHThD, YRSy —ViEHE L 2 A B2 VO 7Sy RZELE T 528X PCB (7 U MEIFAR) Fo 1/O
FER AL iE 3 A 2B Te A A footprint BLARD FIEITHER L TNz, ZOHFIETITHZ DO HE RO RE
BRDBARD (VR0 —2) YA RITKHE TEIR, Flo 7 —PIEEMiIC 20 | RO A E TERNE
VWOIBEZ I Z 5, BofrHsk, BROIEH kD LD FIZHEIZ, &7 F VAT 7 U7 1(signal integrity), /X
T — ARE, A =1V A7 27 V7 + (mechanical integrity) (ZBIL COERIZEEL /2T iU/ 2B, Bk
SIVTWDESR, B, AN=T1)V ol —a3x A & VAT LEBE L ETEITLARITUT b
WS, ZAUE L 5% G (co-design) > — /L EDXIFEIZ L > TRMBEIZ2 D, BEIVIZ 3L - B E(co-design)” —/LiE, /3
=D ADT =B AR— A H A, FEICBES Y W OB Ra e T DI EN ATRETH D,

BED— )72/ /r— &7 )WL, IBIS, SPEF, %7213 SPICE O LA ERET L ThD, Zibit
ETANHMT, L2 —1a A —ROFERH L ENLAHLEDNL THA), ZOIHRHMET
Vo TE, BT — VR BT W B RS ETHD, SPEF 7 /UL, BOFERO A O AL X 72 A0
;ﬁ_%f HOKRERN—T DN EALZ 752 AN CELGEITAZN ThHD, TR WERR, &

IV — 7 BUBR S R &R /X0 r — A OWTE, fHEA L H 7B ANEEIZ/0 5, IBIS 7 /VITED
ﬁ)«%#t/\%ﬁ&uﬂli‘ﬁ“éi)) Ry —2 EOETOX AL AT AN ENZ T a—RLTWT, 2T
2l —v a1 ERESHIRT 5, EBOLICLTHIlFEIL, B, 7770 R EFKEWIF ZENTE/0,
ME— SPICE |8, 77V ROLOEHRETET N AREGEET HIENTEDN, T MO EEEE ME A3
Hb,

Nolr =V DB, TV RHEIEOET VIR ICHE THD, BIRNYRyT | JAR | [AREAA Y
Fo 7 REIL, BRI OGS LEEL W B DD, 0727 Iy TNV ED IWERGERICIELRLES LTV
D73, AR S r = DA KN HAT T DIFE RN BN TD), 0 BARD 3FHEL Y,

B2 e P E B ESR N —ADET VAR T, @k R EBUREIR T T BT T2
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OB LS TND, Bz o r — A CIEIER ICROAVIZEIR, 777 L REE LR,
Y2 BGA (R — L+ TV R T L A) /3o r— Tl BN 77 o R a AU D158 ib?ﬁﬁ:/\ﬁrf
0o IV TV T F o7 RETTI BRA 2L A —D LI DI TT R EIREPFAES Do /307
—VHEAEWEIT ZEIZRIUR, — BAEBNI Ny — U T IS OBIEITEDZ 12705, ZORE,
KTV =T b T vy b ISR T 5V AT 25 WH T 20 E DB 5, reduced-order E
TNDIHNREET V7 THETIHE T DUEN DD, IC 73y/r—2L PCB VAT AMOBHES O AN
METT MZIIAT 8T, fRa e IR—= R hET NV Rk 2 ICRENR DTV 22— /LD T T —F 73,
FEIZ SIP(system in package) <X° SOC (system on chip) YU=—al 2B ET DR, MEES 2D, TAVHIL,
7F a7 RF %L C, MEMS (micro-electro-mechanical systems) , Y6578 5L E T RIRHZ &3 283, Rk
DETNPUEETHA), A F—AXI T TV = r—VOFER B,

“/i:LI/~“/a‘/:E?‘/1/Z§:1’E5kU\5:k IEAEFH R ETH U T LORREE £ T 282D, 237
— UTIRINTIZFERIT 3 IRTED BRI NN — TN T Z & tile Do\, 7V 7 F o7 R0 r— Tl
2 DEHRE & EIR 77'7/1\1%1_75)ff¢50>f Teole—AROIGEHDF ORI THIEF NI T34
FCH D, MCM (multi-chip-module) Tlx. FEFICKE /e i/ ey oA G CHLEZRIR LD Ry M
A DR TR OERRIE N FAE T 5, LD — AT Th, fRMT iR /N IS 53 2R8NS, B 7
T ROIRTGA=ZIMHNZ BN TV VRO BT EOBbEFIERE T, 7 30— TOHHN
TE, FRNTREIGS AT BT EBRESY V N — e D DT DI A Z ARG RNIERR T D8 D Th D, FRNT K
RIS TG A BN T HIE TR TEDHTHA), FFRICIRFEEATVIEE O Bicdk#EmT 5
MR BHD,

EMREE DR low- k FFFEROENIIEVIEHT O LB TS, IC DEAE A KEL DR A EE
133 — VA D, DR, EDINZLDEE LIRS, Xor —V NV AT LI, EOEETET IOICT 5
ZEIRETHS, ZHUZ, P2 —Tal e R 5 1T 536525 (co-design) ¥ — VML EEE D T 0%
RLTCWD, BIZTZ T REB L CiiiVd e T — G A BT A2 N METH D, 7o 72 BLEIOR
ML ZIE, ERAR Y MO /25736 T D,

