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HEZL(OVERVIEW)

W2 40 FLL EITh7e0 | B RPE B R O Gul R AR L CE Tz, EOMICERL
FRIEA LFDNERIZ Table A ITRT, ZHUIESIL, ERERIKEZ RG-S L& S5/
£ (feature size)Z4F ~ 5 EUBAEIONTHE /N T 2 PEE R OEM LV FEBISN TE T2, KbLIMFEHE
NAEBLOHERZ R TR URIE, 2—T OIEHIR 24 A TF YT HTDOa R—R NI 2 5&
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Table A Improvement Trends for ICs Enabled by Feature Scaling

FROIE H(TREND) PEREFEAE DB (EXAMPLE)
FEFE L~ AR —=R YT VT =T DIER
(Integration Level) (Components/chip, Moore’s Law)
= X M(Cost) FEBE&H 71 AN (Cost per function)

. ~A a7 aty OMEMERE
H/E (Speed) 7 PERE

(Microprocessor throughput)
T T DT R= I ALY 2= D\ T A O L
(Laptop or cell phone battery life)

I E 7)(Power)

= >Nz A
(Compactness)

#pE(Functionality) RIEFMEATY, #1483 7-(Nonvolatile memory, imager)

/RIS B 0 (Small and light-weight products)

(2 =V 7RI EGRFENDZNODOEHR T, BEAO IR E IZLV ATREL 22570, W 35 £ T
VERBERITETET RO, EENTOW I ERL, Z<OEMERTW . a0y —
T I, FDOMOEH IR TF v REN LRSI TND, ZOLHRMER T 0 T L AR T 5 —B)
ELTC, K E OB R PEZE 2 (Semiconductor Industry Association, SIA) I3 K [E &R H ifim—R -~
" (National Technology Roadmap for Semiconductors, NTRS) D54 BAAA L, 1992 4, 1994 4, 1997
FIRAZELDT, 1998 FITIE, SIAIFHON, BA, #E, BIEOFER TR LEBI, Zou—Fvy”
D 1998 FHETREMRET HELHIT, HAOE B G AR H iz — <>~ (International Technology
Roadmap for Semiconductors, ITRS) DfEE{EEE AL, BED 1999 RSN, LIk, #
BRI iGT & BRI RIS 21T > TV D, ITRS O A I, 4% 159 MICh 25
EROWFERFE DO =—XIZFEL T, B R TOREDO TN OWTOERR DA L P AZHERT
HZETHD, ITRS T, ZHVERLL T, o K% AT Z 1T U O & D0 7ER B O FE & e ks
RO EB WL CHART AL % B2 T, ITRS (L9 COMEE CHFZE B S8 B kT OB % 17 F
SH RO T L — 72— 03 b B SO FHIR CHFFEBR R TG B 2 S L CT& T,

ITRS I FBHZRIEE 7 e 2% R 5 T C, Z4UE ITRS OXENHHLIAHNTHD, ITRS 1L 5 A pE
SER DB R A — Y 7 (geometrical scaling) 2>H2 A2~ —1U 7 (equivalent scaling) (2%
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(Manufacturable solutions exist, and are being optimized)
A2 PE AT REZR IR RN N DI TND

(Manufacturable solutions are known)
EERRRIRFDIONTND | o

(Interim solutions are known)
A PE T REZRFFR R DN NS TR
(Manufacturable solutions are NOT known)

BAOTAEPERTREZL RN BV | B (LS ETH | EWVDRIUET B | CREN T T, T BAEIXBIERI T
BRI B L > CIERL ATRE T, I AMYICH MERERICH A PE A REZ K HEICH D ZE A RLTND, 2 &
HOEE | TRSIVIZRIIET B O 7= O ZIXE 2D RNV ETHHDY, ZORRIT T TIZTHL
(2725 CWNT, BRI AEER AR I A IO R BE N 2 B TEXHEME L TV D 22 /R T
%o 3 FHOE ERZLfRIR B INOIVTND | EWDIRPLIE, TBE DR R ITITREH 2 o> TH A PE R
WEDMEENDZEIT72NDS AN W T A DO [RERER 3@ S 4v, 7 e Al A E0m | A
M) B8 D4y B CARENE BAEL O TREEA D D72 0DICZF DB O W ENHIIFEIND | ZLE2RL TNV, 4
HHORMITE—F vy 7 OFEMEROFR TIINIR ) THFASIL TN T, ITRS MREDIEESTZ2A00, [k
VMV FLOBE (Red Brick Wall) | (Litg, BaR 3 DX HIFOEE | LR T2) EMIEN TET2H O THD, =
DR NIFe—R<y 7O ETARIZ, MO OBEDOT L — 7 2 —% R LR WGEIZIEINETO
HEBRPME ELCLUE |HEE OB WRERH L L2 RLEE L TGS, —fHoe—R<wy 7 OEIZES
TR, TBEECX VAT 7T v L Dl %) BZEUICRIZL TWORWEE RS-,
F7o. n— R~y 1B 2EUE %2 X BIRRL THED 72 BB ELE OB EICH D | E R T Ebd D,
L, 2GRN TH D,

[FR 1% ITRS OFEH T, YR EA DO LHHEAD RCL bz )5 BT, TEREATRE (LS T

KO72) 7R RN STV TN RN | EZ AR T T2 bis, 1R TRENTEIEIZRD 2 SOH73VI

HETED,

1. BNDAIREMENRH DD, AEINTIZZOMITERSND, LU RE S IBIEREII TV
PIRIZH L CHEDRFF TRV TG,

2. ZFOMEITERINZ, (T2E2X, (OO NERRER | 234 FANCTEOEBMMEN R0 57, 213,
HOMEIELTLED, )

F—DHT AV DHR CTRRSIHUEZ R T DI, FRICBITLT L — I 2 —RUREThHD, D
T = 2= R 2 T8 | GE 13 T EE AT REZR MR SR AN B AL TS 1) ITZ8 R ITRS OFF R TIdix
FEENTT A ) CERIZTAEPERTRER MDY | B b SEITH ) IZE R D2 EITRDIEAD,

[BEZL(Overview) | OEI CHEL7-E512, ITRS B—R~y 71X A—T OIERIELITIFNO R U REAERE
T DO PEETIIE DI 72 HANBIRE N2 LB TWBD [ EWIIEIZZ > TEEDLNTZH D TH D,
ZIOI DT, TA—=T OIEAIZRkRE T 5720121%, EOME S BFICE RESTED D RED T OV TEHR
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T, OTRC (#fhm—R~ > 7 H il H51%E, Overall Roadmap Technology Characteristics) F— X @L /LD
B =—XEWETL, 2, FEOM — %X 5720 O @A RS2 ED 0D, EL-Uro B 1E
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ICREINT-U,

BEFEE (TECHNOLOGY CHARACTERISTICS )

T TR~ 728912, [EHEEr—R~> 72 5 2 (International Roadmap Committee, LA IRC ER&HEL) OFE

EREEDO LAY Sy 1L ORTC (Overall Roadmap Technology Characteristics, ¥afifi—R-~ 7 HilifEie)
DFRZFANAHERL . AEFFENCETL TV EZAILH S, .I@&Tﬁ? X277 ) —=7 (International
Technology Working Group, A% ITWG EBEED) 2SRELTZFITIE, WO EERR NG ENLTND,
b, OTRC DROVERZIZ, % ITWG @&fﬁ%?k@%&b“d’ﬁﬁkbbb@f%éo ITRS 2007 4EAR
TlX, OTRC @il% fERIOHATEROES | HH (2009 4, 2010 4E...2016 4F) . £ (20174, 2018 4
2024 FF) 1257 1F T BARITKRIG T DED RS TVD, KOFRZ Table B 1T~ d, ZOEIZIE, VYT
574’515'51;6&/71 Table OTRC1/HWK DD TG HLTEY, 77w 2845 (Flash Products, —#G1H %
AIREZR AR MEAEY) DL Z I N G E R )3y O N—7 8y F O R Seim o Bt B
EELLC, #HFIZEEN TS, ITRS2005 Tl DRAM O HVVEW DAL 47 Mg e M1 (i FE4 )8
B D=7 F 72 1E ITWG DZNE DR DRI OITITHERER 72~ X LT, T BT 52
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Lz,

Table B ITRS Table Structure—Key Lithography-related Characteristics by Product

Near-term Years

YEAR OF PRODUCTION 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Flash Uncontacted Poly Si > Pitch (nm) 38 32 28 25 23 20 18 15.9
DRAM stagger-contacted Metal 1 (M1) %2 Pitch (nm) 52 45 40 36 32 28 25 225
MPU/ASIC stagger-contacted Metal 1 (M1) %> Pitch (nm) 54 45 38 32 27 24 21 18.9
MPU Printed Gate Length (nm) 47 41 35 31 28 25 22 19.8
MPU Physical Gate Length (nm) 29 27 24 22 20 18 17 15.3

Long-term Years

YEAR OF PRODUCTION 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
Flash Uncontacted Poly Si %2 Pitch (nm) 14.2 | 126 | 11.3 | 10.0 8.9 8.0 71 6.3
DRAM stagger-contacted Metal 1 (M1) %2 Pitch (nm) 200 | 179 | 159 | 142 | 126 | 11.3 | 10.0 8.9
MPU/ASIC stagger-contacted Metal 1 (M1) % Pitch (nm) 169 | 15.0 | 134 | 119 | 10.6 9.5 8.4 7.5
MPU Printed Gate Length (nm) 17.7 | 1567 | 140 | 125 | 111 9.9 8.8 7.9
MPU Physical Gate Length (nm) 14.0 | 128 | 11.7 | 10.7 9.7 8.9 8.1 7.4
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OTRC FHEHERDZ T, ] 4 DEEMWTERDFANFHZ D0 TD, BUEHT TORRD FHZ N T ZEEER LD D
THD, LENTEALE (Year of Introduction) & EREFILGH (Year of Production) 1220 TOFEMLEZEIZ DU T,
52 (Glossary) & D=2,

iR REO~_—Z (TECHNOLOGY PACING )

LRI ITRS ORUTIE, HEFERIEE (1C) OHEMHLIZ I T 2E( R O 2SR EZH DT H—DH
HiZpfREE LT, T80 /—NK (Technology Node, hpXX /—R &b E) | 2o TE7-, Ziud, 2L o
MHIAL BT NR— NV E G DA BB Y — DR/NDEDERA T, ZOE YT O L TERSILTW
72 BESAIZ1X, DRAM(Dynamic Random Access Memory, & A7 AENRZ DL Th - T, FiE
DFF L TlE, DRAM N3 Z 7 hk— V&G Teld i 37— LU Ui 7 2 — 2, Lizi> T,
DRAM [Z ITRS DT/ —RD_R—=RZAA—H—Llpo T, LULARS, BIEIFEEOEE T/ /ay
—RIA DB E T T HR L2572, 2072 DRAM ICRESNDHE DT 7/ aP—RI (3%
BRAR LFE T D DI E 52 CLEIEB 2 T,

7220 N—TEyF DAL DOERITINZ T, 779 2 AFVORLFHFHICB W TRV kg (2L
AR N—T7E T O A E) O/ NN EGERICER TR RS EERILELLTb LT, 7Ty 2 AEYT
IXTOEDDE/NZERINEEE Y M EEX ST HHMBERL, V7 F7 4 EON—T8yF O e
IO FET, By MEREE AR ESWEAHZENTEZ, & HOBIIE MPU/ASIC G HETHD, BHEEE
Z0) EEEHZENHMEESIL TN, [MOS h7o P AZ DWNNL LT — NE S 2 — 2 D ~HERGE L3
HERLTWD, ZOTDIZIE, BIEsmDV Y 7T 7 4 55k =y T2 TR D7 — MR D fi #4& 00 BRIGRE <
EERERBTL-01Ib T,

PEHD ITRS DHEAT/ —RDEZRIZHDOWTIINRVDIRELYAHY , ZOREITS Thie T D, <D
L AYY—RARZ D) i75>0)3C%7N/ ROME NZE KT DB, ITRS ST 7po7=, F2id, LIFUIERE
OIS TET-, b HAA, 72D IC NTA—FI R DR TR L T e E I S AL, 2D
%L DIRTA—=ZFELL T LIZZE DB WA DR BRRDEVDDOBEN LB 72l ETHD, ZDIH7RTE%
ZRL T, ITRS 2009 4TIl #H4lf /—F (Technology Node) | &\ ) FFEZ b7 nZ &L, 5% b
i 5, FiRD XA, IRC 1%, HEORYIOITILAEFEBLET | L3508, FORDITLLET DRAM
O M1l FTEOEBEAM) DO NN—T7EF R THE5LHL05, Ziud, ERE R (1C) O L OB O
SR DI LD OEDIZTER, A EIOFRK T ITRS DED T +—~ v " ZE B LIZH, ITRS 23 Hffi /—
K (Technology Node) | £V )& ’F%?é?g%ﬁ@fmﬂ@ﬁ.f@<ﬁé’&%E@ﬁbf%é HHAH, 1
—RJEVOHEEIX ITRS LA OGTlid bk 5 THhA A, T OBEIZIE, FFEDORLFIZRBWTHEINED
B HESN WD EEEE R [/ —R DN TR ERSNDIEEZ]FHELTCND,

ITRS 2005 4ERR (2009 4ERCH IR CEFZEH) 2B 5, 2GR 25 M1 (B Fig o4 BidkR) /~—
TEFO— R EFRE T TV 2 AEYDORY U (L dh /):z/)):@/\—-7t I F DEFITHOWTIEL,
Fig. 122 &Sz,
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DRAM 2 Pitch
= DRAM Metal Pitch/2

MPU/ASIC M1 2 Pitch

FLASH Poly Silicon % Pitch
= Flash Poly Pitch/2

= MPU/ASIC M1 Pitch/2 Poly
Metal Pitch
Pitch |<—>|
le—>|

] X X
X

X

X

;_w___/
- 8-16 Lines

Typical DRAM/MPU/ASIC Typical flash
Stagger-contacted Metal Bit Line Un-contacted Poly

Figure 1 2009 Definition of Pitches

ITRS |ZEBIFBHIE ARFHAO E M (Meaning of ITRS Time of Introduction)

ORTC (Overall Roadmap Technology Characteristics, & i —R~ 7 HAfraiR) Hir Bk DR 1L, £
Mo H AR U TS CO i B ORHEE 2R L CD, BIEMICIX, ZNEND 5B TOERITIGNT
TFZE-BHFE -7 B b2 TR PELND) — DD Z AL T RSNDNETHD, Lol ITRS 128
WTIEONEDDZFAI 7T BAL L, TS AR (Time of Introduction) | 13 [ AE PEASBR AR S U7 R AT
(Year of Production) | EEFL TEY, 205 Fig. 2a lTRSIVTND,

Fig.2a [ZLLFTOR—R <7 (D) D HUET S, A BEAPEEEROdNE & ATV, Ziud, ZhEh
ORI LIz, WO EPE B IEN B2 D7-0 ThDd, LTe- T, Mithicix, g7 R EAEESOND L
FHEA 2009 FERR DT —R <y 712 L TA,

S5, #7731 A (ERD:Emerging Research Devices) & #7# 9C#4 £t (ERM: Emerging Research
Materials) D[V —2 7 7 )L —7 DBEFEIZHE, KHIZHEREZ ATz, ITRS ODKT —F L7 7 )—T D
FHHATERE S OMER IR O FED T2, B DSLE ThHHZ LA T 572D Th b, D
TN TR ETNIT VT 7B OBV ThH | ITRS DBMER IS —L TIh ol 5% 15 X0kt
WDBHFIZOWTE, [ OHEAR (horizon) [IZ DWW T Ao — a0 2T 52N E T T HE IR
> TLD, THAERR W2 AT D8I L, S W)X 52 (conference) D e LR F TR LRSI, T DH%IZEHFE
E¥P12725 & ERD/ERM 7°5 PIDS/FEP DU —F 7 7 v — 7 ~DE DR A 2 5,

IV BARMIIZIE, Fig.2b (2, 2019 FEDEFEAE HIELL CWODHTH O — NEMEEZFIE L CTRIRLZ, 2
DOBITIL, FAAOBFIERR LAY 2007 FEITH RS, ITRS2011 RO —R -~y T HREFEEDOH YT —F
T N—""% PIDS IZBETHTETHY, SOICFEM7eBINRENERSIND AL THD,
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Production Ramp-up Model and Technology/Cycle Timing

Development Production

200

(ypuop/siafepn) Bwnjop

First Two
Companies 20

Reaching

Production 2

Additional i

Lead-time: — gl |

ERD/ERM
Research and 0 12 24
PIDS Transfer Months

ERD/ERM D#FFE L %D PIDS ~DEERiFHIZ O Tit, Fig2b bMWD b, F/=, (450mm BED) > U 22072 NG S NS 70 f
TG BREET A DIIGL B Y0 b — (o0 T, Fig2e #FMWD = L,

Figure 2a A Typical Technology Production “Ramp” Curve (within an established wafer generation)

ITRS ([ZBIIDHEFE” ZAL T LT, £T ., B —ORENRGLHINCIDEEZBLAL, 5 O
ﬁ”E’Jiﬁ/f—XT X 37 HUNIZE R TSI A AT Thhd, i _ORENEFEZBRBTLETIZ, IVE
WHIR A2 255005, APELITT mEAB IO ORBENK T LR R THD, -EORBEK T
#5&\9;& TR DL OMAZFTRO DI EEFW T 5, LT > T, EFEILNL D7 R AOFRESCH

TEHEE OB R ITE T L QORI TR S720, A pE H o REEE 1 T@ T 12 255 24 # A R1TL TR S

TWZRIFIUTZR D720, SRR E, T 7 7R L O IUTHe N — 234 E L& S 18 ORI B S
AVTORITIUTIRBIRNZ &2 D,

Fig. 2a &Fig2b (28I BT EFERAE ( Time zero (0) ) | DRI 7 /VAEPEBIMEO NS ERVEESTH
%, Bz, 2 77 WSPM (wafer-start-per-month, £/ H)DRE & FF > IH5%FHIN7= T Tid, 20 WSPM»»
DIVRE SN ETHEFER LD I DD 9 5 12 7 Adhd, ZOMMIE., Bl iX, 6 T/ A5 6 & #E/
HOEFEETS DI R 5, EiEo 6 |l A oA, Bz IE, 300mm” = —/~C 140mm”
DF 7 (430 Fv 7T x—r~)% 2 TT=— N HAEEL, HEFEVN 10% Tho7o L EO AR (430 F> 7
[T xz—s~ X2 TTWSPM X 70%) (295,