ﬁ%%LL’C%]\éZ}’Léﬁ MEIS K OB 7005 ) (AR ) 1 X, Z O REEHEREL TET M bLZR T
FULZ2B720N, low- k 7 BRI UIZUIEHE A A R A (mechanical integrity) ZHIJRL CTUWHA3, — 5 CIA
REICENG ) (AR 2) WETET L TeoTND, EDAR AL, X AR, 7 T0 R B P OEFA N
WA IS THIZEISNDAD AR —R0 BVYREROIR TIZLY FRHIREL2D, ARV A~ AT L —

A RRAR EIENOEFI, W 575 TRIT DY 7 2T ) — VBN BELESD, AN=TINN AT T VT4
(mechanical integrity) DEMRIZIUNTH, IC 77— D3k FEH(co-design)i L, low- k T /XA ADET I
[T HLDIENDE D THD, low- k T/ 3AAD/ S r — U PHEFUTHRD TN DITIE, IC FlitE ~58
FEZARADOREEDNBINS AL, RIS ) — D RENRITN A8 D, — 5, 7\ —2 35281, low- k
I\ T RIERNEDA 727 )T 4 (integrity) DERFHA M T HZETHD, ZOFEWKT, IC &ilteT77
77t RL, R =P OERIZED low- k /N7 ZURTERRIED A 77 V)T« (integrity) 23N i k72 EH1Z
1Thivhd, —F T, low- k 737 U R TEREOATRE X, /Sy — VI I D b Rd Td, 20
BRI, N\ —VHRE X low- £ T SARAITE AT DIRISS) D730 — VB FHIIRAA TS, 237
TURERHIEIC 31T 5/ 3y r — VBRI OIS ) 2T T AT D8 LW FEED, 20 M- 5% F H(co-design) B A
IZBWT, REZEDTERVEDTHD,

% = N/

HEEARBHAI IV THT LM BIDMRZR S IV TOBBITE, (IS SV 7RO BRI RS, ZIVEIZED
T NA AAEFH AN D EE U, B | iﬂéﬁfﬂ%@/\@%fiﬂi #é%{diﬁﬁf@ﬁ‘&fw’\ﬁ?f“igﬁé’tm
L%, MEBHFE DSBS HEL D BV T DT T, BLIR THWSILTWDPERR O W BRRI RS 238
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TWBHENDD, ZOBRETED DT-OIZIE, ME M&S 73, BRI FIE THNIEAFTHA ThiL, LETH

%o BN AR, PIZIEEAGRE CH D [ FEmDT /A —/L CMOS (22 TDOT 2l —TarDfE

FTINTHRIL TR, EARFEOZRMEFE T VBN ThY, LIEUIEBSGRINTET Va0l

TWD, - TEMMIZIE, B HEEE RN R R THDH, BT ~EZFRBEEL T, LLFOX57eb 0p3 %

Foins,

o MEE, TOBR TSR Ny = AR — A B —a X TN Al — g Y — )L
3. ATTT2HEE CIREDEL E 25, L L, ZNEOYMHEMII AR TH o720, SRV EUEIZIEE 72
WIGE N, T T COWERE, SOSHEEEE, A< codopant[FRIF: : RIRHIA A HEASILE
BEFEDO AR ] | K- RMaD EFRECEXIIRFE, 7o — B B R ORI R . AR ELE
BRSSO T, ERNED, B UIT IR R EE RS IX 5 — R AN DROTETD, 7 —F_—
APELTDD,

o WRINTL VAN FHLAHIEL D AR) RO AZHER, BUV VY757 0 CHWOLILA L JE RS
IZBWT, MEFET VDB THAD,

o TNARTIEMARGEIEDY, MET v RV ETHE AT/ A=V, Highk 7 —MhEIRO ER R LIEE
(EOT) TH /A= MV EHIMEL TIT DI, JRF-L L DT BEGHA L L COMEAE 258}
M&S NEVEEIZ/2>TLD,

o TEBRICEHLTIE, A RN, SERL, TEPE L, N COFE BIRHL, FFEAROWME, HEHERXRAE &
ToF v FIVERIEIZOWN T, I ST A=A G F RO R —FRLETH D, I KO, v 2L T
A H— RO EFE CHHHE— R CIEEREDOMICZE RA2 AT TRY, Ik Ro B iiFEss
W Z 2 ThD,

o AUH—aRI OEWERFELEIMEIL, CuOBHIHEEIZIRKAFL TR, IR 2L —a TENR
DEESNDVLENDHD, MEFET V7 TOHH)— DO, Low-kihERK ThHD, T/ ARETI T
DIEESIR, T AR L2 —ar THOLNSET VD ELIL, Fl AT EERO /U REEIZ IS0
TVDERIZ, MEFET VEL TEBE T HZENHRD, T A T a BIHMEL , JRPTES N LR,
KIRHI7Z2 BN RFTIRE T v L (Bl LT, 28 Tl sSi, SiGe, Ge, II-V | SOIL, 7& SOI, GeOl, fithd
PR E NG END) R T DI DFI PN, T A AT 2l —2ar O RERERPLIETH
Do

o BN —RN<y TR HEOND KEREE I A RS L T, 2L OREBRERZET BN
TWD, 2@ B R E L BB R, BAOREEE O B RIFRRC, 7/ SA AL O [F f M
[ZOWTCEHIS DI B R b —al o — VT T U, BHE 2 SR LD R ER A & 0 34
ZETe MBI E T HZ LD ATREE 72D,