RIS, EFEOBITIE ITRS OAFEEDNL S EIFOFIXY = — " A XOHRPEA L LI — 2%

FEL QDI EATEESNZ, BUEIL, B 300mm 7o — ")DHEE 450mm V= — " ~DOBITHICE
L7b>75 Vo255, EIL, HEDY = — AP ILAFET D722 T, FATAEETOAEERNLDS BT OH—7
DEITHSTZMITHONTUL, SHITHEIN TS, ZIUZ DV TIE, ITRS2009 4D 450mm DOEiDi
iw& Fig. 5 #ZMENT20, 2 DOT = — AR IAFET 5 TEIFHROBATITONDERZ, T=—
P ARXDE LTI HRE 72 A FENE BT ADRESITWD,
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Research Development Productio

Transfer to
PIDS/FEP
(96-72mo i
Leadtime) 200

Volume (Wafers/Month)

First First 1st 2 Co'sie P
Tech. Conf. Tech. Conf. Reach
Device Papers Circuits Papers
Up to ~12yrs Up to ~ 5yrs . Product & P

Prior to Product Prior to Product | |

-96 -72 -48 -24 0 24
11/V Hi-p gate Months

Example:  [ERIE 2013 2015 2017 2019 2021

Figure 2b A Typical Technology Production “Ramp” Curve for ERD/ERM Research and PIDS Transfer
timing (including an example for I1I/V Hi-Mobility Gate Technology Timing Scenario)

SICAS 2009 DEEZEF DORIYERE TSI DEET (2009 SICAS INDUSTRY MANUFACTURING

TECHNOLOGY CAPACITY UPDATE)

ITRS (&, SCFEY | fe S 8 R LE AT DS R I THICEASNA RN A T3 228 12E LT
%o ZZ TV AR BLEF AR &) 1E, DRAM, 77y 2 AEY MPU, EPERE ASIC 728 DIz,
FEE DR P E AR OREE X 2 Hb D0 ThD, — . ZLOREICBOTE, ZRE OB
X0, BB O AR A S TR ELVESE LI L2, Lizii> T SLEOREDF I BT,
BB EAT S B R O I DS EX F RO E A HAFL TD,

ST, WO DOREITB W T, RIEmBiEZ 0 REOR R — 7440 —5HEL TRKINIC
BRL T 5LV ebd D, 2RI R i i A iE H 3 5 2 LI TRRF I I TRW=d Th D, Fi2,
1 2 DAFET ., B2RDAUL D ERZE- 220 EAIIE, BE ORI L T, B oFdiia Lo Rl
BILLID, BWRLTAZEbHD, 2D RIAWIRICE Rl Hiffi b TnaL, 4% ETE
T DN 272> TLD,

Fig.3 1%, SICAS 0 2009 4E55 2 MUl od 7 — 2T HSE 7 77 O T, ERRO iR o -5 Kk ilitee
N EIEONDFE T HEZ LITRLIZL D TH D, O IT M OR ST, MOS HEREEE O A PERE /1T
FEFIL TS, PEERBIROBLERE N3 1 HEZ LIT T TREFRELILTODN, RITAETHTH R
MBHIRETELOEINTICE N ST IAN AR L TN,

ITRS DEAFHY A2 /11%, DRAM @ M1 (B FJEDEHR) D/ ~N—T 8y FH RELLTHRRTHIEICL, i
FICEBE A EAOR TR, ZAUL ITRS O TWGHEIANT —F 7 7 NV —7 )W E i LI FEZE R D+
TR RS RIS DTS, ZOFEAIT 2003 4E, 2005 4F, 2007 EIZFEfiST-, ZHUckse, o
DRAM @ M1 ™N—TEwF|L 2 A7V T, §70bb 24ETLIZHE TIEN 0.71 fEE NI _—RZ DFED
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AT L1 0.71 fEl 2 —2 THER L . 1998 4ED 250nm 72 >7-H D75, 2004 4E121% 90nm E72 -7~

RHE L ITRS TIE1H A2 (Cycle) B F~FEn1/ V2 L n i B R LR LTV VD, TAU

F A OLAT IR EBIFE NSNS A X, BALEFESH T2 OEFEEN 2 (5127257 D I B e BRI Y
T3] o LILEND, IFOFHEIC LS. DRAM OHI LRIV RiZ MPU Ok > RIZUE-3W\T
WD, ZOHIZOUWNTIE, 2007 & 2008 42 HITHA AL, ITRS 2008 SLEThR THSE S DT,

Table ORTC1 I& ITRS 2008 SET il T ET 4L, DRAM O M1 D= Z 7 hR— LA DO AN—TEF 1% 2.5
A A7V TIAE D E L . 2T MPU O M1 D Z 7 R—UAF DO N—T s F O L~ — 2 & [F]
U Tdhb, DRAM D M1 DAY R— L AF O N—7F O BEEfEIL, ITRS 2009 42k Table ORTCI
Tl LLRTORD O IT72<, 2010 A4 45nm ([ZBIZETHET, 2.5 A7/ EL TS, 2010 H05
2024 fEETlEL, DRAM @ M1 O(fHL_—AD)YD B EEMLILSHFE YAV ElpoTND, 7T7vv a2 AEVIT
DNWTIE, v HIMEL ORIV ar oNn—78 >y F O BEEfEIL, ITRS 2009 £ Table ORTC1 Tl. 2
A ATIVH 2010 FFETHEX, TDEXDO/N—TE T 1X 32nm E720 | LItk 3 VA2 02725, MPU O
M1 DRI RR— VA D N—T 8 F ORI~ — 2D B L, ITRS 2009 ki Table ORTCI Tl
2 HEH AT N ERDINTHETSHL, DRAM @O M1 /~—7EyF L 2010 42—, 45nm &72%, 2 WA
JLDR—Z1T 2013 FEFTHEX, LI T, DRAM X7 7wy a2 AT LHERZ G T, 3FET A7/ DR_—A
LD,

Fig.3 OF VW HIIE ITRS 2009 FAIZED DRAM DR D HFEZRLTWNT, 2010 AT 45nm i3 581
T HELTCND, LItk 2013 AT, 3 FEV A7V TR A T e, [RIEEIZEET & 7= Fig.3 (21X, MPU @
I 2P ATNVDI U REFWAT, 779 a AEYDOR U RESEO A TRLTZ,

B OFE -~ TiEEL SR BEO EBPERAD 1 AFLANIC, APEOT =7 EFH LT 20-30%IZEIZEL |
?;Ef:v;nm‘i 20-30%\ZBEL 72 DAV EBPEBMG DY A 7 L, BERIIZ 2 FE A7 VDD ST T
WHEXX, LD o2, LLRNE, filt® SIA WSTS OFEE D 0.08um A D H AT T O FH (R
WSTS (Worldwide Semiconductor Trade Statistics)iE 2008 42 0.08um Al D X 43 ABINSFLI2) L, Ik
UEDAEPEREINL 2 EF AV NV DB D R — 2TV IIES N TOAZIEA R TN,

B\, e O RUERE D D e RITA EF L Q0D BN A Z DB O OHTO I E S
9ol FORLERE G HAEIZIE, BN T, FEATEAND 2 7200 3 FELINIZEEED A PERR
DNy 5 DHIHNT8D, ITRS 2009 TIE 7T 2 AFVOMEI L R2Y 2010 42T 2 4F9-A4 271 (2
FERITEDN 0.71 %) O~_—2THETe L LT, Z3UT, E57585EEE 11 3 i e AT b > Tnd
ZEEENT D,

Fig.3 |Z7RL7= SICAS 7 —4 bl ¥ A /b—/b 0.08um AR D KA TR FE i D 45nm AR RLERE
HNEENTVDZEITEESNIZV, TH AL /L—/L 0.06um Kl DX 4y (BLERE AL CWDH 7Ty
T aAEYR MPU/ASIC @ 45nm HARIZZZIZE D) OFakEZOFET — X DnFRI1L, SICAS TiX
2010 FLARRIIEH I STz, 2070 | Fedeim AR (2R D MOS BLERE 1D 20-30%% 5D 5) 23 1.5 44
ATV, 3R AT DNENG FERED Z3HTIE ITRS 2010 FESET AR ICER HREL S L=V,

(A A ELEL D A8 FERE T 1372 AU T2 AV AR > TSV PR B o 7208, BLERIZIXZ 0 FHIEE

I L TR N2 BT vE H &7~ SICAS T 0.08um AR D X3 N TE T, e dei S~ i a3 47
LTb\oT%\ Z DI R COR IO =T ILEL<BVFET D, ZOBRIIMEL-LEB OV T T4 D1
LEE U RRAET LS TULE KRR B R E R BEeT 5, BEHIZIE, M- 2EE OV 7" F 453, ITRS O
[ 3272 H A (Grand Challenges) | DR R Z B L TRt 7528122005 ThH 5,

YT IAVITREWIRT o T IR HREN O T2 TR SRkl i LB il 2400 f e im o T3b Y
A=t B L7221 T AT 5720, ZHUTINA T, 37 IAIET 7 7Rk, R —2 4% kR 2 2B PE B 46
R D 2~3 FERNIHE LR TR 5 T, 512, ZO%OEEIRIC T4 D BT mi) T
FRERZ LR T TR 6720, ZOX57 UL, EE MOV T T4 eTF v T A= O TS

—
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a2t 7-09 L EbIc, PRI R— DOV Y — A X TAHMBELZ 725U TV, Bz, SRARXE L
450mm DOV = — RO PEE ~DHEHICHOWTH FEROZERHTITES,

|:| >0.7um

10

W_.P.C:= Total Worldwide Wafer Production Capacity* SourcesSICAS |:| 0.7-0.4pm
WPC.  WPG. w C. WPC. WPC. WPC. WPC. WPC. WPC. WPC. WRC.
— — — = — — — — — —

|:| 0.4-0.3um
|:| 0.3-0.2um

e r—r
o (=}
5 N
o
o =
+ 1)
3 3

[J = 2003/04 ITRS DRAM Contacted M1 Half-Pitch Actual
H- 2007/09 ITRS DRAM Contacted M1 Half-Pitch Target
g 2009 ITRS Flash Uncontacted Poly Half Pitch Target
O 2009 ITRS MPU/hpASIC Contacted M1 Half-Pitch Target

Feature Size (Half Pitch) (um)

4—'—'—' 2008/09 ITRS: 2.5-Year Ave C yclc for DRAM I 3-Year Cycle
SWH3 Year DRAM Cycle ; 2-year Cycle Flash and MPU} Fi\ﬁl:r Zf()l(})lzf(f)’lf} ad
ash; after
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 [Reir MIAY
Year 2010 2013

* Note: The wafer production capacity data are plotted from the SICAS™ 4Q data for each year, except 2Q data for 2009.
The width of each of the production capacity bars corresponds to the MOS IC production start silicon area for that range
of the feature size (y-axis). Data are based upon capacity if fully utilized.

VL R f ] S O BLE D FET) % SIA( Semiconductor Industry Association ) @ SICAS(Semiconductor Industry Capacity Supply statisticsStatistics)
DT —=ZZHDE T2 f LT, FEDFIVIEL (4Q) OF =5 5> 7205 2009 FIZ00 TIEGE 2 WFEY (2Q0) OF =5 &>
7o BEDREL I DR X 1T, MOS ZEFFIEIE DAEPERETNIZLAI L TSy ML IIZIEFRIENE D T o 2 r—rb (BIG NS — 21 73K) #7 L
TS, LEEREIL, THDRGGH TG L7 b EZDEFEREDZ & Th Y, FEEREI1TRL S,

Figure 3 Technology Cycle Timing Compared to Actual Wafer Production Technology Capacity
Distribution’

n—R=y BN —F 5% H (ROADMAP SCOPE)

EHERIZ, ITRS OFRIE CMOS (Complementary Metal-Oxide-Silicon) £ i DA —V > 713k 35 &
WO RGE2HLELTERS U TE Tz, LAl 2001 FERRED . Dbk D A5 2L T, n—R~y 7
DO AR (Horizon) D[] ZH A (72& 21X, MOSFET (Metal Oxide Semiconductor Field Effect Transistor)
F XD 9nm LU 2722205 TiZ CMOS DOfikfe 27 —U o 712 B3 23BN T3 E5< 725 L)
ZEThD, SHIT, FEREERRE DRZBD N 41T, AETOLIRT mE AILE B IO LIHOaX]
HEIME 2, 51269 15 FRIEIRC-> TR LT OO0 EBTHZET L LNWEEE TS, 22T,
ITRS IFARAR CMOS T A RZXRELTHY L 2ZE2 0D TND, ZNHD T /SA A F 70 b Y
B 1172 Non-planar CMOS 725 AL > k=2 A (Spintronics) 728 =% T V127 NA R G teZ LI2ED,

I LGl 27 7 DHIZ D00 77— 4 [3SIA (Semiconductor Industry Association ) DSICAS (Semiconductor Industry Capacity
Supply statisticsStatistics) (ZFE-DV TV E, = DSICAS D7 — 5 [ HIRF1 D F I X — 0 92 50 S (MOSEEFGIAEE DL
FEZ) D 90%
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12— Ry P IMIRINTHER L Tp<, CMOS DILIR THAIEFEST-HH#lT 7o —F ThA AL, RAR
CMOS DEANIZEVHERE S 7= D AMEJKL | F£FE R B OVEREZ 0] ESH22T T b0, 61T, B
OMERER_EIXFE IO IMTIZTFITHEAD DT 3 FH OB SCH AT D /T A—2 DRI A G
IZE - TERBINDL Do TLD, LIz > T, B—R~y 7 TOFEMEITH T SAR2F ThdH LW
UG R TCRR AN DT DT HE A DL E T2 82D,

~AraFatyt AR, Py ZEEREIKIL, V3D CMOS Hilia b3l LT\ 5, Fe/NHEOMGH
BIck> T, A—T DIEANTREND I, OEDDF 7 FICETETELDIN P AL ZERETEHLD
(272572, SoC  (System-on-Chip, #EOHEREA Hi—F >~ FICERBLT 08I OARE IEREILT — 2%
FEET VAN HAELTH D, LINL72nh, BIIHE , VAT VARG (7213 RF(EJEE)) O/ RiE/e s
DELDEBMER, ZEHE T, o —, TI/F a2 —F— NSATHEEE/RE ORER TR | 512133
AR TR =T OFEREZR E 13— T OERI @I L 352 813 TERW, ZOIHRGA1E, FE
CMOS FEffrpsii I DI EN L, FFK, CMOS HiffiEFE CMOS 7% H— o — U NIZERE LT
ZE(F7205 SiP) NET ETEHEITR > TDIEAD, BEREMEDBLE)BIL, SoC & SiP(Sytem in Package,

BEDOT > T h H— 3o r — NI EE T HHEINITAEFHIZ2L O THY, LT L A WIIHE ST 81T ¢
IF720, SHIT, HUNEEHOIE CMOS HATIZE - T £ S CTEMEAEDL . TOROEMETIE, AR
% CMOS S BIRAE LT IR # Hi i 227 2> T, CMOS @ SoC L TER L TEAEHIT70D, LIZv-> T,

VAT LELTORERER SoC & SiP IZHRV /31T A T BT EH I L L T 8272 D72 A9, ZAUZiE, 7
/L7 ha =7 A(nano-electronics), 7~/ Z ¥ ¥ (nano-thermomechanics) . F /2E#)%# (nano-biology) . iff
FIENIEF BN T T =T 78 R COA ) _R—a BN ELETHD, SIP~DIGHDT=DIZIE,
FAEF AN IEE R CTHY, EERERNER THD, ZOLH7e - K% ITRS 2009 FhD Figd 12X
IRLTEDT, 2 ES I,
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Moore’s Law & More

Traditional Functional Diversification (More than Moore

RTC M I
ORTC Models ™\ Gammsm X X pmmes X B (s>

Interacting with people
and environment

130nm

90nm Non-digital content

System-in-package
65nm

Information
45nm Processing

7
4
(7 o,
V%@

Digital content
Bystem-on-chip
(SoC)

32nm

Scaling (More Moore)
[Geometrical & Equivalent scaling]

Baseline CMOS: CPU, Memory, Logic

22r1m S,

Ls
%,
s

v/
=" Beyond CMOS

Figure 4 Moore’s Law and More

MORE THAN MOORE(HRER) 2 4%1/L)

“More than Moore” &\ AL 2005 4RO —R~ v 7 T SH, 2007 FERR CIESHISEmSNUGES
iz, Bl 213, “Beyonc CMOS”EWVHHEEIZ DWW TR L D2 7234, ERD OF L ERM O FE(ZFERE
NTCNWD, Fo, BEOBEENRY =7 AN TABIESIL, "More than Moore”|Z 2T, 72 SOC (System
on Chip) & SiP (System in Package)lZ DWW TOIDFEMARFLIR AR TWD, ZAUTINA, FREDEFEIC
DNTDAL BT ARGELT, Zi % ITRS 2009 FhR CTEM - &ET L7, (Fig.d & HFELE (Glossary) &%
)