EE-BRETVS
ESR7N

B LR T V7L, JETIR0/ Sy R T 7 R AR E DI EATTARSCAE 727 - AL B LA
T ORISERAT =N D2l —arzEg A TRY, KT RPTHNREE T D IO 3 F — ORI
REBHHSE T, 7 a e A RE THIT A% BRIZL TVD, 1ERIE, Bk ol —sar b3k
EET WITEEL TR, ZOE RS, A — VDRI HET VEY 7 U TR LIEWANARRITEE
HOLEAT— VBTV T N5, ZNHDOREREIL~ IV TF A — )VEREED T T U 720, Bl & (T3 R
7o TEBEET VTV 3 NI AT — T DR THRBELTEN, 450, g a2 —i3g
LLAILET OB ART T A LAy T nt AL 2l —a (Thb b, J T at ART Y S DE
B a2l —aNEEATWD, ZOZEX, EEORIES ANV EHE T LA ORI ot AT
JTL—aAlilBT I D, A=A LOYECF R D HERIZHEA TWDIEEE R HE fHRE
2l —ar D)V PHIBE NN FENCIR D25, ZOZLEEETHE, a7 MR e REM A DIk
Fo T, AR R OMIRL TR T T 2 FHEBEORLET A7 A7 VDS | 7B E AT = X D% FEAR
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IZUTeEEE S R 2L — o a N ET T REBISNDL IR DIEAD, TNHD T —< DT, BAEWIZHH BT
IRA LB —T 2 A R THNANAIFAE B OH T, RIRHILEES LTS, LW TINS5 EF
SO T T —F LEREEA I L A Lo BRESE A NMENHY V7T 4 MIETFE, 7arhomu R
TCAD, W R, #RE, T ab-initio 5 FHENRIDD,

WAWAR B — DO RERR T 7 a—F Tk — L, /e Rat’y 772 il il 35 80 )t
FIFEFITHLAWIOTED ZHUTFEBRRaANDO BB RERILLHDELVOE RE2B 258, Bm/eBINEA
Vo FRNTHOZRPMA S — BT L D — AR ERER e FEA N — LT, LIRUIRE DT — &~y
FL 7w L TODIZELL b ZIRET D28 T, FHR T AN =SSN TVRNT B EANTG A= ~DIMfi%
FFL T, RSSO FE 125 A LT 7 I A~ W oWEfEa #H 352210 k) . 2=y etz
Ralb—TarNIEMIZRY, TRIFTEEIC2 D,

WEEL 2L —ar Bz m LS LT LI L EDMOERNEIL, 7 B ANEKAEEDO LD IEMER
BChd, 7 —hryF 7R low-k fEfF Ty T 2B T, LURRNE, N AT a7 A VR,
R LRI TN A, B ANEBRIKTEL TOAD DT I2L—2 3 FF LOHRT
WUNCEH A DZENNATHS,

SR ICHTHER
PUFIT/RULTZZER I, 2005 Modeling and Simulation challenge “Integrated modeling of equipment, materials,
feature scale processes and influences on devices” CUAMELTZWOMDIHHIZ T 4 — D AZHTTND, E
TVT DR BEVIEELTWS T B EAEY 2— /U,
e CMP
e CVD and ALD
e Plasma processes
¢ Electroplating and electroless deposition modeling

ThHD,

CMP

CMP BT /UZKFT DHUROEANTL ~Ui%, BR72 710, B, (L2072 B L, T o— AT
— AR | R T 4> 7 bmn—r a0 EBRIIERE~ OB E THT 52 ENERS D, 72
2L AZV—ERINORBEEE ~DOFES WEGIZIE, SyRLar T vat—)DTA T XA L0, FHED
B)—VE~D BT ENBEPE CTh D, B/ Sy R ATV — ar T 4 a ) —fEOYER ST A—Z )3
T MEOMWE AL IS D Rt Z ARICET LT AN ER S D, 1B O LER BT L FEIE,
electro-CMP(ECMP) T&Y, ZZ Tld, BBROEEZLIRID CMP k7 meATINZ T, FEE N EEE
CAFEE SR A T T DB DD,

CVD & ALD

E\) CVD & ALD O 7" mEAET Vo 7T REAL TD, T7 Vo7 DA DSEZ28 LVOEIRIE,
SR N1E ST T FAR EOHERE, S /0T A% — F /U A — low-k & high-k #EfFE, > —K, ZL T AU —/g
DHEFE T D, TR, Wi . FHOG. 7 0 254 28R A2 - B (S F— Ak LKA &
D C)DEEA ab-initio FHAZEL TS X TR EDR DD, T/ ITAZ—0F ) UA Y —DEET R v a
N AKX TE, AARAN— U TN BT DR IEYLE, W, KBS, BT 7 R0 58— P
TIEICIVERTD2MER DD, ST, T /RO T AR O AR5 Dl OB T v A0 #8% fi
SZTBIMERDD, TTAEE CVD OFT /UL, TTAFERLE I BEEHOT —2 R KIL T\
ZEIZI, IR DL TS TS, BT T v R T X<T AN ALD X, JeiidA 24—
R NESEGNT AR BRFE DM IR A EE /R =y N e AL L TEIL QN T, 43707 VBTN
VBT D, Siy SiGe X° Ge DL —F i FTH ., 7T b fortiori OB b B 35k S 1 50k
WRE7R AR A 22— 5 I B LT LW R ZHERL Cd, 54 OB EL —NE, ¥ —
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SO HATTIE BRI AR ATHRAFEL T 20%-60%1EEH 2815, BEIE. Ge DEa A BESCE in-situ N —
ELVTLAIVT 0B BEL TS, /S — VDRI S A VIR OB TND T NV TY X LT
IZCET, BBk, oD 2F o —E7 04, 3872 CFD 3=l —1alZillL T, Ty —7 kxR
R e S Tl | A RSN i g R