R b(“More Moore™)

o SRR (B — EOHUMIL) (Geometrical (constant field) Scaling) (X, 7 EDuvrEX
FIOYmi) (Var o m Fm)  BmEA (Va3 F R mICEE ST W) ) ~HEE#E /L
FETAZEIZED, BT EEL N LSEAHZETHEH VDO ANHIKL | e GEELHEE ) . 1F
el e K NANEEE S Sl o S - N 3Y el BNt = s

o HMPYPRAI{L(Bquivalent Scaling)ld, 2/ iU b & &b I i, Bl FrIMGI L2 FTREIZ T 5
LR DX il FBATE T 3 IROCHY72 32 T HE1E 128D “Design Factor”[fRFE 1 : ATV B/ O HFE
EFPFAL NN D ZFTEHSILO 2 ETHIE, ZHUTIZ T, EREIR OB AIEAEL M B
SHDTD MO FIIR =) T RSN T AHATCF M BB AL 528

o EHCLDEMIIGHIL (Design Equivalent Scaling) (_EFC D2 =il b & MG b & &6 1
EZD) X, mrERE, IKIEEE )., &5 ARa R, % EHh =R L&/ REI 3 ARk a2 X9,
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o BlImRd5&(MEENLRITRND)  IXHDEEEBE LTk (design-for-variability) | {K{H#&
BNIRGE RV =T =R AR —Vay say s 5 —T 407 EREEOEERLE) |
RIFEE/ X BFED~ /LT a7 SoC T —F77F =27

o EEACFIBERFFE ORKEH I O LEMEICE SR D2l HEE LMD —R A
7 DAL (" Moore Moore”) DERERIELRICA T HIDICHMTe 2L, SHIT, E%
{t ("Moore Moore”) Z 4510 T DX at T —F%7 7T 27 _EOREREM S HE & /1 EERED M EE
R CEDINCT AL

HERER 28K k. ("More than Moore”)

FEBEMI ZARALIIN T L A — T OIERNZ LA HED T &7, $7p22 5 1E TR\ A Il 2 £
T DREREZE T A RITHIAT Z 2 F5 T, EERIZER{E (“More then Moore”) ©7 7a—F 2y, JE
TULNVERE (T2 20, LIRS AHIE, B8R 1, Bt 7T a2 —H70 ) AU AT LR
IVINBERE D/ — L~ UL (SiP) R0F 7 L ~UL (SoC) D EIE FIEICBITISH A LN TXA,

o FXEHHARIL. "More than Moore” £ 2R 2 7259 KO 72 Bikkne EIZT D,

o BIRTBHE(HERERTRND) | BARDEEER S TDITHT0, ﬂﬁl/z @%Hb%@%”ﬁﬁuu 2 EIT DR
DOFLNWFTRRZDI 32 —vay VI xT, BT I/ F 2 —ZDbDT F s bIg A
N7 F IV DFREHANT, £ SIP, MEMS, NAF T 70y b7 U4V O [ RER F (co-design) <[]
L Il —3 a2 (co-simulation) ZTH72D D FT LN FIESLY — L,

o HERERIZARILZ FIREIC T 272D DR IR O L BNEITE ) 528

Beyond CMOS

BRIET SAR (ERD Emerging Research Devices) E#T#EZE41 £} (ERM: Emerging Research Materials) D
W7 =% 7 7 N —TIIE WAL ZATO IO D IFTLNAA Y F [ITHE B L T0D, BBEYITIE, HrL v R EE
EHEFRAT 528 _ot@ PRI ECTHAIMEL 72 CMOS A8 2 CHEREAUIZ SR E RIS b A EBIL LD &5
HLDOTHD, ZZ T, [CMOS %2 7= (“Beyond CMOS” D) SEE ML 113, BERER) I ZEERETE | MERE
. Bl i{ﬁ%aﬁﬁ%luﬂzfx& DELEINDEFRSIND, [HTLOAL T IETERAIR D=0 DFE 1 F7- 138
i Ch->T, 7T —FDEM, o, BFHOBHOERELEBITHIH TE b DEET,

e Beyond CMOS OfFIELTIE, L FOLDEETr: RFEEN—RILIZ(I—AR T/ Fa—TR07
T hMEol) /LR = A A T mEEIRR Yy 7 R A A~ F NEMS (Nano-
Electro-Mechanicl-Systems)

FEERDOFRIBIZB T HHERERIZ4£/L (“More then Moore”) DR ELSE OFAXI R E M XI5 % F T T
KT D, ;@@‘ﬁ L. A/ RN —=Tar O —2EHMERFT DT OMFZEN 7‘J/\~fff\’a°ﬂ%é’]"§?®§%
ERDDH— T, B iwiﬁa‘w@eé ITRS 2NEH BB E 21372 L TWDZD X7 HF 585y BT
BIFDHARTAAZ DWW TOREEFIZTERR D THD, ZOZLaBmtT 5720, ITRS ADWLD1D
T =X T TN —T W ZNENDEF BB T, BEEERY Z AR (“More then Moore”) DL > KD
FEICOWTHHEL T& 7o, ZOEEITABRIDICBNWEET LI A), ARG RIZ OV TIE, ITRS OZ
NZENDEICFLH SN TND,

ITRS 2009 RO FHEIPHIZIE, 3<XTD CMOS ERIEIE I T D3 T BT ZR & T T, 48
MEELa s Ea—T 0 VRO L ZICEEND, ZORGT L —T TR ONERBEE D 75%LL
FEEDTHD, bHEAA, CMOS H£FERIBE O G, RGN EIN D2 AT A LE W EER, 71
AV —hk, W, vAr/axLZha Al =)V - A7 A (Micro-Electromechanical Systems: MEMS) %% {7
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NRARZHFEAIIL TS, LTRSS T ITRS B— R~y 7OEER H S CTHZRL TV et | ITRS
p— RNy I EBBIR RN E R — AT AIFEAE D~V Ara, T EMTICEE U@ AR A Bk A A N
—LTWBDTHA,

ITRS 2009 4ERRD R Y72 (2009 ITRS SPECIAL TOPICS)

T xNLE¥— (ENERGY)

TR T, R COMEHRBEE L W E- T AEDOFEROY TOE T ETHER N Y7 AT
7po Tz, YR L Ve = A E, VX — DR 284, FERE, i, T8 S AEPH 2@ H FTRE C
Bb, ZOTD | ITRSNTRNFX —EOBEEMEDO L OBERICE LT HDITEIREZETIT RV, —iK
AILZ, ITRSIX, FISR72 L U R 2 SCEAV L RO =L —Zh IOV TREMRIY 7 HRA R EL TWA,
ez IE, —OEE (Y I OIREDERE, ATVDOE Y MREEOEIHLZ ) HIZVDOHE TR NLX—/RE T
5D, babl7e BEEIL, BB B 7o AT SARFEMNTEZ AL TOT, 2Bk, T2,
SEFE RIS D HLE LR AL LR O BB A AL TUD,

PRI, ITRS (TR DX GHE T AT AZHONWTE KL TS, ITRS Dkl (Desogn) DEEL T AT A
(System Driver) D& Tlid, ok, =/ F —BRITRFHEANCET ETEBAEELH -2 5351270
STV, HEBIEI, WER, Ty 7R EOR RO THY, = 5 /M, ITRS 1T2hi, 28T
ER = OOREREWFREOOEDELLTE, V=V EIMICEDIEEE L, TDIEL2ZH 50, Bk 15
ERNCOT-2W M2 R MMORETHY, FE LRI NI RELTEZ, 20 X978, =X —[E~D
PRk DEALRIL, H MBI RS O AR RN 2 2LV Z LTSV TnD,

FAR LI DB SR (AT B, AEV—DE VR EZNBIZE S TSI R OZh i m B i1,
St BN S =L — RIS G- 2 5 ER 480 L, B BRDISHICHY | £ ORI AHIE 3505
FZEE O R FX — R AR ESEDINTEFSNDLZELZ W, B2, v~ 77 akyy v/
Natyth BHREMAE BT ORI LS IE, BEVAT A FEBEBXE S, BEIHEREOFVY), E
R LIl THEETHS,

ITRS IFHEROEGE BT D= NF —HE EOR/IMEIZLFE AL TWD, U777 NA T 7L —
v a (Factory Integration) ER 5% « 22 4% - R (ESH) O 1 B Tl B R EFE R O AL PE T B = R L
—LZDMOEIFEIHE EOILRDHI A AR RL TWD, K—#kagiz, BRI OBREE A28
B2 D B RL TS, 2008 4RI 7 77 NIA T 7 L —a D EEEE Y —% 0 77 0 —7 (ITWG) 1Z
LH (waste) B OO —R <~y 72 EZET A0 D FALOFERE (metorics) 2L T, fFHREH O LK 3@ H )
DLFED 2 DEfEILr G E L,

T NIA T — 2 ar DEBSERT —X 0 77— ITWG) DR D BAE L, b0 2 SDOiEE %
ITRS 2009 FEhRICED ANDHZET, MARRZ2 L2 O ARALIZED | M= F— &2 RE T 52
ERHIRIEND, A% ENEND EAIEEOWIME - IEEEE DT 4 — Ry DRV i a % ED DT
DI ZEFRT DI EOHRESIL TN,

[FERIZ, 7r b R aE A (FEP) D ITWG O#EIZEDE, BIfED 71— 31 (global) 78 = /LF —&
BREEODIRBLUZ A LT, FEP 57 By O AT BRI IR BIE DTG L O A (7] LS HEWH BT T2l
THE B ORBCRIER O L OHIROBE LRI LT FESNTWD, Hih R (high-k) 7 — Mtk
L& B — NE (metal gate) DALAGOE ARy ZHERBERIRONT L D AZIZTD ANDHI LTI, El
DIV REES LT EEHIC, V= E e BN HEBRBS T 7, HEE LMD T M3, #E /L,
FD-SOI(Fully Depleted Silicon-on-Insulator: 5£4Z2Z 2D SOl FEtR L)YDN T P AZR~< LT 45—k
(MG: Multi Gate) D72 P AZEIE~DOBAITEZ TE T 52 L1705, 37 CIT ITRS 2007 AR TH AR/ 8]
SIPDIR RO TNDN, AL FI oM B O B L 27 OB D EE ) 3 N CTD, 7ok xiE, IR
SN A e LRSI A ST Tnd, E5I2 FEP IX7 727 A T/ L —2 a0 ® ITWG EBICE
EaRE T TR, Vo OB E TN X2, TR —7 =R (IRIEE—R) JIZ A TIHEE N ZHIPK T
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TLREIEBEZFE LI, bbAA, [RY—=T | LWIEESC, £ DOMMOE =L F—F— RO JFILFE R
AT %, ITRS 2008 FELkET R D FHEE4E (Glossary) TIEZ D KO 7t & TR X5 55l m AL
(Design Equivalent Scaling) | > —i& L TXEALL TW5, [FR#E1E: ST ITRS 2009 FhRD H G5
(Glossary) b RS 7=\, THITR D [More than Moore (BEREIZ4E(L) | OFib S NLZ0,

BT, ITRS @O 15 R OSF#LFH (Scope) D#& VT A (Ziva Hiflt o Hi R (horizon) 2V D) 121,
CMOS %l 2 % (beyond-CMOS) £ 23 T DO =0/ ¥ —2h 22 RiFIZUE T 508 LivRn e ITRS
I TPHEL WD, 2O B TOEZED—EEL T, ERD(EmergingReasearch Devices: B0 T /A A)DH;
W —x2 77 n—71%, 2008 A Virtual Immersion Archtechture (VIA) Forum D f% 3% LT DX ER)
L7ze TVIA JGH DR, 7o — i e 3 F —{HE O FERHE KA IO T 28N ELFETHD, Zh
1%, T AV My iR T2 T Cla R B RRIC DWW T B =R X — BT DR R AV — T v e L B
BRI DZENHIZETHD, M AER COIHICB W T, FHRAEO7=D121E, FEFITD IR LF
—L A TET, IVAFHEOISANRER T 20 THIUE, 1 Va—LOHE T RNLF—HI20DPEEE
ELIZEDDVER DD, 2SO T OR RIE, 2020 FETIC, FHREMEREZE Y 2l fE oL e T 1
Himb 2 Mg L2 AU BN 2 e B RL TS, ZiUE, BlELYD 1 Ya—vH iz O KON
RRICOWTOMBEA R T 26O T, FME R LB PN HIRSTORF O LB Z RIBL TnD, 4 D
D mES DIy O Tty 25— FHIZ LT TR 328, CMOS Hilt& sy /ea e —4
T XTI FxILDHE 30%LL FOUGELNER TERN, BELL, TRAX =3ROGO EEEFLEL T
B2 ALERICH U TH Y B H Tl CEDIDRT —F T/ F v & liHZbizi-T &0 1 Ya—dHizh
DEFNX RO IVENNENDOT 7 o —F N I=bSNDHZ LT DTE5HT

ITRS i%, Zhbh, EELOFH RPEICIE> T/ X — B3 DI RITE A Z2H TT0E, i)
NEETHTRNANX—~DFT v L U PICEHEERFEREL TS,

HEZEM B (EMERGING RESEARCH MATERIALS)

T SARRLHHATY OB ERD(Emereging Research Device) # TS AL TUND A, Z DL I3HT
MBI A Z L2702 A9, T2 21X, T AARABER, T A A O AR, Ry N—Tay
(passivation, 7 /A A& FETEVEAL T D728 | HEZ TR L 720 | FFE DO SRS L CEVLER L 720 3 5 8:0K)
IRENTHBIM B ME DD, BT BE~DERIZHEL T A ZLH AT OMEE A LARIZIE T I RK
FLTWD, ZD728, 2005 421X, ERD ERED T | FrifsRkE L (Emerging Research Materials, ERM)
DY T 7 N—T ARSI, ITRS 2007 4F121%, ERM Y7 U —% 277 )L —7 X ERM DT —F 77 )L
—NCHHE LT, ZNSDOTREIERIL, 2009 FITITSHICHE K LRI 72840, A2 L7~ ERM (Emerging
Research Materials) D& L L TARIN,

450MMEED VYL T 2 N~DFEIT (TRANSITION TO 450 Mm)

450mm [EAEDY = — \~OBATOFRBEAAR LT A FEME M _EICHY, 2, 2—T OIER| 0 FEEH F B
DIHLD—D>ThDH, MOFEIITHER72NELTH, KORY 2 — OB AIZLS>T, 1'EFmmb7zhoL
EHRE g O Ea AN YIRS H LN TES, ITRS 2007 FERO T —R <y 7 OVERGEFRIC BT, #R5%
FHYE £ H-3% | ISMI (International SEMATECH Manufacturing Initiative) 13, ZEBEMER] DR R
— 7 AR T D701, EERRE T 2012 FEETIT, 30% DT AR E 50%DAEY A7V ZA LD
EEEN T HVEDN DL LM DT T2, ISMI O BARIZEAUX, 450mm ¥V — "~DBITIZLS>TD A, =
DN AIREE 72D, 12721, IAREIBITIE E DT = — AR RICB WD TH RSN TE2, AL
A LDWFELH 272 BIEETH D, 2O FARIE, 2007 42, 300mm V= — RO RIET A L TOWREN
TR E A REMEIZ DO W T O RNADB MRS ILZ, WibidAH”300mm Prime””' 17 J A[FRETE: 300mm V=
—NDOFRGET A TOAFENR LA RIELIZ 70 T LT, S A7V 2 A 2EEIET D ATREME 1T H D05,
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L—=T OIEAO R U RIZHES T2 AR R TE RV EWVIRFHE R Th o7z, 208 E2Z 1T .
ISMI 1Z 2007 5 7 HIZ 450mm A =27 747 &Pt LT,

Z D%, 2008 4= 5 A2, Intel, Samsung, TSMC® 3 1 (IST) 1% (& & - M ELD) 7T 47 | ZDfthod -8
IRBEHEGRAA . ISMIEEHIT, 450mmBARBAFE L, 2012 A= Tl Ay b7 A (pilot line) Z1EHZ L% HIEL
THEFREF LT, AREPE (full production) |£Z D 2~3 4EKITTEDLELIZE, ZOAFENERLT BAAMT
B DFEFIZI > TEEIND AREMEAH D73, ITRS 2009 FE R OBERE S ClE BiD 3 tEoitekicik->C
WHEHTHD,
450mm & fif COAEFESLD EIFRENE (IO Ay hT A DA FERE ) L DX EIZ BT HiLn D =
EREASOBITIZEL 2 T X TOHMNHIFRE OB G2 R T T 50O Tldiad | HEREEORIEITKTT
T 5, BATHROMEN S LS AT 5121, Lo T N a—F =AU R FEL T HUT 25720,

o MEYVTIATONENOTHE, TuNMATEBEO FEY T TAT OFHED ITRS (ZIFEHALENE
IPILTURUN,

o T A—IONENGTHE, EERLMBIIFFED RN EL TR EEZ T AU ERHHT
ETHD, 300m LIGIZAFEMER B ROABITSEFES IV, ZAUZiE, 40 BR VLI EICEZERE N
VB TH-T7, 450mm LIG0NRE IV DT D e /W FERAL DO 720 O & HAIL, Ik
L ZLDOBFNTESTENENRV, EHIT, FEHER LR EZEICANTZREET VL 2012 F2
450mm ~DAT OB 2B LS FR AT T DB O DOASMI % 2007 4RI [FEEISKE S TV)., H
BOEIEDOHIMHID T IR R DB L, L3> T, 450mm DA PERHEEOTHIHDOND
0O EE L AN RN IER B O R HHY | ZOZEDNEE ST T A O F AR DI E A~
BB E R AR LD 2N HYH 5,

WEOHEFEHRLE, ZNENDT 2 — NP AXDBATIL, ZNLLRIOSE LT B> TNHENIZEND

M5, 300mm Ve \NDBITORIL, ZOLEWD T — 7 (13001 & Selete) 23 pE A 2RO EVAH

HHEV—RLIZEV) HTCh D, 2V —2 T (DA 1LFEFER A~ THY, 450mm ~DT =—~~F{ED

BATOBIZH Z D T RIS NS, SEMI O£, 300mm 7 = — FHESOBITICEEL TAE ) TH -

7o ZOEED T, AR COREREE D52 BB R SNDRNC, [ ER72ERE ) NFEER 2R TH

BEINTNBTHD, KR, BERT2— \RIEV AT LOZIT ANICAETHIET, EEITIEANIX

MBEE T 22N TE, TRTCOVTITATIET = — gk R—Fi% it =R A X0 T4

FATA ORI T R HEEL , FOUP /| A — " —~v R HRUCAE L, BIRT 2T X COMENRKREIC

AETAHETICL. BERICOI- 53RN LE ThoT-, ZOBLEBTHE, 450mm D7 = — N~ iE~D

BATIZH T2 TiE, 300mm 7= — Ok OFERELAEENR T TITK TLTCOWDDITHERIRZET, 2ok

a7 EZ T HIENTED, 300mm Ok BB LTI TIZZIT AL TODEATTHY . 450mm

NOBATIZHT=> UL, ZO/MEENMERTZT THD, Lizhi> T, BEWEEIZEIT2RYIE, 300mm &7

=NANHESNOBITOLE I, 450mm ¥ = — N HESOBATOL AT B 23 E< T T,

— . 7 R av A (FEP) DV —X 27 7 v —7 1 IEEEr—R~v 7 Z& B2 (IRC: International
Roadmap Committee) (25, [SEMATECH/ISMI (24> CRERER N 2SN FESNTHDLOD, o
HX LT a B AL EIZOWTORRBERE CO B EITZERIN TV, To— G A—D1%
2011 FFETITHFFEEEFED B BT BE I CRAT 3D EHEES LD | LB E L T, 300mm 7 =— DILHIC
I, ZOBATD 7 4212 300mm U= — PRI A— D O R EAFEITE DAL/ oT, BARENL
AiERUHETe 5L, 2018 HEETITIX 450mm TOEFENIBELZLITRDHTIEAD, EREREIEA— T
450mm V= —/MILHHEEIT 2014 D 2016 FITREBATT AR, ERLIE B OBRMIE M BT,
SEMATECH/ISMI 1Iffa A— B EEHIEE A2 D T D ER DS, 20780, FEP O3 a7 x— D

2 2008 4E5 A/ 2008 4E 10 A DISMI Symposium /2008 4 12/ (Z#EE THIES7ZITRS IRC (International Roadmap
Committee) TOISMI 450mm  Transition Purogram Update
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7 (Table FEP10) TliX, 2014 FiZ DWW T, ZNHOIH A A T3 A A ITL TS, ZHUE, IST (Intel,
Samsung, TSMC) 3 fl:& ISMI @ 2014 FFEO EFERFHNTILD0H LIVRNWIEZRL TS, 2, 2014
FEORPERBOTREMNZ G ET DL DO TIE/RU, ISMI & IST3 #EN R LUIZGHEEEELD-DDT = —
NEGEE RO RO AE E T DL ERDH D, ITRS 2010 FFILGTOIERIEEE ITRS DU —2ray 7%
HL, (Tz— BRIV O) IR DT =X EHET D,

RO AEREZ . F72. SEMATECH/ISMI ¢ NGF(Next Genaration Factory: & X T35 077 A
1% 300mm XA E O EED I THDOTHAH 450mm 553 E (2 ] ATEETHY . NGF 7177 L0
HERELEETHE, 450mm O/ A1y b7 ORLEILEIT 2012 F025 2014 FFITT CTAFRIREL /2D E
ITRS DFEFEr—R~> 7" Z 82 (IRC: International Roadmap Committee) 1L 2. TV 5, 2014 475 2016
LB DA FEHILOILRKIL, 450mm V= — N OREAFBAEENEIMNIZL> TR ESD, F7-, ITRS/IRC
IE, T NEREEN ARSI LG T 200 TIERWEHEEL TD, D FED, HARES =R
(ZT=o T B OSN3, 300mm & 450mm D J7 DA > TGS D72 A9, LLAT, 2001
b 2003 1L 300mm V= — DN EVFHITHY | 2oL E# T D 2 DO MIGE T
J& D4 @ Be AR ) D/ N—T7 " F T 180nm 75 130 nm (TR ) IS5 L TWA,

E5(Z, ITRS 2009 4Rl Cld, 450mm COEFEN FIFET VDX (Figure 5) #7218z, ZOKT
IE. BTLODR DO = — \NEASHABEIZIE 2 DD S Tl — 7 CRESENT-HHNRHZEHRLE, =
AU, 2001 4235 2003 ARIZHNTF T, 300mm ¥V = — DN H _ERSVRFH AN EE 95 2 DO AL (M1 (5
T8O 4 B ELRRE )N —T T C 180nm 2>5 130 nm (ZFH ) (2% G L72EWVIORRER (ZHES VT,

Development Production ]
L.’

Consortium Pilot Line Manufacturing

22nm (extendable
to 16nm) M1 half-
pitch capable tools

Alpha Beta Tools for
Tool Tool Pilot line

Volume —

IIIIIIIIIIIIIIIIIILIIIIIIIIIIIIIIIIII’II_IJuu-Illlll

32nm (extendable to 22nm) M1
half-pitch capable Beta tools by Production
end of 2011

Tool

2010 2011 N

ooz |

Years

Figure 5 A Typical Wafer Generation Pilot Line and Production “Ramp” Curve applied to Forecast Timing
Targets of the 450 mm Wafer Generation
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T H TR E (GRAND CHALLENGES )

HTH T IN THE NEAR-TERM ( 2016 £ T) ERH FHILONG-TERM (2017 ELL5)

W22 (OVERVIEW)

NAERBE S ORI Z2WF ST 28 DR IC LD | BRI b O B E AR s T e L AL T0ND, 7Ty
2 AV DORGHIMEIL 2010 £ £ T 2 A 7/L TR ELEZ . MPU (3 2013 £ X TiE 2 9107/ Tl
LA HETe, DRAM O~ — A% 3 HEH A7V ThHDH, b DO~N—2NENZ I DT80 | 11
i/ —REVOFEETIL, bIE0, I EfEICER THIENTEZ2W, PIDS (Process Integration, Devices,
and Structures, 7B EAL LTI L —Tar | FE1- AEE)DOFETIL, MOSFET (MOS HUE RN ERT LA
%) OPEREZ ] ESEDT2DIITEE ORI HY | ZOR I Z /ST L /L7 A (Parallel Path) &FEA TS,
MOSFET Ofi&EE L T, “Him B OpE R D N L7 Fob > MOSFET (metal-oxide semiconductor field
effect transistor, MOS RN NTF P A%) | Fin-FET 728 D LI — M EFF> MOSFET, SOI
(Silicon on Insulator, SOI) 4K = MOSFET 2MiEffi&7a-> T 5,

ITRS HHRFRICADD2OHY | PEEREL CMOS ik O BERAIIR U E K LIZC D=, LT OHE e
BAZIZZ L OEMFRED RS TD: RE—U TR, Jesmb R, FRICIE iR FEIC BT ET U=
TV 7 RV —7E, BiE7 o RO H#E, BE rTReMER S HAMEREIX CMOS IZHTIAEYFE &
WE T DEED SoC HAT=> SIP £ A3 do IS O HATIZH A TWD, ZO X7 E I8 R EFED
IR EICES TRAI R Th D,

% ITWG (International Technology Working Group) {3 [ K72 H iR | L L CROFITEEDH T, 2D
HEZL (Executive Summary) (Z5 672, AH (72T (Grand Challenges) D) 1, FAFREDS H
DEEREOEIRA T, TNEFLIRLIZ DO THD, ARHEiIL, Ftd D EEENFREO ARG A HTE TS —
BhlienZ b ERL TV,

INHOFEHER RS e BRI ANEEEWY | REOB AL FE LT, S5, T
(2007 =225 2015 ) ERIAY (2016 25 2022 ) L) SOOIy 1T Tk <5,

FEHATH  INTHE NEAR TERM (2017 &£ )
8B _[ENHANCING PERFORMANCE]

a5 NA AR —Y 7 [PROCESS INTEGRATION, DEVICES, AND STRUCTURES,FRONT

END PROCESSES,MODELING AND SIMULATION, AND METROLOGY]

7L —F—CMOS DA —V 7%, ERLMBEIZEEL TV, 7 —Ma&EO MR, 77— R O#E
AN FE D SR AL eV o T — R IR A — D o 7T IR0, PERERCTE B B 06, o SR B
KA 2SI TETCND, A=V T OREEFTIET HT-0121%, 7 e RGO tE Ak L Cd<
ZETNZ BILWT AL AT —F T 7 F v —DFEANIHHA L, LM B A E AT 52 ENNIELR D,

HHTHITIL, HP X° LOP /XA AT high-k A%V —NHKMG)2ME DD 121CH B 59, BRb
LR B (BEOT) DR LI L, fcb N2 CTh D, 22nm RLENLUED T /SARXTIE, g oA —
U7 BT, S Umchigh-k REOSE A, EOT 27—V IR ICEEEE 2 5TV 5, high-k £
BHI, ARy 7 Far Ao 72807 — M R VETRBEINT 5728 7 /3 A ZIZfEH FTEEZ: high-k
MEHIERDALD, £ D high-k #FEMEZERSG E0, BTl CHEE T 08 E THD, I BRDOT AR L
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RHINTEIZAAMIX L Ch (L SN 52 RS — RAZ I HEIE DM BB L 70D, TV it/
RV AEER, BV, ROEEEOE T — AL o 7L L COREZ R L TE 0, Zhb
high-k 7" — 2% ZEHEF~DZEH |3 MOSFET 77 /0|12 3B\ CRRE S AR I AT TO R E 38k T D,

71— —MOSFET TlZ., >a— ¥R E2MMzA-DIEm T Y VB ERNELR A 2D
B BBEOHLE) — 7 BINC LD S OBIINE DR —R A7 L7275, BT 7 SA AD LM 1
DI=DIZZDF ¢ RNV RE—EL 7% NS ELEWMEIELOELBIINL, BIFEE DA —U 7 b\ 7= [F
BAHIHEL <A, ARRAEEL T, < /5"~ MOSFET(fin FET), BBR 7+ FD-SOI 722 0#i L1
PNAAREHER SN TS, ZHHOFHLT A ADRIL, I MOSFET OBEOIFL>XHIHTH
Bo FEFHRY AT BT =X T/ F 2 — OUHLIET | ZNOOBBITIREED TH LB DS,

AEYT INAAR—Y 7 [PROCESS INTEGRATION, DEVICES, AND STRUCTURES,

EMERGING RESEARCH DEVICES, FRONT END PROCESSES, MODELING AND
SIMULATION, AND METROLOGY]

FEEIZRBIT DM BI72 WO FZEB I D . A=V 7 DOFANECWANWAIR AR — 7 RIENRH -5
TN, BATOEARNZRAEYEL T, BRI L OYRE#HAID DRAM, SRAM, NAND-Flash, NOR-Flash 73
HFB, B—R~y 7 table IZHHL TWD, BT, BAEEME TlIdH 205, HLWAEY EL T U a /bR
| %Al B/ R Ak B/ 2 U 2 U (silicon/oxide/nitride/oxide/silicon (SONOS)) . FeRAM(ferroelectric RAM) .
MRAM (magnetic RAM)<CHHZE L AEU(PCRAM)Z 11— R~ 7 table (ZHg# L T 5,

DRAM OFfEEL T, @i A, Y — 7G| RSO — FIRE Y MR B OB ALY | 27—
V7T NS NDETET ¥ U X DR EIER Th D, HIA DRAM TId, high-k I FF /o281
D SISz /mF BRI VN EWITE T OWEITBALD, £ L T EEMRMDOAZ AL 2007 F12,
SHIZ 2009 FFETIT high-k %V 72 MIM(metal/insulator/metal)23 0 B2 L7022, ZDELX MIM CTffioind
high-k #4BHE, 50nm LL F oA T, FFERIT 60 UL EXLETHD, SOC EDOJEH DRAM Tl £k
[ZNT CTORBBENZ D, TEART REFRED — DI aP I T NAADAL H IV — )V THESNTZ AR 7
XY/ Z B DL HTMZDNTDFEAR L — L OEEEMENZET HND,

AR XX N BN D 6F2 (2L, L FFy v LTI ERE 8F2 T, hbiyF DRAM ~O
high-k DB AL, AZ 7%/ 210G 2-3 BFEEND, N F Xy L ZORr—U 7 LTI, 3D
TVARNT P AZDEAD 65nm T TFHEINTND,

7Ty a ARV OZERRLRITHEN, 7Ty 2 AT OM B 7 2B AOFREIZE SR E» DL
NI oTe, ZOREIRT Ty a AEYDPLK T, 77wy 2 A VTN THAMT-OM BHE 2N T 28 L
WT 7 )l RTAREIRN D055, EERIZ, NAND FLASH OHAL /L OF/MIT ¥ F iX DRAM O
12 B F BVl TWhD,

FLASH AEVORBEEL Tk, A7 —U 7 ANZEMETHIEN TERNW N FVEBLIREE A 7 —R
UBIE IR | RO RHE, B E OBV ORERT M O RESINZET HIVSH, FLASH ATV T /34 A /LE
INPEZIA LB EDIRBAED TITT2012IE, A 2 —RUHZEIEC R RV 2 L0 D LB
HD, N RN LT — 2R FF D BIIE BT R ERH L, EXIALTEED LT+ 53E<
TDHDMHENDD, oA F—RIMEEIZOWTHT — 2RO B IIE 0BV ERH L, 7V
T AR T HT-OIZIZES T O ER DD, IS, WEkO7a—T 1A 77— Ol IZ =z ha— vy
— R OIATL Ty TV T I EGDREEIL, 7 — MEE Y T O /MW EBAR A HEE /D, £ DT,
2010 4EFETIT high-k RO A v 2 —R Uik N B 7V 7 R O DM B L 72D, 21 FLASH AE
VOREBEIL, LW AEY  MRAM SPHHZ (L AEY, FeRAM CTHEELCHE/IMEAEITOSR A OFEETHLH D,
2 1E MRAM DE/LH A RfG/Ne EXIAL TRV X —KF O FIENE R MWEIZR->TLAHIERR
FeRAM TiX, B/VIAME, 1B LAY AXOM IMERREIZ /2> TLHZ L7 E THhDH, MRAM &
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FeRAM D OFRBEEL Tk, oo v 7RISR DOETZEEDAARNTH A, FFIZ, N7 R TENZ
¢ MRAM &HX FeRAM TIIKERMHE 2D THAY, £7-. 3D (/LD ED X, EHTE EW7 4 Bk
BRItV CHEERMIENETREE 2 N5,

EMERE, (K2 ANRF & 70 /I ARV 7 )V DfER 3% [RADIO FREQUENCY AND
ANALOG/MIXED-SIGNAL TECHNOLOGIES FOR WIRELESS COMMUNICATIONS]

10GHz LA FOMERRNT L3 — =0V T SARITANT D, FleT 7 /a P RTA30F, AN, HEE

PERETH D, high-k HikxESLCTF ¥y ANV B V=TV T EAWET 4—7 %7371 CMOS (2X%
10GHz UL F DI ABZR Tl 7 AADIAY TR0 1/ JARETFREIHIZE T AR M ETH S,
HBT S A 2% W=7 U — g, it MO R r—0 o Z e 0D HE RN b HEE 2 Hb,
MIM F¥ /32 TxL, JDE Q 7778 —% R OmE E TRV EM TRV Ny 7 H - Clik, il
B2 W TER LT 24BN H D, MEMS BIZERC ST ICEBESNZ MEMS 04 7 F o7 D30y 7 Ry kU
—ZIZRANTUE, VAT AEROVERENEE L2 D, VT SAATH, Si LSO GaN T/ 3A ZADBHFE A
HELRD,

BIREEMESN TODITHLEDL T Fo 7 BMEMETRD | BERBEED 056 Fy 7 oho
TYHNET T T GIROAR 5 BEDS . RERIRE LD, BV T RN 25 a L T/A X
ATV T e g | ST LR LW EANC I ARy TV T oD e TR E 2D,

LW —h 2 &7 7 2B IO E [PROCESS INTEGRATION, DEVICES, AND

STRUCTURES, FRONT END PROCESSES]

PN AR TREIE N T B REIR T L — 7 2)L—E LT, 2008 fEIC~ A7 atyt—D7 — ik
MEREACIED D ILFEERE 20 BEDONN—7 =0 AR MEFE A~ E XX G ZEN T biLd, 72, 2008
FIZITON B P BUCR =7 SRV SV a &t 7 — e Z AL DI NT 2 T VT — 7T 7 I a AR
7 —NEMICE XL HILTVD,

7 —R<vy 7 T, 16nm/—RFDEOT (Equivalent Oxide Thickness: SiO, 45 [5/E)7% 0.8nmLL T, 16nm ./
—RLABE T, EOT0.6nmEL F O L E72> TR, ZNHOER LIE FFRICHED, Kb R EER R S 7e
S>TWD, High-kHEHE LTI, S Var EE . RS8R DNV R 7By MR+ 31250, FEROE N
FrEIR LB THY, Fimfg s L QI WER LIS E THD, 72, 16nm/—RX° 16nm/—R LI, < /LT
=D — R AE 7 TORMENIRID . F—ERDREDOOEDTHD, FIZFREEL T, high-kfEET U
2 RO R E G DOAr =V ZINE T oD, 7—ar BELeE— 7 4 /AL A B B E S (b
2T 27 DA — U T E2ITHOVEN B D, high-k-0 S i & O @& i B AL DS IR EETH D70 | Ge,
SiGe, HI-VIEIEMR LWV ST @B BN EMEL OB AL LE L0 AS, BT, MEE(N— R 7L — o270
IINT V= H ) NP AEHEME(F X — T 7 AR FE B O E M) E Dhigh-kIEIZ 5 H1E
IR Y A DA B N O S YA AN

DRAM OFHLIZIE, T —Z & RFFT 2L WVIOEFEMEO IS, FREAEIL, ATV b T
#, 25-35fF IR DO MEER B D, FDT-8 ., 3D ATV AEEEZER AL, Thad FEY L a=r ARk,
Z B VIRALIE, Ba/Ti RIS HL high-k 55, g0, 2 bELA G DR high-k el KO EEE
O @RI (higher-k) 23 A § 52812725 Th A, 45nm /—R LA AUV OV —78EiE 1 'V
WI=0T 2 BN T T (AU E TSR D, ATV UL, B LR < 3ALLFICT 54
ERHD, ZOZEN, DRAM EHEHL TWARERFED — DO THD,