FIR T F LY

WERNOT TR~ Ty T L 7 TR T ay DIEETT ML TETCWDEN, T, 7 TA~TZyF
7= IV OFNMEE OB IGHE N AT —Z T LT b Thhh, R DT OIS CWAERIT, 7ok
2MbFL, s FCORE, v 7 phay | EENVINEEDO R IRESILD, RIELERO 7= O£
— TR IHEVHEIRSIL TR ZIUT ST ER AT T RA~ALFZN BTN ThH D, b BT
LLLT, BT — 2 ORI A FRENE, SED, BT VD AN T —ZEDX v T RH 510, TET V7 &3
L—yal i, R EY G, HREIRED T DR TA/NN—T0 DT R TEN, ZO BRSO ET
BHI=DINE, T—H T 40T 47T, THRIRBERET VLV ICBAT T DR BN DD, FHEEHIHT 5%
BOLO, BRI RN EIL, 7oA T/ — L ar A BRE GRS JREE T U
7‘6:&@1&%’6@“&%1%60

BRAYFLIFBRWT R av

AV (Electroplating :EP)ET U7 1E, IR AR TU 2V 73 EA TN, Fx LV 77258
ELTHEEL TUVD, FESREL T, EP OFIMIIRKE, IR, BRILT AU a7 a7y AL O CIEsdhd
HICHY, S/ e TV 7 BB THH,

BRI AR T IR a3, ULSLT A ALE 7 1t 226 U CL SAOIEEP v 7L LT D
TEECBAEH DEIEAY X ZATHIH T, BVPLAZIVT R a Hiffre LTI TS, FFIZ, CoWP XX
CoWB DIEEX AV TIEEN LI /e o7, L, FEEER7e R8> EM HBLOFHEIX 7 v A5
PEORELE LT, 13- ZD L QU Vel Fek EM HEBED 7= OFSHEIIRD W <> B Do ki S B 50k
TENUETHSD, COWPB DT R ard, W D Mo (LA, Re & Co d Ni [IZLARERIZHT 57 2k

ARFHIET VT O TINET HIXT ThHD, BRI THY, ZUIAZ VO, F—Mb
AR, pH 8 b, BUARD 2 L CTHUO IR Z G oL By DT ThHY | D7 mt AL FDORSEET
XYLV T ThD, Y NVBRER T O AL AR A AL EATO DI EE R BN TH U D, A1
HIZR3E FEARATIEDN DD | ZAUTEIEDIRD BN TR OV RIK CTh D, ET V7 lal—iay
ZAfioC, Bk g a RO T, P R A LIS — R A DS ATRBIC 2D,

S5, T BAR T O AT 2 — )W T p— AL R a2 — ar O BRI, BTV a2l —
arDFxL 7T —T VIS O — IR Z LIS FEIR SV CIVD D, SOIZEEMZR L T O H Ok
T,

o JLHEMELDT —H—=—

o UL UL EERB A — VBT L ERAE T LB

o BRI TT NBREEDET NVOEYHETT VLV =— X5 R+ 5Tk
o VILTFHAREEE/T=—ET L

F—p=—A

HEDO T RLIEE I 2 L — g O F— IR ST W L EE O T OME T T,
RARDIIO AT I 7 AT = A LB LT 3T A= ZBL T, K0 EfEa7e 7 o B L S FEEA T
T A RERENTND,

CVD & ALD D438 Tl Bk T —ZILEER K-k, » V7 I8, R A ERORLE)NDIAED, &

AL — VERIH L CTHRE DRy AT D RFHALTESD, L L, ZI60Y—/ U ab-initio 7 —# &~
DA IR T NV, HOEARR 2 — 2 al A REVED =DV o 7 U= RA 3R T 7 o — T4
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LIZII RS Ch D, RERELATIZENMETHY), AN =ALDF XV T L —2ar AL —RT v 75, —
DOV MV, high-k #EEIET AR L a AL DIREIO &L R L Th D,

T IR TR AR TR, TUHV, FRBERL T, IR REIC k32 E T ST AR L B e T — 2T T
R 22— aAIRU TEERER TH D, 58 <&, EERFBHIEE DMERE SAD EFRO P
TETHD, K- OFIEIRIEZ R L L, FIEED DA —RE AT 57201, IELWIERIBERENDTZA),
ZDIH72 T —HZERIL, KRR FEEBROT L D A REFT LN T ANEEICHE R A <2 T, EBRICHEX 5T
TINDANITT —HEAE e TEDNEIDRIT-ENT 5, ZORE TIEEAE B IN DT 7T X~ FKifiHH
HAVERICRIT BHERET — 2 DR Z T /I, 74U AR, ULK W AZVIRRS. Z L CAEDETHA,
OEODT I a—F 3 FEN)FEEIZEThD, T, AZNVEET R varz AL, A7 —ax
INRDYHED AR T AT —2 a2k MOSFET D7 —h A%y 7~ 4 _R&TH D, Fillp=—R 1L, RS
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VAR DT8O DIFHED — 7 X F D FRA~DENTHNEY 22— al —F O ERFFE DT 7217 T
72 AT VD AL—ZIRBAZE DT DITh , UL E T LI-IO B Th-oT,
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AT, B, Bl S 9 (Design, Manufacturing, and Yield: DMY)D 728 @ TCAD D) H EIETEI R
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DI, BRI DN R TR RO AL ZHO LT 1372 D720, S5H1Z, FFfH] and/or FEEEIC
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T IR A AR5 2\ 048572 2 FRCI AR AMAL — 7 DR Rk, T A T Ve
MEd2.2 & GBI IR T2 LAV TR 0%, IR O e BT 372 O P — 7 DR U A
— V2 B, Bl SR TAIO NI, HEEARE BT HECHVRVISIS, TCAD iz
T IR TO RS (LS B LB S5,

RIUZ L > THEHE T DT LM 72\ ER L FRIE DO BRZE I T — R OWF TR R MBS TS ZORIRENT, 52E
BN S R R OB T RATHIZ R BOE AR a2 W RIC T A2 2 BT D, TN E THOITRE R4
LFRRPTHI EEfE DIL T E FEZ R T AZEDMETH D, v Ialb—Tar - — L& flio
TR EEAE T DA, ZHUCEAL CREMZR i A2 R R B DN RO ZE MM ETHORIUTE S Fi 72
9,