— 07, 7Ty a AT T, b EZEA B EDIREIEALDOT=DITIL, A Z—RUEBBILIEE R LR
(BRSBTS, o RV BRI, PREFMEREZTN 72 T ITIZO AR | BRI IEAR6T 1H
£/ EABERGITTHIEHDRRE ., HE72 TR o2y, A2 —RUER LRI, (REFEREE 723
(ZIEHHREE | JEL 2T TR BT, —EDh TV T a MR T HITIZH LR 72T TR B72 0,
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O —RAT7RHHUEZ 5 TR, 77y a AT b A CEH BRIEE 3D MG OB ANNELR
S>TW5, BRMT7 7L LT T /iR e g Eglc o —T 40 7 — N B ERZ DL TR —U 7
MEETHEEZEZOLNDLN, ZOGA, FhoeimtAH L~ =20 R UNSKpo 2oy 7 By 7 &
DEAHEFEL CHLZENKLETHY, RERFRELL->TND, ZHUL, AN —IZEZLNDLE 2 10
AL F L7225~ F L ULt/ L (MLS) CLO REZRFREL 2D TH A,

32 L 2 NMA—TEF [V 757 4]

32 nm N—7E YT L, KIREL TV T 74 FROEW S DEETH D, KEANSD 193nm iKim 7ot
AlE.NA ORI T 32 nm ~—TE TG TERW, L, ey T X, ¥ TN —=T b
WL ZEHBERICES T, LORERE Y FITHBITELN, VYT T T4 OIANIURIE (512705, EEN
13.5nm EKHRIRD ArF =%~ —H L0 1 /WS BEUV YT 7 413 5 —T OIEAIZED 5720 D7k
— 7 ThD, 1lnm N—TEyFIEKETIL EHBENLAMNELLRW, fEREL T, &GHL—/L O RITA
72725, LInL72i30, EUV VY7 I 7 41 3E 1 CEsh=72 R, ML VAN, R /e m P~ 27
BLOBHEA L 778l 2> QD ~ A7 DREESZRREL, % FHHIRZ L, EFED H HEZETe Al
REMEA LD COVDLEBE TR~ ATV RV 7T 7 4 1XBAR OB H D, mPEFSOREE, AN, KA,
ERHDHOEREE 2L TLUAMIOWTIEA % OBR N MR L Ch D,

22 nm N—TEF DOV T T T 4% LT, 193 nm KIRIZAF v BIEELF T NN —= 71 I
T 12K Z72 MEEF(Mask Error Enhancement Factor), 7= —~~ LER(Line Edge Roughness), Z L Cixal/L—
JVHI RO 7= D IEA T UEE Y, A — U T pEEE T B PL BB A4 TH 2 L TR AR TIEH 58 LR RE D
WSONTIRSEAHZENTED, EUV BIEEEE 2V CUE, NA 0.25 T 32 nm hp 242 35 kl 7774
— LA k1 EZSH72DITIE, NA 1T 0.36 JORELZ2F 67200, Zhud, B 23—k
DOEMOAIREMEZERL . ZIUCEV AL —T Y hOIR T2 5720 OFEIRO H ITHER RO HIL, #R5H
PO R THELLIRN, ZEETFRYAILV AV TT7 015, ZORE R TIEEV BRI TODA, 7 —
P ARXDT 4— VR THRUIZE 7BV A HERF T2 410, B — A0l Sk, HDHVIE, RERWHIMEE
B2 nuid ez, LRI DE@E T m ADaAARNR~ A7 &2 WD ICIEE DOZFILERIZED 7
YTV CHERBATEIE, Vv I AT —DT 7V /7r—a Zx L CbIRFE N TR EDOIT AL/
Do

<ART [V TF74]

< A7 FAFEIEF SN CTHER I D72 b D Ep > TE T, v AZaANIHREICE L TETWD, LV
i £72 RET(Resolution Enhancement Techique)lZ X AMAILIZNNZ T, MEEF DK T~ A7 D~HEYE)—
YD PR EEL 72> TS, “HEL TEZE Y — = TIZB W UL AL E R EE~DE R AL,
N ARY DINE— A ZXDIE NS HU BIARTEE K OMR S IR D288 %52 15 €| REZ SH I b T
%o EUV =273, MR EE AR ~U 7 VL CRROL T DL o7, SHITHLWESR 212 TV,
BN LD~ ATRE B L OREEIL EUV VY7 I7 41285 TUATHD, BUV Y ATAL 7T DR
MHEPEZ TV VS 2O RS TS,

VIUANIUY T T 4]

7 4K ARD LER (Line edge Roughness) (3328 HIIZITE DRERHEE O EEMREL TRV, ~HEIZXS
THEEITLV NS ZEIREL I TET, NI —UTERDO T 2V 71, vay b A RN E/ R~ T D,
B DL AN E — L DRENUL, EDT AT F % 2.5 055 3ITHIRT 5728 AT e eV
LU ANMEE O RHEIZARI L T, IRV Y 7T 7 4128 W TE, LY AMAEIOBI3EL T, LU ANER
DARKFaZ RFELZR T AUER 5720 ) 22, MERBIROXB72 5| [RE £, EUV VY7 I 7 0280V,
CANPEDT IR ANT Vo — N KR VG YT 2N D35, LFEMEDT= DD EEEL 2k
JARIZR T DI K LER EVVAH R — R A7 1L P ARD A SZ — AR LSV A 7o L 72> TUND, B
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FHRL P AMIBWTH E- LER E[AAR, REL  av A RXDRN —R A7 N TH D, BFHBRL VAR
BIFAEEDOERIT EUV VYT T7 4D IR VIR TIZZR W,

CD & Lere DHIFHI[FEP, Lithography & PIDS]

27— MR DA B £ CD (Critical Dimension) filf#IZV Y797 4 —BLORIA =y F L 77
2B AR T DG N LRED — D275 TD, LD, ET v RV EEZHIET 572D I U ARRY
T eV AR T = VTR (Profile) #il#H2N WDV TWD A, 20721 CD HlEIEHICEE L /e>TWD,
T MRICHLUTEFRSND 30 [EH0&EL, VI T7 47 m Ry T 27 7 e AR T 2 il
NDHN, 7B AFREIZEDLLO T B A THRRUCIT SN TS, RO B AIEZ BT 2% 5V —1ic
B9 AHIIEE LERD AT LN, IO A7 —F7 L7 CD HliH%E A HEIC 95 5 1EE L CERIC /2 ~7-, LER
(Line Edge Roughness) &7 /SA R LH DX ET HEHE R BRI /2 o7z, FHUEIIC 31T DR B L AL BE
HEJIERICEDIZ, LER OGN L7 oA (myF o 7LV T 57 4—) O BB F IR E CHOEHT D,
B2, LW —MAEERS 3D RV VAL EANTHZ L0 b b @I =y T 7 7 a2 AR
F—/VIEIR G B D R M BRI L C, IS O EZ R T DXL BN ELDHI LTS,

HEMLEFBEROERETE I HHA B OE A [BLAR B ]

15 BB DIZIEL B S OIS B A i/ NRICT 572912, 130nm D EF <~ o7t 2 bEEE it 4
B BHARTES EEHEF I EA I TETZ, 45nm U TH IO (K7 E R MEF I EAIILTND, #
Z 72 W ECAR OB I Bl B 78 & S pE H AT IS HRER Ui 1T T D, AL R ONHERR IR O 208 72 857 A B
DEA B ERIERNZ /2> TD, Low-k #EfxBEIZIBWTIE, BEFOBHLAIIFEY =T ADHR—F A
Low-k M Bt &8 A 42 F1EThn, =vF o7 CMP 70 ERATO k fEOIEHIZEAZ A—V1%, JoR—F
AT RN D e E T FTEHEIT/0D, T OBVMAITTT Xy 7 Thd, ZIULFIL Low-k #EHE
HAWRRodh, =7 Xy T ORFEEHCT ZECEIFBERE TIFHIENTE, I THD, =7 vy
ThE TR 2 IR O T, BB D WIFERIMRC IV BT A E 2R T 20K AMEO NS D
ETHD, IHIT, Low-k MEHI, AT o lr— 0 7 R0T v 7V —IZHlit 2.9 D T 50 7 AR 0 5
DLELTIHD, AFNMAZIBWN T, Cu BLRRIE OB LIZLED Cu ENUT AV AWk IEE S O S,
BLORIR CTOE T HELIC LA BB LA ~OX RN E BT/ >TD, iEDa 74— L 72K
REL YT 22 L AR D EE M EZ EBLT 5 Cu bDA T 7L —a PEREIN TN,

FOAR D B EE AT ~ DB AE A (B AR BT ]

HEMELE Low-k MDA T 7L —a 03, Mo ~HE, FimthE k OE BV FEO ZR A 7= S a7 b
2N FRCRIA R R 2o by F U7 T 7 ANy B TOMEE TRRD X7 A=V % B & 2T
DT aEREDBEEDA LT 7L —a BT, BERYZR R EE | 7 I VI, I EVE B AR e
723 Low-k MEIRMETHD, Kifa, 1X52E, LT ANIEFE T 0B AL ST DT D ITHRFT
HThDH, IHFEDORLAREMNT T, 7ERDOTIEDORHMI L LR EE D Z AR LA 19 T2 RIS L DO W 712 F
WL ERE, 2T —  (EHEME O BEICEVA TS, SHEOBGIEIZ BT DR B D O B LA Tl e
T ZEINTERNZS | FelrlZ72 5T 3 IRoehL#R (e’ F O Ua EilEE 7 =TSV, Through Si Via
=%Eie) R0 T Xy ZIVETIZRWME BniBIE, Bilc ket EEDOFIE, ZHETITRVY B
HOHT 72 TR W T BT SR ECAR 2 E OB LW IR R I CWD, ZHOE 72 5 il A FEBL 9%
72D, e AL T L — gy CMOS EO AN GRS, TRIATEE/RET V7 KO
FIEOEIER G OY — VO b Vo Tz, BB EHARICHk T Z &7 %,
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HEENOEBHE (T A]

IARNNERD BNF v TR0 —UnbOENT IR ORRRICEED IR E > TRIXWIZ 25, 12T, AR
FRCNT D AREIN 2 (FIT72 5720  IEEE S OEHIL, TRTOIAS Iz TEERMETHD,
HEEHOEFOMEITEBOL )V BRIV AT A 3%, 7oA MCE 208> TR EN S48
WD, VAT LOBNWRE LY — 2B EE AT RIS HEINE LTk, Bk vdd, Z7ay 27 3Bl Okt
D AT 7 BARDOT —%T 7 F ¢ I Vt, T /L DASAT A, T I DLy MU E Wi
5o ZNHDOFHEDEBIZHT-> COEMRBEIL, VAT LR H~OBERELC, W E KLt AE
HOXIXIE TEDLXFETT)DT=H D CAD ¥ — /L O 7t RITE 2D | F7o, [FIRFICHT LT /3o
ADT —FT I F ¥ ~DY— 7 MEREERICER S ID,

(160GHZ £TO)E A HBRDIZDDEIKER LS AT LDET VT

FEHEFRI) (non-quasi-static) B R . Tt /A X mJEW /A X U JAX AR ARV ADL AT I MKSFE %
LT, HAEMAREDIEM TR 2ay RINET I ZIE, EVDITEETHD, 7B AREEDHNIT,
02— UG 0EETa— N ED DXL NG I 2 DI OB D EHEE R FE TR
BENCBIEET VBB THIEDNETHD, T /AALRBE O B Nekdift, 7 atR/T AR/
[ 2l —ar DT, FEmICERE 7 ny 7[RI L VS 2R — N A2 MU ETH S, T/
V#7-, CMOS, &iiE HV) FE I T25a L I METARMELINTND, ZEIHE T (T2 13T
B AVEIE— EEEA S AR NE R, BEZ T BER) O RINET ARMLELIN TN,
ZHL7z RF BT I RET NV OTA=24hHE, RF JIEZH/NRIZT L0 THLENREEL,
77GHz O H# L —% DI H7 RIE) 72 RF & H1E. 100GHz fEIk 21735V Tub, 40GHz JiHTh, 3 IRD
B EDOEA. 120GHz £TOERFKRET V7 NGB THHZ LB WL TS, V' a— L7887
ETVCTHEETHD, FlZIE, 7uAN—7 EMRER AR By 7 V7 = rha~ A7 —ay
(EM), BABIZNW R EMZEI LTI THD, ZHLTIRIE T my 70, Bl XA, o — VRO BEER %,
Hipole w87V 7eIalb—ar LUV THI, B26L Brolc il G52 LIk T
SoC & SiP £ FE 72— L DAl (heterogeneous integration) % X423 55912, CAD V—/L % S5IZ
HEREIERT D70,

FIEEDT DT RS RADET Y [MODELING AND SIMULATION]

FetERD7s USI 1 1 T T A A& DR 72 A — ) 7 DT IZEE TH D, VT =—/L<° SPER [
P O LIE AL DARED T- D IR F N A ZEN SN TWD, VT =—/L=° SPER DLEXDR
— XU NI AE AL E X A= DN T 2T V7 DRES I ETT N /NTA—H O IEMEIR R IE DS L
Thb, SORDBENE D EOTOITHE 2 0 TF ¥ MBI R M L7578 | Si, SiGe:C. Ge, SOI, =t
J&. MR T A B A a4 72 Si N—RADOFEMUH LT, ZDIHNRTT I T NLIELIR2 D, ZDIH7
TFVZNE, HIRE TR IV DRI, HVE A (co-implant)é AR AELE, FIEN RAG T FIE DR B E
TR AZRBIT AR E S e, AN E R OB EL MBI D, XAV EROT 20D 5 FREOF] A
DI 72 7R A DT TV T INMBELIR D, SiGe:C DEHRTEXF v L7 av AL, M
EERFF T2 F v RV T ANARRAEND, 20720 RG2S AT 4R vV EREOTT
Vo703, ZDIH7e XX LT OB AD FGEA VIS D, T NAAD BB E 2B KRS E D7D DA
ADJKFEPIZ D7D Tk S D, 7 =— /L F OB TS R FE A LD AN A MO L5787 0
TR OB DAL E & T AN AD LV IEMERET VIS5, 32l —arOET )LEN
FTA=H DO IEDT=DIZ, FHHEAF Ok B/USI2D/AD OR—E U )DY R —=REFT Y 7 /43123 fREED
AR AGHANZ T DMk 72 BR 3D, T/ 3A AT EL 2D MO REISML, HIRE 3 IRITITRDIEN
SN TS, 207, 3D DFHEDORYFRMELIEE | Fric, BEREREZW R T57-010, JEEf7e 3D A
IV aPNBE L2, NV R REIZ BN T, A LB ) 7 R — N RO R A ETOREE 72
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EFTVT N, F IR — AEE IR T 58 R OB O BT L2 D, High-k/ AZ V7 — NI IEART 7248 1k
FERELTHIRFSINL QDT High-k/AX V7 — RO RESCEHEMEDET Vo 7130 THD,

fX=2 X b A FE[COST-EFFECTIVE MANUFACTURING]

BEHEPEPEL I ST )

Feffi A 7 D3t T o fi | Jﬁié%?‘/‘/“z&@iﬁt iﬁ (2720 | B EHEMEEE S RIRRICAFHE 375, 7 re XDl
ﬁ'ﬂﬁ;’i’jﬁb\ﬁ)ﬁ—ooﬂu nugi&f%%“'g‘éﬁ \IJXH-I'/I)/‘j))(/T‘_‘/EI/@éF i%mﬁl‘%ﬁ%rkm
FEOL~VETHELRITIUIRGR, E)’z“niréfﬂri%mib R EFOPHHEZITHOZ LTI NLOREIC
KL THF—LLTCEETREZILTHD, BILINDT T AN IV gy IR T — h_X—ZDHKEF, ~
NFTayOTar < VT4 Bk, 7Tl eIy AL FOVEE DA IR E D, 7°D*1Z;<T§ZTTT47L4’7
NDHERDNR—RZEDOE T, et EENEZ BRI T OEERETHD, K ANMEFEDT-O
ITHLER G AL O B OB 72 R D ERIND, FFIZ, T A ALHDE DM &{%%’Eﬁﬁf\@“z
i/ MuT Dk EE VY7 T 7 4127 L o RUREREHER RV — L O K OIS LT LRI 22 L AT
'7an+0)7<5'4'/1/) TANE ARG (B RAERR G E OBLREE R E,

FANDBEIES [T AT AN EEE]

AR OEHESIT, & FHE T v 2O EAERNEBICAVILA T, ZFENL S BT O DHE0E 2
DOIEERL TN D, EEEOIay EOT NARFEEIILV AT U MRERIIKTE T 5 THAIL, ERITET
LT DDIE (RAJREL EDRNETH) KEETH A, T DGR, lﬁﬁ’}?‘&ﬁtﬁ’éf&;h%éisﬁﬁ“éﬂﬁﬁ)/
77 b TThIL, WSO RE B ER AR SIL, T EA T EbID, T AN RS S E AT IS
TR RLE T BRI EOFEEIRAS, HEARO BB O 53 B I AN E SR Z R T THhDE DD | %
RN T B AR G OMRAIRIK A2 57T D213, BARd A7 VR OBERER RO BN TS, B
BB OSEIL, (1) A%y E BIST O#BEZWHIZ LD BB TR, (2) W BRAY 72 M B fRAT Bl
(3) ¥ET57¢ DFM i DY B 72380, F DT OFT-7pdkiE | FiE, BLOW 7 =7 N EEh5,

BT BT ARDIAMEI [T AN T ANEE]

L—T7 OERI TR RISNAkE T 53 AMERIL, T AMIIZE @Y TUIESR2WO B LI, TANE S
ﬂm;ﬂr@%@ﬁ Ay T ARD I R LTS LT AN TIE, BEOT ANESIHED EALL LT
BRI, RWDIZERTIL ., A4 B £ TT AR AREHERFL T T2, LILRND, BHEE S WA T T (R
m@a@ﬁtf@%ﬂz WREOVERDT- O DT AN, EELMEE R, 2L TT ANESL OB 7R R 72 853,
Gl &R ET ANIARAD KRERIRETH D, Fjlo, T o—T7 h—R&&TeT ARDY — )L ANIERL TV
2O, BLBZDOEFDOR VR 72bIE, AR D REREIEE SOLEfEHIND, HiT /SAARAT —F
%7%%&;@@%@%%%@1@@& iﬁ”‘é EAH RO IX, HAT o AMER BRI RS
TT AR AMER AR A HERF T 572012, BE CTHD, EFEIAND I, Hfr B 5L O A I & e
LoD, ixat, fidE, R0 E :J‘ootovx%@/v/x%ﬂ%ie FuR7enipn, TANEEO T AN B
FLDEEBE AR, TAMNBLI OV AT AMEEMEDOY L —ar DA . T A AR LRICBITST AR
DALET 2 —AN—R =T LD 2L —2a BIOET VO E . ZNHITT AR AMERD 7=
DFT-7RETH D,