FIHLRF KT 20BN, ZOUGENLEEND, Hl2IEX, TOEYRFHAEFIEZHAAENLTND
_RETHD,
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{iEl % OBFFEFT R E OWFFEREBE L O % 3h & fke - 5L C, ZOr—R~o 7 TRl GRS QD EEE R
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Table 123a Modeling and Simulation Technology Requirements: Capabilitiess—Near-term Years
Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM %2 Pitch (nm
# Pitch (hm) 80 70 65 57 50 45 40 36 2
(contacted)
MPU/ASIC Metal 1 (M1)
. 90 78 68 59 52 45 40 36 32
Y2 Pitch (hm)(contacted)
MPU Physical Gate
y 32 28 25 22 20 18 16 14 13
Length (nm)
Lithography
Simulation of immersion
NGL models and modeling of
lithography including physical
Simulation of EUV, EPL, ML2, imprint lithography options, models bridging OPC materials and components
EXposure mask parameters, mask
and predictive feature scale simulation (immersion, EUV, EPL, ML2
birefringence and mask
lithographic processes, imprint)
polarization effects
Non-conventio-n
. Detailed chemically amplified resist and EUV resist models al photo-resist
Resist models Meso-scale resist models with
including LER and immersion (liquid-solid interface), and methods Finite polymer-size effects models and
finite molecule effects
to easily calibrate parameters; coupling with etch models coupling with
etch models
Full-chip lithography Simulation of lithography across | Simulation of lithography and etching across whole

simulation [7]

whole chip to detect weak spots

exposure field to detect weak spots

Front End Process Modeli

ng

Gate stack™

—High-ic dielectrics and gate
materials (interfaces, impurity

diffusion, electrical barrier) [1]

and gates (interfaces, defects, impurities, mobility, leakage) [2]

Model material properties and electrical behavior of prioritized alternative dielectrics

Diffusion and activation

Interface influences and

activation for ultra-shallow

ts of models for Si, exts

for Si based materials incl. stress/strain and new annealing steps (e.g. flash/laser

Modeling of new process steps /
processing and properties of

alternative materials

models anneals, SPER). Atomistic modeling to complement experiments and continuum models.
junction formation
Topography and Material Modeling [8]
Electrical properties and stress
incl. microstructure; layout
. dependence; prediction of liquid Adhesion and reliability, including microstructure; full molecular
.. Integration between feature 5 5 . . . .

Deposition [7] (ISN(EO ST ED RO Y)W dynamics (or atomistic) feature scale models, prediction of surface

scale and equipment simulations

planarity and gate pattern;
coupling with etching,
lithography and CMP models

Planarization * [7]

properties

—-Comprehensive 3D physical CMP models

Chip-level including dummy
placement optimization, padwear
and conditioning disc modeling,
physics based optimization of
rates, uniformity, and defect

CMP process for circuit design including process

variations

reduction
(Surface)
. Integration of feature-scale simulation with equi t (pl ) models; process
physics based . . " " . " . .
) integration (coupling of etch-deposition-plating-CMP-lithography- including data
Etching [7] feature scale i . o
dels (in, beyond topography to also include sub-surface material property prediction), full
models (incl.
. molecular dynames (or atomistic) feature scale models
redeposition)
Alternative material Calculation of thermal (thermodynamic), mechanical and electronic properties; process impact on intrinsic
modeling material behavior integrity and electrical performance under strain
. . Computer engineered materials and process recipes; predictive
Equipment impact on

process results including
material properties

manufacturability and yield; full process integration models.

Integrated equipment/feature scale modeling extended to include

material information from the atomic scale

Numerical Device Modeling [3]

Mobility models incl. stress,

Transport modeling [4], surface roughness effects of Mobility models for high-k L . N
e . . . . Efficient inclusion of quasi-ballistic transport
[7] nitrided oxides and orientation materials
of the cl 1
.. . Device models to include . .. 3 3 . . . Nanoscale simulation capability
Additional requirements Efficient quantu I 1 lation of 3D device structures, including thin films,

for non-classical CMOS

additional interfaces (esp. w.r.t.

consistent with mobility models

including accurate atomistic and
C tum effects

mobility in thin films)

1

Novel memory devices

[7]

Material properties and device modeling of MRAMs, PCMs, FeRAMs and

SONOS/NROMs

Novel memory devices *

[7]

Unit=cell performance modeling of MRAMs,
PCMs, FeRAMs and SONOS/NROMs

Material properties and reliability

deling of novel

'y devices
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Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
D

DRAM 2 Pitch (nm) 80 70 65 57 50 45 40 36 32
(contacted)
MPU/ASIC Metal 1 (M1)

. 90 78 68 59 52 45 40 36 32
Y2 Pitch (nm)(contacted)
MPU Physical Gate 32 28 25 2 20 18 16 14 13
Length (nm)
RF modeling * [7] [ Physical device models for HF noise and mobility in I1I/Vs
Circuit Component Modeling [5]

Circuit models for non-classical
—-Non-classical CMOS compact

. . CMOS devices including Circuit models for nanoscale

Active devices* models /non-quasi-static models e K Include ballistic effects ) .
= = reliability and influences of devices and interconnects
and series resistance .