BT T BEAFAERA~OKE [ T4 Hefi]

PERDHD IDM G T NAAREE) 2PN LT A AREDOE Y R AT VSN, 77TV A-T
PR Y—FF )L [ "R F T —E T )V KEA R EB OSSR TET LA TR SN R LS, B
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BINHDEFET, ERZALDORNTFHIZ 22 572010, RGO ERNICEREEL TS, BT,
RN RELIRDT NAADERNPE THD SoC 7/ AADRGEIZ BN TIE, Fex VD B TL Il
O L L B A~ DO RE DS . MR DAL 7o TND, DO BN DL IR T HIFD 5, 8
HERIHRENHET YL U VOHH Lo T, T7abb, RS S A MEMIAD Kt e 7
UxT % T CHESE TREISES, HOOETH LW LGOS FIF| 238 0T A 20N, |
FIzH->TiE, THRES AT LOBMER I EE X XD AT LOSES BT B8 2 TV oo, il
O BRFE~ONS LIF A CERTOILENDD,

AR, AR EHE, 7R b= RO T BRI RO T RRA TAT AT R TICER
HFETOEHRTIT TULER HOVIEH T T THER EROBER R IZEHND T TV b7 4 — L0
MY, EOOTEHERT YL ULd, T MO EEHE, A 702 A LUGE, I AMERIZ IS LTZ
TIGORITERE S EENREMEREDE T ULIL, ORI RE AL — 2 a ORI EE R TR ThHD,

BIEIZAREF A INEZALEDRN —RF T BIROSE [T EA;

P AT NEZALETANEIDT v L DI ELTO 300mm LIGOfkEdEFHEEL T, EEDO IV E
SN ABER Wiy AT LD X0 ESNZ 7L R e T £ RERIE O 7L v T DAL,
DI AT = — N ORTERIE O E, IR T = — ~N(NPW)D I A 21T 535, 300mm 2> 450mm V=
— N EAEER A OB NI 2014 75 2016 BT EEARFITAORE B TH5, 450mm BITIE, 24
k 30%& A7 HA L 50%D [RIRFEGEEBUCE BRI ThHEE 2 LTS,

AT HHBFO 3 X FEROMREE R 2727 [Assembly and Packaging]

“More than Moore” 3/ Xy — U 7 Hiffi O 2P 72 AL ZNEEL TWD, #idE, MEE, et R, 2EiER e
ETHELTND, BEIZZLDOFED 1C /307 —ITEASILTWDD, BREEBHI O BR#E K/ S
F—UMEREOSER 45nm N— Ty F 7 aE AL Cu Bl CERH SIS Low-k #fa I & i A4 % i
e F 7O, ZZEUFELINICEDIZHT LW BB S D T2 A9, T /M EHI Sy r— 0 7 OFEI CTH
FEIpRE % BT-9772 59, 3D(3 Dimension)/SiP(System in Package)’ v/ — 07 OFERIL, T 7 FEE .
TN YLy — 07 TSV(Through Silicon Via), S B3 A2 —AR— i NERIER, 7
T O, wafer-to-wafer #5, die-to-wafer #£5  FH B2 E OB 2L T\ D, HEVEH
N =V HEHIICEB N TE, ATV RERLER BB HEO 2R EN =L 7 =7 ZD FH LIRS ER
BESRAEOF LWRAVEEY 37259,

F7 « F o FTEEOERILY Y 2— a3 [RF, Assembly and Packaging]

FRZEE DAY L RB(E T A AT G ORISR ZAALEH NI IR L T, B2 o7 7V r—ar & AT L
FURZM 729728012, SiP BRIz, JLBORE T Ty MR — LG T 5720, SiP Y a—arOft
BlIis x EHE L7725, MEMS(Micro Electro Mechanical Systems)<Cfhod 7' vt 2% H W=/ Q fED
RF(Radio Frequency)7 /SAAILi@ % A7 F v 7 ThHY, IPD(Integrated passive device)l L THLESINHT
EMBLREND, 3 IRTCHEE EAT-OEB s NS 1 X 47 - F o 7 i 2 1R AT 2720 O F B2 T 1ETH D,
(Bl &2 OB Z 4R AT DT & &3 D) 8 L 27 AR — MERNIDIE T 22 8121E, T ¥
A high-k AP BUH ST 4V L R—=ANOA U H T 52 SRR (W O X572 72 DR BB 23 24
EThD, x5 BN O 7 e Ak b2 B 2T 5281, BRI O BOERKZ ATERIC T
HEBERETHD, FRlo o — 0 7T/ T VT B EADR T, TAT A I RF 2a— = 7N HE
PR R 5, REFE VN IE T o AOFNT, FENE LR R A 2L — a0
1, BT AZOFTFAEM I LRI, T AP Z & DR E T VBB ETHD, £, i
DI=H D CAD Y — )L DFIFE NI THD,
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TV T 4T Y=l 27

(LW B LA EH B3 7 A Xk (BPA) [ESH]

FHALTWE . IR, BLOEH 7 2B RO MR TE AT LS. NORERE, 224, BLORE~DOHT-
I ER AR | X ST CRE R R THT L S E ST B AR CEX DD ERFET D7D IS HT LR
ICRHE CEAHIEEVELLET, ZNHDOT BRAA M, ESHEZOHEiL € BTG D2 ENRD BN
TWVWAN, BIE, AT o v RAEHAEESELLAICHVET, 2D LIt DEL T, HERIEELOELE
HEJI(GWP)Z A T 5L L CHaSNIAL W E 2 35 TRNOOHEH ., BEN D\ — U ~D5E IR
W 7l wE T n iR, BELOESHO ZAICHE AT HMICH, Sl EEZ RV Z D7D IR /] K Hr
FMHTBULFIE DL -0 E LTz B2 T B AR NO B R HD ET,

BIROHIHHK [ESH]

PERPEE N R L, E O LR O BB 2> THIEL TITUZ 2T, BIRO DI TE L
LTK, =X — AbZWE .. Z U THEOME A ESEINL T EIZR0ET, BIROERIL, T
FzhaR a ANEI, BEG T, HERFRTREME . U CREEM LB IZBAL CEHEERBELFIZR> TV ET,
L7z o Co RSB R AZTEH CEASENFO 7 a2 B AR TAZENLE T, 77057 —2%
i7" o R E BT A FE . MR A IR B LR —{EEHIBI XT3 Dk L 7= o
IV =2 = ADOBE LRI I LB LS TNET,

BEOX T —KMaDRH & SNt [Yield Enhancement]

WA BT A7 O ER T DREN 72 AX DAL LRI, S LUTENE B A D72 E T, M
SEE TR TED KRB A X ORI LA RS TWND, ZHUSLE, R340 RIRE O R Fad, LI
LUK Ffa D H B ELR O & 5 K Bl (DOT) % 20 3R L SHBE BIZFB L2 T AU 72 Bl VO N R S s
STND, KIEOFBNZIITSD SN eom B> TR =y "B O N 7 7557 R A X ORI
HELRETHD,

HEINUAGE T QUAND T AT B EESCEERAR 15 D AEHE L ~D %It . kil COEIE/LFRBETHY , A LEE
BIRMNMLETHD,

VAT U MEREVATF v 7 BEE VKT : GALV—7> FNRBEZWHRES [Yield

Enhancement]

TUHE LAy DEGIIN Y T AT 4 RO RO D NS — L DR DIRS DXL AT < T I
EVIK FIZHEF TR TH D, T X LRMGDBHBRE EVEHE T DI FETIE, WAITHAANDNT,
FLTCT AN B =LV AT F v 7T A AN NGB WRE /I E > T AT v F o 7 R EVIR T I
RN, ¥R T R_RETHD, BARDHENT ANMIZ — AR (ATPG) Ot imER 2 W A 3-50
(B2 L B DT ANT NVELERN T AN O A S 7259 A 87 ANEE (ATE) | # A HOim B2k
R, LA T O MRS T DU AT ~F v 7 R80T Va4 5720 OB W RO FIINEL -7
B2 RE R b B D,

o —NT oy Y, XYVEHE L KFERRH [Yield Enhancement]

Tr— Ty NRAYLVREODO KRG, T AR B ENSREFEOCEE R TIEN MBI TWD, U
— TV RAYLRFERR A E O S . AL —T7 b R TE (CoO) DBFSE Lith Foadk M et 7
INAADBE FO R FICB W TEBEMZEL T,
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T BIOSHBRETOEFEIFES [METROLOGY]

CoO ZHARIZEB W=7 T v AR ZITOT=DI2IE, FHUFIESH DT, AR EOM A A DY
EIEBERSERTDLERHD LRI, +(E'J0>47L/7°U‘/7‘ L TH R AR LA L2 T T e 6
RN, — i FDGZOATAFHNE, T e A A B T TH L0 A— T M CH AT 2D D
D&%, APC X° FDC, HHWE, DT AT LALEHEL T, 2 COFHMN (T70bb, AT FHlleA 7T 4
VEHAD B OEERIL, T =2 R—RIHEAEN., T R AT A=A E LT S A Y
OFIRE ATV, R FV AW ET D DITIEHESND, ZOIIRNEH Ty — AL A fE Wi &2 R
KRN 7::7%2%:1/]\1:'—7—— Ao H—=T =R T —HEH, FLTT —F_X— 2 1E T AU
KRB THD, B —IZB LTI, RIE, S TIE, 7 — 2% 5 Dk ISt 3 D5 &M R
BLLTERSTWA, SBMLELISNATIT e —O BRI W, St et 2T 2 — L
FEFIREZ, 2L T, O TRV AE — R TITh722 T L7 b7,

B2 FEE AR, R E R, & DR RI[METROLOGY]

AV =N, high-k 7 —bOREEMEE, @R BRI > TRBIEE 2 &0 D813, SeERY 7 B fRa i
low-k & BEAEEFIERIC, e/ Tk (RIE, TRARHE, 7020 T 7 3 A5G %) ( MEHO M ER R (B %

) LR OWE (B2, ALSEEE SRR ~ ) 25 LW HELE) | FERRRHEOBLAN D, FTi D
DN, Mk A7 F I FHE DO UEECIE R 2 0 22 835, FEP & BEP OFEJEIEAE O HAIZ B ) T
W K E TR O T AMEEZ W CERIIT 272010, Z OO IR, BRFHED -7 % 8% b
ZAHTETT D, TN AT, FTEDOHELF OB EZ R R DT DR LOGHAEA 2L R L 2 8T
Do

VT4 FNVEHANC BT 2B E — “BES” L RS [METROLOGY]

H—R vy 7R OFHIOEE i T 2BRICH B LR T iéc%foab\:k#é%oﬁ%é 2 3 el }:Wﬁxb
I, PR A Al I IEREIZATO NIRRT L TUD, fiEK ITRS 12T 5K # S (precision) [, H—
M“ QW%ﬁW@%ahtﬁMﬁﬁﬁWWmmwmmmw&bf%ﬁéhfﬁﬂ)ﬁﬁé%mmmmﬂ:
W) E BEIX RIS (uncertainty) & WD IR F D S B Theb KBS D, G IR 72 137 [H 22 B)
(reproducibility) | # ] 2 (& [ <~ F > 7 (tool-to-tool matching) . H> 7V TIZL DA T AD KL HE)
(sample to sample bias variation) DFZEENEMEIZ LIV TS, GO “AFE7) S (uncertainty) 13, =
T, BHAIR, FHAEEE R, o TV OERIZ K> TRAETH34 T AOE B ORFI (5 8EL TOR

fﬂ) &Lfﬁiéhéo

VI 757 4—DFE| [METROLOGY]

U757 4 —OFHF 35— R T D B 7 i A% d@zﬁ‘xﬂibiﬁ DR A EYANAVARGE S b O

TWD, NP REZDF— MDA X2 UNCHIE T 57201, £T | v AZ7OEZFHHTH2E05
WhEoT-, RERBED~AI T —T 7752 — (MEF)%)/7774%T1EH%?Z>iE/\i ~ A7 DRIERFET
LW e AGHH ML TS, LT -> T, KV IEME CHEZRFHNORBERIMLE CTHL, ~ A7 O
HeON A IR SNDZ LG T D EHEATND, &I—/\L BT AR/MREEERA DY
OFHAG R BITR B 22> TETND, 7 A S8 5L ORI 325 O B VE TR 58 X7, FR kT
A7 EES”, %Lf?ﬂﬁlF&V/%yﬁ‘@iﬁ*%mﬁuﬁ THIREN )70 > TS, RO EHEARIT RIS
L7=3H% BB L+ 5720121%, CD RERADLEIHT A FER 3 OIEIT N E R [ R TH D, b
TR TORH _zw_ofiwbo DO EERLFH OB CTHHEFHMEE ) OFHN FIEIZ OV THEES Y
A DR AN CA YA AN
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FH1 7 (~2017 THROUGH 2024)

PEBEM _E[ENHANCING PERFORMANCE]

V—JBIIDER (T AL]

HAEBNIRAOBETHL—F, BT — 7 BRSO EROBER N ERO FE e fE 7
STNWD, MO TAAR—=FHMNZ D) =7 B Z A ERNEEFLES N2 L912, CMOS Hifffo X
FRODPEINEN TS, V—7E L, 7 — bR LR, LEVEEERE | ¥ —Lb 7 AT A—4
ICEDIEEBIFAICE L, A =D T LIZH D EOM G OB PO LW IREA R L T D, IKE) T
WNAARTOFTEBFTNET 7 /0P —F A TN 10%DEIETHIMLTEBY, RL A7 — DT o) —27
BN leo T D, TN Z, R FHEINIIFEIRF R Z — EITER20, D e ELHlICE D IO E ik
A A SV AN

) 7T v CMOS F % RV Bt @ % & [PROCESS INTEGRATION, DEVICES, AND

STRUCTURES AND EMERGING RESEARCH DEVICES]

##8 MOSFET T+ 72 BRENE R 215 H121, SRR B O FE 0 — A COEAZ TR T 57F AN
VAT 4 VENMER L ELL T2 5 TLDTH A, BAEINZIE, TV a ek EICEIER SV HI-V Re7 L~
= LEVSTEEBENE T v A B, BT, ER T ) UA Y — =R ) TFa—T  TTT R
EDRVHEEINLS, /27T 710 CMOS T /3A A1, MELICHEERERYICZE CMOS 77 b7+ — A EiT
HAESNOMENDD, ZDEHIZ CMOS 77V b 74— 5 EISHE L TpLIZiL, Va3 BICi 725
WA B2 TR L BESEANENDHY  ZOZENFREL > TS, £, 2D /753 H)L
CMOS F ¥ RN BT NARE, @7 B ARE RO nZ AW 7 a2 %175 T, 2O
BEMEREDE DL TICHERF SN QWD ZENEEND, (FHEMEICBIL TIX, BIFEOF B CResB L CTHY
AFENDZENLEELLY,

FRATVEE DR, BINEEH[PROCESS INTEGRATION, DEVICES, AND STRUCTURES

AND EMERGING RESEARCH DEVICES]

R, mE | RENEEE O R EREMEAT VLT ICEENLb 0L JEom BRI, /0y
7 LM BT DT ARG N T VA DI ZRTT —F T 7 F v&, TR LEREz - T
FHIT LM EET DB LR, DRAM ORGHIMEIE, FFiZ, F (LR (EOT) D#E LB LT
PVELEINDBIRY — 7 BRI EEBIERIHEE BV T, ETETWEICRL LTRSS, SFOHLDLTE
REDARNHEFEMEATVIE, MEHRFMEIC EE S SBRFUCE I L TOD, BRINIARIEM B O FE AL B LU %
TR BAR DB R T A9,

H-72 7 7 a—F I L BPER D~ EDOHA L0 B 2 I L LB RE D 2 AR L ~DT 7 R AL
FRBHT ]

TAL TP TT XA N TFOIRSETER  ETR— IV OMBED T T 2 A =T THEDOL 7, P K
BIEAD  CMP D2 7 HIBETHR—F A Low-k DRAREDEESl YT A2V DTT7 A, Z LT Cu
FKHDTT FANT T, Cu BAREN TOETHELII RN X SR RS TLED, FLVA R
DA, STEOHI L ERZARTF T T A MOAETIOEA ., JEHRS RF Bl E | BEAiRO 2R L
ICHEERITZR O\, =T Wl BT AT IO IAT KT Low-k T 2T AE < kLT
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A=/ TO DRAM bE/C, RERPIRAE THD, BLAE ORI, BUWEMAI 22 Re — B E(LSED,
BRI OBEBNN2 T A AL, BRSO I ANBND, 3 IRICOF v 7 TEE I, BERED LAk LA i1
T HZ& T AERDEH T EDWAMA LD AN i 20 E< BT 52 LN TED, AR RE) BPEFANT O
AHIHEEIR A TH D,

VIAMEIBHY Y 757 4]

22nm N—7E Y F LI, BRI R O IR A ZJRIK E LT LE L U ANDIRER R RN B LT D, T3
AADBHI I, 2016 DT XTOV Y T I 7 4fRPFRITH L, 7 —hHERIE O ZRKIE 36 T 1.5nm
PLF.LWR % 306 T 1.4nm PL FET/IELAR5, (Si — Si DRF-EEEEE 0.235nm, ) fREMEREDS SES L,
LWR #il4, 3L 10nm LL T O A XD KFa FEPMRNENST=FHT LWL CAMAEI RS LB TH D, kD
ESH OR%/&055 ., PFAS FREEME B2 oL VAR, BB IR RS CD,

CMOS EAEY T NARIZB T DHHERE ~DBIT[FEP]