Interconnects and
integrated passives

Hierarchical full chip RLC [6]

Hierarchical process-aware
full-chip RLC

Process and materials

| Models that relate material properties (process related or fundamental) to electron

impact on electrical = — =

transport (e.g. in conducting lines). Includes models for electron scattering. Models
performance of - - - - - =
. that predict paths to material property repair (e.g. low-k repair, capacitance repair)
interconnects  * [7]

Include self-heating and reliability

Mixed electrical/optical simulation

Package Modeling

Electrical modeling*

Unified
RLC
extraction for

package/ chips

Reduced order models

Thermal-mechanical
modeling * [7]

Thermo-mech
ani-cal-integra

ted models

Include non-bulk and porous
materials properties

Material properties * [7]

- Improved
material
models
(visco-elasticit
Y, creep,

plasticity),
interfaces

Full die simulation

Full-wave analysis

Include reliability (esp. life

prediction)

Mixed electrical/optical analysis

Numerical analysis

Meshing * [7]

"I Robust, reliable grid generation including

moving boundaries

Algorithms

More robust and more parallelizable algorithms

Discretization schemes

alternative e.g. to box methods

Efficient atomistic/quantum methods; ab-initio or molecular dynamics

based topography simulations

*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 123b Modeling and Simulation Technology Requirements: Capabilities—Long-term Years
Year of Production 2014 2015 2016 2017 2018 2019 2020
DRAM %2 Pitch (nm) (contacted) 28 25 22 20 18 16 14
MPU/ASIC Metal 1 (M1) %2 Pitch 28 25 29 20 18 16 14
(nm)(contacted)
MPU Physical Gate Length (nm) 11 10 9 8 7 6 6
Lithography
Exposure NGL models and modeling of materials and components (immersion, EUV, EPL, ML2 lithographic processes, imprint)
Resist models Non-conventional photo-resist models 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

Calculation of
thermal
(thermo-dyna

mic),
mechanical and
electronic
properties;
Alternative material modeling process impact Atomistic material model
on intrinsic
material
behavior
integrity and
electrical
performance

under strain

Equipment impact on process results Computer engineered materials and process recipes; predictive manufacturability and yield; full process integration

including material properties

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

Numerical Device Modeling [3]

Additional requirements for non-classical
CMOS

Nanoscale simulation capability including accurate atomistic and quantum effects

Circuit Component Modeling [5]

Active devices* Circuit models for nanoscale devices and interconnects

Mixed electrical/optical

simulation

Reliability prediction in coupled modeling

Interconnects and integrated passives

Package Modeling

Electrical modeling* Reliability prediction in coupled modeling

Numerical analysis

Multi-scale simulation (atomistic-continuum); fast of equi] t-topography-electrical-reliability models;

Algorithms* . o
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 |®

Manufacturable solutions are NOT known !

Notes for Table 123a and b:

[1] Models that at least roughly predict effects like oxygen vacancies and Hf-Si interface states are required, as those effects
cause flatband shifts 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.

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

[3] 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.

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

[5] In Circuit Element Modeling no spatially resolved models are used. Approximatively analytically solveable, physically
based models give guidance for the used relations between electrical quantities. The goal is a description of device behaviour
(currents, charges, noise) in circuit simulators
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[6] This refers to a minimum of functional sub-circuits
[7] This requirement has only been specified for near-.term years
[8] Emphasis in topography steps shifted to material aspects towards long-term years
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Table 124 Modeling and Simulation Technology Requirements: Accuracy and Speed—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) ¥z Pitch %0 78 68 50 52 45 20 % 3
(nm)(contacted)
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Technology-development cost

. 35% 40% 40% 40% 40% 40% 40% 40% 40%
reduction (due to TCAD)
Lithography Modeling
CD prediction accuracy (incl. OP
effects) for dense and isolated lines — 0.9 nm 0.8 nm 0.7 nm 0.7 nm 0.6 nm 0.5 nm 0.5nm 0.4 nm 0.4 nm
3% of MPU physical gate length

Front End Process Modeling

(1.4 nm) (1.3 nm)

Vertical junction depth simulation 10% 10% 10% 10% 10% 10%

accuracy (% of physical gate length) (3.2 nm) (2.8 nm) (1.8 nm) (1.6 nm)

Lateral junction depth: 50% of FEP
Lgate 3 sigma

1.9 nm 1.7 nm 1.3 nm 1.2 nm 1.1 nm 1.0 nm 0.9 nm 0.8 nm

Total source/drain series resistance

10% 10% 10% 10%
(accuracy)

Topography Modeling

General etch cross wafer uniformity

10.0% 10.0% 10.0%
(% accuracy of etch depth )
Etch cross wafer uniformity of STI 3.0% 3.0% 3.0%
depth (% accuracy of STI depth) (11.0nm) | (10.8nm) [ERELXI) @101nm)  (9.9nm) (9.4 nm)
General deposition cross wafer
uniformity (% accuracy of film 50% 5.0% y y 5.0% 5.0% y y 5.0%
thickness)
High-x film deposition cross wafer
uniformity (% accuracy of film 2.0% 2.0% d d 2.0% 2.0% d d 2.0%
thickness)
General 2D/3D topography accuracy 5% 5% 5% 5% 5%
(% accuracy of the DRAM 1/2 pitch) (4nm) (3.5nm) (3.3 nm) (2.9 nm) (2.5nm) (2.3 nm) (2.0 nm) (1.8 nm) (1.6 nm)
Gate 2D/3D topography accuracy (% 1.8% 1.8% 1.8% 1.8% 1.8%
accuracy of the MPU physical gate
len gth) (0.58 nm) (0.50 nm) (0.45 nm) (0.40 nm) (0.36 nm) (0.32 nm) (0.29 nm) (0.25 nm) (0.23 nm)
Gate sidewall spacer 2D/3D 5.0% 5.0% £ NA NA £ NA
topography accuracy (% accuracy of
sidewall width) (1.8 nm) (1.5 nm) (1.4 nm) £ NA NA £ NA
Interconnect 2D/3D topography 5% 5% 5% 5% 5%

accuracy (% accuracy of MPU/ASIC

Metal 1 (M1) % Pitch) (4.5nm) (3.9 nm) (3.4 nm) (3.0 nm) (2.6 nm) (2.3 nm) (2.0 nm) (1.8 nm) (1.6 nm)

Numerical Device Modeling [1]

o 0,
Accuracy Ofkf a;fven ft ()A’ of 10% 10% 10% 10% 10% 10% 10% 10% 10%
maximum chip frequency
Gate leakage accuracy (% of Ig) 25% 25% 25% 25% 25% 25% 25% 25% 25%
Ion accuracy 5% 3% 3% 3% 3% 3% 3% 3% 3%
Toff accuracy 30% 30% 30% 30% 30% 30% 30% 30% 30%
Long-channel Vt accuracy [3] 3% 3% 3% 3% 3% 3% 3% 3% 3%
Vt rolloff accuracy (mV) [4] 15mV 10 mV 10 mV 7mV 7mV 7mV 7mV 7mV 7mV
Circuit Element Modeling/ECAD [2]
I-V error in saturation region 8% 6% 6% 5% 5% 5% 5% 5% 5%
1-V error in linear region 3% 3% 3% 3% 3% 3% 3% 3% 3%
I-V error in subthreshold an
Of\f]:ur?ent subthreshold and 15% 15% 10% 10% 10% 10% 10% 10% 10%
Intrinsic MOS C-V accuracy 5% 5% 5% 5% 5% 5% 5% 5% 5%

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



34

Year of Production 2005 2006 2007 2008 2009 2010 2011 2012 2013
DRAM ¥z Pitch (nm) (contacted) 80 70 65 57 50 45 40 36 32
b
MPU/ASIC Metal 1 (M1) ¥z Pitch %0 78 68 50 52 45 20 % 3
(nm)(contacted)
MPU Physical Gate Length (nm) 32 28 25 22 20 18 16 14 13
Parasitic C-V accuracy 5% 5% 5% 5% 5% 5% 5% 5% 5%
Accuracy of Gm and Gd at Vt
10% 10% 10% 10% 10% 10% 10% 10% 10%
+150mV versus L, Vbs, Vds and T
- N
Circuit delay aceuracy (% of 5% 5% 5% 5% 5% 5% 5% 5% 5%
1/maximum chip frequency)
0,
RLC delay accuracy (% of 5% 5% 5% 5% 5% 5% 5% 5% 5%
1/maximum chip frequency)
Package Modeling
0,
Package delay accuracy (% of 1% 1% 1% 1% 1% 1% 1% 1% 1%
1/off-chip clock frequency)
Temperature distribution for package 1c 1c 1c 1c 1c 1c 1c 1c 1c

(accuracy)

Numerical Method

Speed-up of algorithms for 3D
process/device/interconnect
simulation (compared with year
2000)*

8! 11.20] 1601 22411 320

*Numbers referring to continuum models. Estimated scaling similar to the ITRS. Different figures expected for other models.

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known |®

Manufacturable solutions are NOT known -

Notes for Table 124:

[1] 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.

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

[3] Absolute values strongly differ for HP and LSTP. Important aspects for nominal devices also included in rolloff accuracy
[4] (Positive) difference in Vth of nominal and subnominal device
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ROBATTAR DAL — T N T D, IDIT, EORIET VA RLEREE | FHCT I~ TROV Iz —H(C
FAIATeZ L1, ESH IZfEM7e e DA BT D BN T — 2 SO N5 alREME 2 et 975, BRI/
BT IO LB O AR BN D OYE A o/ MET 520D | ZEE ST B RS RT A— 2% b
(2B 57 — 2RO ND FREE AT 5, BICE, 32— afTUIRURA R MLV ORI IE T
— 2% I AR ORI E B8 T — A T D F CRHMl AT C B k75, T V7 vzl —Tar &l
EFAMEOBEOEEZ S, Z0lHc, TFV T 32l —ar b ESHIREBIERNC EWIC K 2 A9 BIRIC
%,

ETV T EIalb— a3 ESH OF B IRE Cih 2 "Design for Environment(BREE (R 2D 728
DF%EH” LA, WEFEIZEIR T 2F BRSNS, T Iab—Talr OpR, 27 B AR HE LT O
BAFSIBFR CHEDY = — " OEENZ E X2 TEHSC(—H ESH S Bhs L 7o) &IRA I 2721 CTlds
SEIEFE RN, HIZE T Iab—ad, UV=a— N THERSE DS CMP LAROBER , YerfsrE7R

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



36

Ek | FeoTe e R HEMEE RO IC R TEED DAY B B CHI A2 8¢, il TR TR
I ERH DN ER7R BRI HER T 20 EN DD, HEIC, WY ET ARy Ial —var Y —b
ZFHLT D72 Tl o HAT T A ERIA B LRIUERIC, BIFREOB 2ol —a BNEEET
HFTIREEELT, 20 BEAEZINZ A ER DD,

EFYL T 22l —ar LR EY I LD REE

BRI BRI B A MR T D &V D il OFI RSN B E0 I EeeT Vv alb—vard
BIOBIET 2 28D, FH—IZ ET VT v 3iab—raid IC _EORMNIG-2 25BN 57 EAA N
(B TED, HRTVMIIEL T, B T - AR D~ A0 KM Y 7 57 4 TRELZ D% Dy T
27 TR TSN INEVO BN DD, ZORBITER O NIV 7 T7 12l —ay Y — /Ll
ZIEF TR TE EALRTHEDRKGH, ToL 2T DBESN D _ERRE HSIRT TLEIFOHA T IC X
IR FEZTEDITT DT OWTHIERTED, FrZ, I —=2 7 TR T DR MED FRZFH~5F Lo
T, P 2al— v al BIERICHEENT RIBL AR DIRD, 232l —a - — FESIC B S T 5,
VY757 A5 TR TORMOAEHRC R MO B T-H1E, Z DR BE B CRIRT 572012, Bix 72y
— SIS THADILDHRD,