CMOS BLUOAEI T NAAZBNWTAr—U o TR U REHERFL TOKIZIE, WLODD U4 BNIELE
T 5, FLOEEL BT ARG, HHWE 3 IRIL bIZE > TR — V7 (A —V 7)) 3T e
ETRIEITND, ZIHDRH T, CMOS D IR 7eiEEZZE 2 HZ EITIEFITHRERAI T, Bl 2 13T v =%
IWVIERC < VT —MEE DG E T2 LW BB AL [RIRFIZER R T AL EN DD, 2607 1 A
\ZIE A =T T=T VTV REWBR, VT 57 40— NE— N, E LT —RAZ I EF, 7
— MR T EITT — A —H i R—=¥ 7GR, B FEEb LTS, — BZOIO7H
HHELRINT DB RVILTER Y, 7 AfFECREO B A CEE 5 ITWG MO W) Eigim s 2
ThbH, AEVHEECIX., BATEHWTET ANAANESDERI/ A= 7 P OYFRRFUCE B L TW\D, o
ARNEHEREDH CINETORT =V T R U REHERFT 21213, FTLWERIEAT =X L% WD ENRE
723D T AR A ERB T DL IR E N AL HTE 5D,

FEEOBE TRV = — | BLORZFHHI[METROLOGY]

3 WICHEE DO HEFHASC R MR 29 572012, FEMEE R m OH G YN ) CTEa fRRED Y = —
N AT TIEDOBEAMEIR AN ML E TH D, CD FHANEEZ 0] LS A7-0121%, WERIREFHHIIZEEN T
ST ST TR O BIR A BT 2L BN D, Sl DR BTG YT, B —oM H FIED [FIERIZ
BGEDLIETHD, Fize N MM ERREE A LT PRI D B IHERE S AL — 7 Y NI &> TR ETH D,
B TRRE L R BHE O AT HA LBt O IEH BN OMAEOEIZE ST F v e RICE
FHEH AR A — RSO TR A S T 3 RITHEIED CD FHHI R MR AN FIREL 725, [FIREIZ,
CD FHIEEEE ., BHEMEDH DT LT fHZITH 72012 B UER B YR & 42 O TR ES 2T
EeAEYAAN

Fo T LB E N — Y EREERIC T DTD DT AT AL ~ULEREHRE S [ASSEMBLY AND

PACKAGING]

ZLDOBRIETB VTV AT AR GHEREZ BT 22813, B AT 2O, [FHEME. I AND i
b RERNFEIZSE D, FHREB T2 DAL A x RIFROBEECEEOEH N MLETHD,
HMREFRRITA I Z B i A RS VDB HINIR Y,
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FEBHEANT [FTERRATRH

MBI Z 2 OPERAIGRE D RS TVD, ZUDIE, B EER O 7D IR Sz fettk 2 s 34k
Z U EBERENENL 21T, 2 U GREEFRIR T 2R T 5L 2A1I2H D, Z LT, OO BRI
OB R AT TV —ay | TR FEEPIDS) XL T, FEERA 72 i e B R A i 7a S8 35 2 &%
HRDIEEHFICERSILTCORITIUT LN, SHIZ, ZRLORHET, B —R~oe 7 2L T
FEDFNDHDT I A—IVAT — )V TCOREEEFRRT NAZAOEEICH L THORBEEZ 5255 D TRITH
(X727, BT A ADOBIFI AN T EHEEE 2 A 92720121 #PEFE B O FE 23 et S A7
TG0, 2L T, AR ROE T U 7 HA O H R 5UGE T TR E OB G NV LD,

aRyvat il CMOS # DORLER T O ARAMEEEE [LHHHi]

LR a b CMOS DRGNS E SN2, A% T E THRFHIRER A Ik
B 52 AEREMENR 5D, WD T O T FA NN TIHTLNNT S A AD B F B L3 A B Z 0~
e AT OMMGEAEL DRI THDHT=DICMNE AL L= — A2 727 VX T NI TG 3 DB
DD, ZOLH7eRER THEIL, BERT O R E7HRBUIESL T, HILWT A ADO BT Y 0D, EPED
72— R CELFETEREND THEREZ B ES 7L XL 7L, FRY AT EIRMT 28D THH N E
WD, [FERFITEED 0.7 (5O P AZ—HFEOMMbE BIEE T2 AP A XEAAMIE L7236
KT 2DMERHDH, Ziudsz B, BB 357210 ChH, LEMIZH, THVY—RAOEEIZESTHIEFIZ
RERF YL ITHD,

fk=2 X M4 PE[COST-EFFECTIVE MANUFACTURING]

FAEHZ B2 b0, BUER A . BB EDET VU2 [MODELING AND SIMULATION]

FHEMERR Y — UE, TN ARSI HTA R 2 1 9572012, MHEFE AR, 1S, M-, 7 ek x4t
vary  BEDS5FWE THITAHVLENS D, FRHLEESILTWDEDIL, 7 —h ARZ Y7 FHERO THI,
PSIVT DGR R EERL, FEEERT, (BB EE ISR DA AN B 5 Eo) BVEEAR T S P 7t E | 15
FEM: AR (SRS RS D)) — B, Tt AMERCEEE BB LN R S DOET YT ThD,
3 WIEERDOFH LA T —a 3T —X vy T DET VT INUETHD, LT, MEROM B
FEMEEHT LW B R M EHULK) 2 7 ML T 5720107 — 2 BB THH(ZNHDET /VILEA OFF
PEICKRT 27 0B A EEE TR TERT LB, ET V7LD RSN DRHAE R X, 55—
BREHEL, fRSLE T V(LA Z MD 2 BAERY 7255, FHIE (ERD & ERM IS E ) 2V 735
VR DD, FRBRIVRFH R DT DT — 2N —2ADOF T EEMEDS L TETHD,

A FA L TORMEDOREBATT LFENT[YIELD ENHANCEMENT]

KONEZ2 R g A XETER D ETOREAT T O MEPEIZFE DX HFEH T AT LAl 30X — 57 X
RN AT DOTERIR LT — A XTSI R D T2 DN AIL—T > N TODA LT A DR
T EfRMT BRSNS, AT SIS T —Z BEITBIFNIZHEINL TRBY , 2N 22T — X OfiFIR & B 2 AR5
T 5D DF LN FIENERIN TS,
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aRbarha— /L EBERIX[V YT TT 4]

22nm N—TE Y FLUEANN I TG T 4 RIS EAHITIL BUV VY57 4R0% E R E— = D LH77
FLNWFIEOV I T I7 BB M EEEND, ZND FIEOETIV I VIRIR 7T o A0, BITED
32nm 77w aDAL R NG VRT3 ON—T T & 45nm DRAM O3 Z 7 Mg e M1 (e
TREEBER) ON—"yF OT7 7 /al AL, KERELEZBTEHT, o T, BIIEEIANDML
FREE KT D RN — BRSO EL LUIES T LI ENTERN NSV = RNH DG Ll
W, EDT=8  AAMEBEN R DB HIR AR~ A7 DRAF B L LI TND, v AZIANIEMEREH Th
S>Th, VT ITT743aRNOF OV OE 3% 55, 450mm V= — RO BEFEDT-D  BEHNROHD
VI 57 43 AT LIS T D,

HREVHDI-D DT AR [FARART A EEE]

RMGOBIEM AT =X LRL T 0 v AD BB EE BT D720 DT 4—R I D)—T7 HDHW I, Sl7efl
TEHRRR VBBV EOEBOFELLTO, TAND B ENT, N— R R pERET HEI
AT, BRI RO EBMSN TE T, I REZRESFREIZM TE (ELTRIETAX) DR
VAR | SR AT PR R 0D s 7 BE N | BB AR AT Zh SR AR T L 2 L CHU DB Bl (N A 7, L—H T
2—7) OFEH EOWELHI R ~OBET I, EFUT FERE U R AD M ) 72 iR S (B E LIS &
LTCW5, £Z Tk, TANE G L#EH (DFT) B X OT AN KD M2 Wr & AX B 0 3 B i ST 5 08
DN, BREELRD,

SV Z DL B EOT o AR OHARET B BGEEE T R S 2 AL E RO S AT AT A R
IZESTUTHERF CE 72, LA, MR B FE O R AR ICBIL CTH A _EOFHAI M2 Wy 7 v =77 —
NWEWETDHEELIZ, XA EOEIE (DFT [B]#E7a8) 28RN0 -8 2B L TASHWDZ EICL -
T BB BGEE A L0L T A0 ER DD, mEICB O T, AEVESY EolgEe s Mg BRE K o
B — R e T T 07 s T2 b L7 D is ik Eb R R T D A X F - I R O Bl f A
ERMNIRR ATREL T DIV EE VR A LD M EMENG D, Shiank, i o 2B 24 v ikE
DL T EVIRBEHIRE R AR DI Z L1705, RO, PR T T AD K A A X WU IR 7]
BRI RV DI T 2L 72677259,

for it LB L D AE FR[ESH]

EURA LB SR, BTV R A (BT RV TH A DY —72 7O, B
FOIDICBETT, 2057, B, ZALIERO O ORFHDFESH) 13, B HE 0 M B L AR
FERFBEN A PERE O, B DR D100 DFF BRI ARDA URR) Ay BEUTRELL, HH
M, BT, THRBOB O, FRM, FERL, B, 3957, EYFAL ESH WfO=—%%
i3 I EECT

AC NI —R%—1 7 [PROCESS INTEGRATION, DEVICES, AND STRUCTURES]

DC B L, A7 EJ loff THIFEISNSD, AC ENTEIREL Vdd TRE/RED, EESMIE, EIRE
E Vdd 1Z. EEEREED =D SO EREIRE M E T, A — U /O BB ERN—2 L DE
TN LA T TD, EREL UL, T RN EIOUGESE T N E X DM ERHD,
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AARNIREFFOEUGT 77 DFFONETLF VYT AR =TV TA~DHEE [ L3HEI]

EEOBMUNTHOLE T, ZEBER TOX AT =TV 7 HHWTEE DR ER A LR 0B, &
PEA B HRMICHIT CELBOREL CHEIC T2 IOICEET DN N, BLERIR 2R 7572012
MEIRHE ST Ch D, BLEMKFES NG E O T, SRR 2 OV TR R b S - iiE Ve
BHONEZBEE ICRZMT 0, T VHEETHS, 300mm 1350 KAED =— X (40K-50K
WSPM)D7=O1Z1%, B, FhEEE | ik, TGO HAIE S 27 A0 AU > COFF A EE L
725, ZAY GO FBNIER O T —HEAREL 0, 25 /UL O T IEOIERE I REKIFT D,
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2009 FHFEE U —X% 77 )L —7HK (WHAT IS NEW FOR 2009—

THE WORKING GROUP SUMMARIES)

VAT e K7 A 73(SYSTEM DRIVERS)

2009 FERRIZKT LY AT I RIA RO Y F— NI FOEF S BINEIT-7:

o RAEM SOC RIANDEHOFEME LR LIz, HHTOHEE, WADFEME, CAUBTE 528
T A =B (B 2T H B SO HE A FL R LT,
o  TOMDFEHFIIERD EH/REIZELROMEREDTHD,

Table ITWG1

Major Product Market Segments and Impact on System Drivers

Market Drivers

socC

| Analog/MS

MPU

L. Portable/consumer

1. Size/weight ratio: peak in 2004
2. Battery life: peak in 2004

3. Function: 2x/2 years

4. Time-to-market: ASAP

Low power paramount

Need SOC integration (DSP, MPU,
1/0 cores, etc.)

Migrating on-chip for voice
processing, A/D sampling, and
even for some RF transceiver
function

Specialized cores to optimize
processing per microwatt

II. Medical

1. Cost: slight downward pressure
(~1/2 every 5 years)

2. Time-to-market: >12 months

3. Function: new on-chip functions

4. Form factor often not important

5. Durability/safety

6. Conservation/ ecology

High-end products only.
Reprogrammability possible.
Mainly ASSP, especially for
patient data storage and
telemedicine; more SOC for high-
end digital with cores for imaging,
real-time diagnostics, etc.

Absolutely necessary for physical
measurement and response but may
not be integrated on chip

Often used for programmability
especially when real-time
performance is not important

Recent advances in multicore
processors have made
programmability and real-time
performance possible

1II. Networking and communications

1. Bandwidth: 4x/3—4 years
2. Reliability
3. Time-to-market: ASAP

4. Power: W/m® of system

Large gate counts

High reliability

More reprogrammability to
accommodate custom functions

Migrating on-chip for
MUX/DEMUX circuitry

MEMS for optical switching.

MPU cores, FPGA cores and some
specialized functions
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Major Product Market Segments and Impact on System Drivers (continued)

35

1V. Defense

1. Cost: not prime concern

2. Time-to-market: >12 months

3. Function: mostly on SW to ride
technology curve

4. Form factor may be important

5. High durability/safety

Most case leverage existing
processors but some requirements
may drive towards single-chip
designs with programmability

Absolutely necessary for physical
measurement and response but may
not be integrated on chip

Often used for programmability
especially when real-time
performance is not important

Recent advances in multicore
processors have made
programmability and real-time
performance possible

V. Office

1. Speed: 2x/2 years

2. Memory density: 2x/2 years

3. Power: flat to decreasing,
driven by cost and W/m®

4. Form factor: shrinking size

5. Reliability

Large gate counts; high speed

Drives demand for digital
functionality

Primarily SOC integration of
custom off-the-shelf MPU and I/O
cores

Minimal on-chip analog; simple
A/D and D/A

Video i/f for automated camera
monitoring, video conferencing

Integrated high-speed A/D, D/A for
monitoring, instrumentation, and
range-speed-position resolution

MPU cores and some specialized
functions

Increased industry partnerships on
common designs to reduce
development costs (requires data
sharing and reuse across multiple
design systems)

VI. Automotive

1. Functionality

2. Ruggedness (external
environment, noise)

3. Reliability and safety

4. Cost

Mainly entertainment systems

Mainly ASSP, but increasing SOC
for high end using standard HW
platforms with RTOS kernel,
embedded software

Cost-driven on-chip A/D and D/A
for sensor and actuators

Signal processing shifting to DSP
for voice, visual

Physical measurement
(“communicating sensors” for
proximity, motion, positioning);
MEMS for sensors

A/D—analog to digital

DSP—digital signal processing

MEMS—microelectromechanical systems

ASSP—application-specific standard product
FPGA—field programmable gate array

MUX—multiplexer
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RTOS—real-time operating system

D/A—digital to analog
i/f—interface 1/O—input/output

DEMUX—demultiplexer
HW—hardware
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2009 ERRICHKIL 7 A O Y F— LI LL F O FHT B INEFT -7
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ZAIZ, ZOH LW 7 A ThAHE M B b A F# A BN,
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o  TAMNKIH(DFDEEHUWET Lz, TANED AL =D 24T, #7212 DFT OffET—7 V%538
W7, —J7 T, DFT OfRIIKT — 7 /WITHIBRLTZ,

e ORTC OIHEEIRELEHLI,

o TARTOR, ROFREZ 2024 LTI, IR LT, LD 2009 n—R~y T e DEGELST,

o TATALULEREOT =T M HBEEHIBOBEBREIZOE, Y AT AL VLR EHTOZERE, T
FLDFEFHL L COZENE T L TATEHTITEMLT,

Table ITWG2 Overall Design Technology Challenges
Challenges > 32 nm Summary of Issues
Design productivity System level: high level of abstraction (HW/SW) functionality spec, platform based
design, multi-processor programmability, system integration, AMS co-design and
automation

Verification: executable specification, ESL formal verification, intelligent test bench,
coverage-based verification

Logic/circuit/layout: analog circuit synthesis, multi-objective optimization

Power consumption Logic/circuit/layout: dynamic and static (leakage), system and circuit, power optimization

Manufacturability Performance/power variability, device parameter variability, lithography limitations
impact on design, mask cost, quality of (process) models

ATE interface test (multi-Gb/s), mixed-signal test, delay BIST, test-volume-reducing

DFT
Reliability Logic/circuit/layout: MTTF-aware design, BISR, soft-error correction
Interference Logic/circuit/layout: signal integrity analysis, EMI analysis, thermal analysis
Challenges <32 nm Summary of Issues
Design productivity Complete formal verification of designs, complete verification code reuse, complete

deployment of functional coverage
Tools specific for SOI and non-static logic, and emerging devices
Cost-driven design flow

Heterogeneous component integration (optical, mechanical, chemical, bio, etc.)

Power consumption SOI power management

Manufacturability Uncontrollable threshold voltage variability

Advanced analog/mixed signal DFT (digital, structural, radio), “statistical” and yield-
improvement DFT

Thermal BIST, system-level BIST

Reliability Autonomic computing, robust design, SW reliability

Interference Interactions between heterogeneous components (optical, mechanical, chemical, bio, etc.)

ATE—automatic test equipment ~ BISR—built-in self repair ~ BIST—built-in self test ~DFT—design for test
EMI—electromagnetic interference ~ ESL—Electronic System-level Design ~ HW/SW—hardware/software

MTTF—mean time to failure ~ SOI—silicon on insulator
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KEY TEST DRIVERS, DIFFICULT CHALLENGES, AND OPPORTUNITIES

Table ITWG3

Summary of Key Test Drivers, Challenges, and Opportunities

Key Drivers (not in any particular order)

Device trends

Increasing device interface bandwidth (# of signals and data rates)
Increasing device integration (SoC, SiP, MCP, 3D packaging)
Integration of emerging and non-digital CMOS technologies
Complex package electrical and mechanical characteristics
Device characteristics beyond one sided stimulus/response model
3 Dimensional silicon - multi-die and Multi-layer

Multiple 1/0 types and power supplies on same device

Increasing test process complexity

Device customization during the test process
“Distributed test” to maintain cost scaling
Feedback data for tuning manufacturing
Dynamic test flows via “Adaptive Test”

Higher order dimensionality of test conditions

Continued economic scaling of test

Physical limits of test parallelism

Managing (logic) test data and feedback data volume

Defining an effective limit for performance difference for HVM ATE versus DUT
Managing interface hardware and (test) socket costs

Trade-off between the cost of test and the cost of quality

Multiple insertions due to system test and BIST

Difficult Challenges (in order of priority)

Test for yield learning

Critically essential for fab process and device learning below optical device dimensions

Detecting Systemic Defects

Testing for local non-uniformities, not just hard defects

Detecting symptoms and effects of line width variations, finite dopant distributions, systemic process
defects

Screening for reliability

Implementation challenges and efficacies of burn-in, IDDQ, and Vstress

Erratic, non deterministic, and intermittent device behavior

Potential yield losses

Tester inaccuracies (timing, voltage, current, temperature control, etc)

Over testing (e.g., delay faults on non-functional paths)

Mechanical damage during the testing process

Defects in test-only circuitry or spec failures in a test mode e.g., BIST, power, noise
Some IDDQ-only failures

Faulty repairs of normally repairable circuits

Decisions made on overly aggressive statistical post-processing

Future Opportunities (not in any order)

Test program automation (not ATPG)

Automation of generation of entire test programs for ATE

Simulation and modeling

Seamless Integration of simulation and modeling of test interface hardware and instrumentation into the
device design process

Convergence of test and system reliability
solutions

Re-use and fungibility of solutions between test (DFT), device, and system reliability (error detection,
reporting, correction)

ATE—automatic test equipment ~ ATPG—automatic test pattern generation — BIST—built-in self test ~ HVM—high volume manufacturing

MCP—multi-chip packaging ~ MEMs—micro-electromechanical systems
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DIFFICULT CHALLENGES

Table ITWG3

Process Integration Difficult Challenges.