D EE/ LRI IZEAE R T BB RADLE N T NAARL IC OMERBIC T T 2 B3 25l
ThDo BLETAL DELDIRGA—E - 21T T =— VAR IBEDOZACORET-. EI-ITRREMD DO
AR EE, 2 DOHOMED L % H DT HI T oML TWD, @ 77 vt ZH|4#HI(APC @ Advanced
Process Control) CIIEE A E=F LI fEE T 4 — R\ 7| flio TL U E THRESNRBICEEA RT3 T
ZHLTAT YD BN 5, HIHENED BT TR E. BB TR LRI &, £/
BUST 20128 A D) a BURO T — RSN TN TN, T at R FRA A2 — 22T
THEXILXVREE: APC EF7 WEHMIECIE T 202 XL TED, Tt AT 7L —a OERET,
XY T —ardNiz7at R TNA AL 2L —H el 2R, Tt AOBECELET A 0N E |
FIZFIHTED APC 7 VAR T HZEnH KD,

T ZNRTYROMBEICEEL- —HRBOHFIETIE, 7R T AL AL 2L —a afioT, FHL
T BESL DO NGV THELD, BERRE T A—2 D, O FIEEEST, a7 =207 — 225500
\ZHEETH7R SPICE E7 VAR HZ LN KR, FrE LR E RS R I R L CORE 0 A b e FRaiE
WZEHT D,

BASNZ, BRREEV A RISk A2 =T V7 R ab—a DO E BN H50 7 — 2> T
4o FHWSNAY 2L —ZRERELE BRI OW T, BTV 230l — g O RO BFRE TH
%N

EBFV T 2 — g EEHEIE O BEE

FHMEETVT 22l — 2 IRIT A TIROWGE RO ENRH D, FERE 7721 Tl 7 mt R, iliE
PEIZ BT OMERE T L OB THREE e D FRNIL, TR IE DL AR, F— U b, mUR G,
IS5 X VT DPRE FX VT DTATZA LB E/2 L% | m\ 2R fRRE L R CHIE TE D8
R TFEOFR ATREMEL | BT LV OBRSCHHZ Al REL T D7D IR R A OB | & T Ic® 5, AR
72 3R ICHIREIE I DN TH 7 i RELAVORIE SN N B E S, ZLDGEE TR H DT
DITVELN T T AMEIEIZ XL TTIEe<, FHEEEOMEIEICKRIL Gl TERTUIRL 0, SHITR-0 VR
TR, BORESNDHESRCE T VOREEIIE 2 DR — U NEF-RIO R S&, e Flan->oHh5,
ZDOIIRBEEITITERE ROMBRIZEED LAY, 332l —ab LTIy RIS RIARY 72
ETNADLE TR IR E DL R e beu,
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T VT ab— T a B GEHEIN ~DOERF L, AEDNIFHU B O BRHEEIZF 572,
Ll iR alb—3al AT EOROFEE 2T TR, FHIEA B RO BIFICH BT ~&7ZL, R TEETH D,
HAERCAM OB O TEL L 2 WBIRIIZERAF 5 313, FHITTIRIZ T — 2 OfFIRCT — X2 2 e B
IRTEERICRIER LT BIERYZRRRZEDOHEE | SOITITH AZ MELTZHE FIED BRI 23 DERIC, IEFITRE
IMEDR DD, BIZIE, P2l —2a 37 at AT A2 BERI Y A XDPHLE % HIE B OE LA
UM DEICHIATE 2OL TRER R Z IEL IR 2T &7 %, OV O0DHIEL T, v 2ab—
TarZRIfLTe~ A5 HA, scatterometry, £ L C APC (ZEHAIEATZFIH T 2612305,

ETVTHYBDOTN—T1L, BT VRN ER T —Z T 5 2 B JE AT O BRSO D
JIAZ MU, TIRUREEERINT D, 728218, 7 — by F o 7 TIRFERDO =y F o 7 I ibnAIRE
T AT E DF BT 7 B AT ENNT DI04, TR COAERM ST OEH CELFIENMELS
LTS, MEHER DD O HUH 0 T AR O INL, K OGS IRINOWE TH-o720, FFE D%
& TRELIAN CIE AR T HTERW, ITEREREE A~ DY RS Lle AW E # RIE T AL T ELT i,
WHTEAE R Z DAY MV A % (computational spectra generation)?)3dh 5, WVERFA DIEHEA ML E
FAL S22 X IR RO B2 e kD, 72& %13, FTIR(Fourier-Transform Infrared Spectroscopy)
AT NUINT = LD Ty T2 7 TRETHIS RUOX 27V NV EFET HAICHIAESN TD, ZLTHE
PEVZARY~—(b LT A B O =y T2 7 AN BT AN ARSIV W R ELRFET 5720 DFRAIC
FIHEN, W OGES SR CEEA R NV A AR LTV ENE5AZ ST NEETH S,

SO, B FTREZRHIE (L 20 2 ot FIrm O 2 Gz —var o'V
OV IVERRRET D HN, SO AIZRETH D, € LU CTHIEHIT CEHAR 2 21 A#iAZ B2 T(méx
X 3 oL ORI AAREVRAT 2L KD, EORIE, ZOBIDEGE TIIWEEL TUXFRU T, £
NBDENTI R 2L —Z O T )VFVR LT THZ DRI R 2 ot T/ 3R THEL) , D FED,
FHEET V7 a2 —ral T BEREBICH T UL, EWICERLEST LFRHRD,
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