Difficult Challenges for Ly 216 nm

Summary of Issues

1. Scaling of logic MOSFETs

Scaling planar bulk CMOS

Implementation of fully depleted SOI and multi-gate (MG) structures
Controlling source/drain series resistance within tolerable limits
Further scaling of EOT with higher k materials (k > 30)

Threshold voltage tuning and control with metal gate and high-« stack

Inducing adequate strain

2. Scaling of DRAM and SRAM

DRAM—
Adequate storage capacitance with reduced feature size; implementing high-k dielectric
Low leakage in access transistor and storage capacitor
Low resistance for bit and word lines to ensure desired speed
Improve bit density and to lower production cost in driving toward 4F? cell size
SRAM—
Maintain adequate noise margin and control key instabilities and soft-error rate

Difficult lithography and etch issues

3. Scaling high-density non-volatile
memory

Endurance, noise margin, and reliability requirements
Non-scalability of tunnel dielectric and interpoly dielectric in flash
Difficult lithography and etch issues with pitch scaling

Maintain high gate coupling ratio in floating-gate flash

4. Reliability due to material, process,
and structural changes

Threshold voltage shifts due to traps, carrier injection, and program/erase cycling in memory cells
Mobility degradation due to mechanical stress relaxation or interface states

New or changed failure mechanisms resulting from high-i/metal gate and new doping/activation processes
New failure mechanism resulting from fundamental length scales or new device structures

Process variability

Difficult Challenges for Ly < 16 nm

Summary of Issues

1. Implementation of advanced non-
classical CMOS structures

Advanced non-planar multi-gate MOSFETSs below 10 nm gate length
Control of short-channel effects
Drain engineering to control parasitic resistance

Strain enhanced thermal velocity and quasi-ballistic transport

2. Implementation of non-classical
CMOS channel materials

Identification and demonstration of alternate channel materials
New issues from materials, devices, and processing

Integration of alternate channel materials on Si platform

3. Identification and implementation of
new memory structures

Density and voltage scaling of NVM

3-D integration of NVM

Implementing non-charge-storage type of NVM
Scaling storage capacitor for DRAM

DRAM and SRAM replacement solutions

4. Reliability of novel devices,
structures, materials, and applications

Reliability characterization of new devices
Dealing with fluctuations and statistical process variations
Impact of microscopic physical effects

Need for Design for Reliability tools
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5. Power scaling V4aq scaling

Controlling subthreshold current

6. Beyond CMOS Identification and implementation of non-CMOS devices and architectures
Integration onto Si-CMOS platform

See ERD and ERM chapters for more discussions and details

TAYL ZEEDT-DD RF &7l Iy 23 58

B
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DIFFICULT CHALLENGES

Table ITWG4 RF and Analog Mixed-Signal (RF and AMS) Technologies for Wireless Communications
Difficult Challenges
Difficult Challenges Summary of Issues
New materials (e.g., high-permittivity gate dielectrics, embedded structures to induce channel strain,
CMOS and metal-gate electrodes) make predicting trends uncertain for transistor mismatch and for 1/f
noise.
Bipolar HS-NPNs and Increasing f by more aggressive vertical profiles and still maintaining acceptable figures of merit,
T
HS-PNPs transisters manufacturing control, and punch-through margins

Improving the trade-off between f /f  and breakdown voltages to provide acceptable voltage
T MAX

handling and power densities at performance levels that can effectively complete with
alternative technologies.

Bipolar Power Amplifiers

Integrating new materials in a cost-effective manner to realize compact and high quality factor (Q)
On-Chip Passive Devices inductors and high-density metal-insulator-metal (MIM) capacitors demanded by the roadmap
for increased RF performance.

The large number of options for embedded passives increases complexity and cost. And accurate

Off-Chip Passive Devices models for process tolerance and parasitic effects and computer assisted design (CAD) tools.

Increasing functionality in terms of operating frequency and modulation schemes and

Handset Power Amplifiers . . . ; . . .
simultaneously meeting increasingly stringent linearity requirements at the same or lower cost.

Base-station Power

Amplifiers Enhancing performance with continual product-price pressure. And Improving amplifier efficiency.

Thermal management for high power density circuits, multi-level integration and E/D mode
mm-Wave Devices transistors. And reduction of leakage current and understanding of failure mechanisms,
particularly for GaN materials which are piezoelectric in nature.

Incorporating the great process diversity of MEMS into specific ITRS processes. And developing

MEMS design tools, packaging, performance drivers, and cost drivers for each MEMS device type.

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



T T 47 Y~ 43

HIERIET 73 A A

2009 FRROFHRIET SAADEITHIRIER Y v 7 H 1 EHRIEATY FE IOV TRl 21T o7, Bk
BT NARI2ODRILDHFVABRESNT, T, T—FT 7 F &2 B B LI HHRIL T A AD [ ReElE
IZOWTCHE T 5B ar B EE B3, 20D FUADIBLD 121, BAIIE ST A
A, BHHNIE CMOS ZHMEORRIR (7 —R~ v 7 OIS W T2 L OMRIR) ECHLRE T 58 Th 5,
H9— DT FUATE CMOS ZH 2727 73 A (“Beyond CMOS” devices) T CMOS # 52 LILIET 5L D
Tod, Bz, FEHIRCIIFE 22N REZ L, RHIMICITH 7R AL O 2 7oz
T CMOS ZHfi5eTHZEThD, FTF v XM EH (T ~= 5011 — V LA W8 R) 2 - MOS
7LV AZ DR ZE X 24E R TGRSR L, o— R~y 7 OKEIZESLET CMOS OB b 4#E
FLRBTDEIREL T, MWART v v VAR UG TS, [AERIZ, CMOS Z# % 727 731 A (“Beyond
CMOS” device) TliZ, MEREMEAEYRLFRELE FHLHE CMOS v~ ECHETLH7-DICAE R 7-2ME D
DB LINRL, AR A FI LT AL S A AR CEBLESN DD LAY,

ZNH2DODTFIAEFAL DD, 2009 FROBIRILT NAADEIL, FrRTE WA —AR
R )L A= A AR Yy "N T CHioTz, I—AR R /2L 7ha=7 A%, @WIBTE )12 R DD
F-AHICHIRIICEAL TETWS, ZOH—R R F )L I ha=s %, H—RF ) Fa—T, 75
T2, TTT 2 F VR T g B, MOS U P AR S ENTZEEDIBFERRRE I DEEL, LW
WALERZ FREIC T DB AN BT D0 UITRIIN =D TH D,

A - mH B B ATV T NA R FEBLT D REE A R T NI O T Z T 78 AAEY % H
FRL7ZWLKODOF LW B R BLIL TETWD, ZNHDFHLWAEINL, “fEOT —H52EXDHT-9D1Z,
BHEFEZFHL WD, ZOnBaE5 T H5411E, AL ARE L7 RAM (Spin Transfer Torque RAM) ,
F 78 RAM (9 724%H PCM and Fuse/Antifuse), /14> RAM (9 724> % Atomic Switch and
Memristor) 72 £ T 5, FFICHLEE N HHDIE, 16nm HHACAE 2 CEH rIgER i Th b, /7 A%
NWAEVHATE N RVERBE B L E AR O 2 > O F 1T, 8 EHAEIZTH7=0 ERD CiBBf- fHIis =23, +
INNTFEDEAERE I DIREN, F- 0B BT L= DT, 2009 4ERT PIDS & FEP THWHbil
%, ERD b EN5,

T =% T F ¥ DEIIHE SNALIRS IV, BriR7Eim s, BriRFIE ML T AR, AT -7 —F%T 7
F v, “AZHER R T = LS TALBE DO L, [RFUZEE S8 LT 22 L M RRE N2 B T
Do ZNBHIE FREDIDNTERIS LD,

1. X F~<—2— The Nanoelectronics Research Initiative (NRI)I% 19 DRI FRULELT SA R, 77—
JARECOREE &R B B O ALEL T N A ZDMEREE R F~—7 T HH LW Fikina L
IHH TS, 7 — /VEBEIL3 DD — NI T 5= R/ F—, BIEZ/RTA—=Z LT D, ZIbHD
FEFBIESHIZ RSN, RARDT SAAFMROEBIEHSN TS, ZONTF~—fifffr o
T AL AR FTRE ISR o 7o R T, BERIZITIRAES, RSN D,

2. AEVT—=XT7F L, HLOAERVEMNZFI$52L T, =) —{HEZHIT 5809 BLA
Mok iLD, REDT R/ —HEL, BUEDOATNIARERNZ2MBE THD,

3. AR R T —2 DI, 126 LITENLL D Beyond CMOS 7 /3 A 2% RH LW T —F
TIF XD FTHGTHIET, BMAVITHHI{EL 72 CMOS THEELTEL VAKX, &), Haea ik
BRSO WAL FEBL T D BLA ) DEER SN D,

4. [RFUCBEIT D, BT FRIR B o FIEDBIS LD, D7 T, FiRIET N"AADR VY~ —
ARV T RRFUC T DML, TP F VR DT A—2EFESITHND, RSN D Ik
A, HOEINTIIES NG RALI D BE FTRE e e B OMEREZ T T 52 LRI FIBE ThH D,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



44 = Jv T 47 Y=l

I 7 R

BRI T S A AT AN EE R B AR EIT . FRICRT LI, ARVEMICE T A5EE  fFROsi 472
bbuaY vl T RARZETHHEIZ T OIS, REO— D%, BIED AT D i B O S Z RS |
CMOS 7'ut 27— HMEDHHIERR BT TIES L, BIFED SRAM X° FLASH ORAR TH5 22-16nm
FT,.ZLTCENEBA TR — U T RIRERBI ATV IR DAL E R 2 THDH, ZAUCEE T 53R & IT,
CMOS a7 Hiffi DA r—V 7% 16nm UL Fifsi 528 TH D,

Table ITWGS Emerging Research Devices Difficult Challenges

Difficult Challenges > 16 nm and < 16 nm Summary of Issues and opportunities

SRAM and FLASH scaling will reach definite limits within the next several years (see PIDS
Difficult Challenges). These are driving the need for new memory technologies to replace
SRAM and FLASH memories.

Identify the most promising technical approach(es) to obtain electrically accessible, high-speed,
high-density, low-power, (preferably) embeddable volatile and non-volatile RAM

Scale high-speed, dense, embeddable, volatile and
non-volatile memory technologies to and beyond the
16 nm technology generation.

The desired material/device properties must be maintained through and after high temperature
and corrosive chemical processing
Reliability issues should be identified & addressed early in the technology development

Develop new materials to replace silicon as an alternate channel and source/drain to increase the
saturation velocity and maximum drain current in MOSFETs while minimizing leakage
currents and power dissipation for technology scaled to 16 nm and beyond.

Develop means to control the variability of critical dimensions and statistical distributions (e.g.,

Scale CMOS to and beyond the 16 nm technology gate length, channel thickness, S/D doping concentrations, etc.)

generation.
Accommodate the heterogeneous integration of dissimilar materials
The desired material/device properties must be maintained through and after high
temperature and corrosive chemical processing
Reliability issues should be identified & addressed early in t

Discover and reduce to practice new device technologies and a primitive-level architecture to
provide special purpose optimized functional cores heterogeneously integrable with silicon
CMOS.

Extend ultimately scaled CMOS as a platform
technology into new domains of application.

Invent and develop a new information processing technology eventually to replace CMOS

Ensure that a new information processing technology is compatible with the new memory
technology discussed above; i.e., the logic technology must also provide the access function

Continue functional scaling of information in a new memory technology.

processing technology substantially beyond that Bridge a knowledge gap that exists between materials behaviors and device functions.
attainable by ultimately scaled CMOS. Accommodate the heterogeneous integration of dissimilar materials

The desired material/device properties must be maintained through and after high temperature
and corrosive chemical processing

Reliability issues should be identified & addressed early in the technology development
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Table ITWG6

Emerging Research Material Technologies Difficult Challenges

Difficult Challenges <16 nm

Summary of Issues

Integration of alternate channel materials with
high performance

II1-V has high electron mobility, but low hole mobility
Germanium has high hole mobility, but electron mobility is not as high as III-V materials

Demonstration of high mobility n and p channel alternate channel materials co-integrated with high «
dielectric

Demonstration of high mobility n and p channel carbon (graphene or carbon nanotubes) FETs with
high on-off ratio co-integrated with high « dielectric and low resistance contacts

Selective growth of alternate channel materials in desired locations with controlled properties and
directions on silicon wafers (I1I-V, Graphene, Carbon nanotubes and semiconductor nanowires)

Achieving low contact resistance to sub 16 nm scale structures (graphene and carbon nanotubes)
Ge dopant thermal activation is much higher than III-V process temperatures

Growth of high K dielectrics with unpinned Fermi Level in the alternate channel material

Control of nanostructures and properties

Controlled assembly of nanostructures

Ability to pattern sub 16 nm structures in resist or other manufacturing related patterning materials
(resist, imprint, self assembled materials, etc.)

Control of CNT properties, bandgap distribution and metallic fraction

Control of stoichiometry, disorder and vacancy composition in complex metal oxides
Control and identification of nanoscale phase segregation in spin materials

Control of surfaces and interfaces

Control of growth and heterointerface strain

Control of interface properties (e.g., electromigration)

Ability to predict nanocomposite properties based on a “rule of mixtures”

Data and models that enable quantitative structure-property correlations and a robust nanomaterials-
by-design capability

Placement of nanostructures, such as CNTs, nanowires, or quantum dots, in precise locations for
devices, interconnects, and other electronically useful components

Control of line width of self-assembled patterning materials

Control of registration and defects in self-assembled materials

Characterization of nanostructure-property
correlations

Correlation of the interface structure, electronic and spin properties at interfaces with low-dimensional
materials

Characterization of low atomic weight structures and defects (e.g., carbon nanotubes, graphitic
structures, etc.)

Characterization of spin concentration in materials
Characterization of vacancy concentration and its effect on the properties of complex oxides

3D molecular and nanomaterial structure property correlation

Characterization of properties of embedded
interfaces and matrices

Characterization of the roles of vacancies and hydrogen at the interface of complex oxides and the
relation to properties

Characterization of transport of spin polarized electrons across interfaces
Characterization of the structure and electrical interface states in complex oxides

Characterization of the electrical contacts of embedded molecule(s)

Fundamental thermodynamic stability and
Sfluctuations of materials and structures

Geometry, conformation, and interface roughness in molecular and self-assembled structures
Device structure-related properties, such as ferromagnetic spin and defects

Dopant location and device variability
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DIFFICULT CHALLENGES
Table ITWG7 Front End Processes Difficult Challenges

Difficult Challenges > 16 nm .
(Metal 1 1/2-pitch) Summeary of Issues

Strain Engineering
- continued improvement for increasing device performance
- application to FDSOI and Multi-gate technologies

Achieving DRAM cell capacitance with dimensional scaling
- finding robust dielectric with dielectric constant of ~60
- finding electrode material with high work function

Achieving clean surfaces free of killer defects
- with no pattern damage
- with low material loss (<0.2 A)

High-k/Metal Gate
- introduction to full scale manufacturing for HP, LOP, and LSTP
- scaling equivalent oxide thickness (EOT) below 0.8 nm

450 mm wafers - meeting production level quality and quantity

Difficult Challenges < 16 nm o
(Metal 1 1/2-pitch) Summary of Issues

Continued scaling of HP multigate device in all aspects: EOT, junctions, mobility enhancement, new channel
materials, parasitic series resistance, contact silicidation.

Lowering required DRAM capacitance by 4F2 cell scheme or like, while continuing to address materials challenges

Continued achievement of clean surfaces while eliminating material loss and surface damage and sub-critical
dimension particle defects

Continued EOT scaling below 0.7 nm with appropriate metal gates

Continued charge retention with dimensional scaling and introduction of new non-charged based NVM technologies
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Table ITWGS8A

Lithography Difficult Challenges >22 nm

Difficult Challenges > 22 nm

Summary of Issues

Optical masks with features for resolution
enhancement and post-optical mask fabrication

Equipment infrastructure (writers, inspection, metrology, cleaning, repair) for fabricating masks with
sub-resolution assist features

Registration, CD, and defect control for masks
Eliminating formation of progressive defects and haze during exposure
Understanding and achieving the specific signature and specifications for a Double Patterned mask

Establishing a stable process so that signatures can be corrected.

Double patterning

Overlay of multiple exposures including mask image placement, mask-to-mask matching, and CD
control for edges defined by two separate exposures

Availability of software to split the pattern, apply OPC, and verify the quality of the split while
preserving critical features and maintaining no more than two exposures for arbitrary designs

Availability of high productivity scanner, track, and process to maintain low cost-of-ownership
Photoresists with independent exposure of multiple passes

Fab logistics and process control to enable low cycle time impact that efficient scheduling of
multiple exposure passes.

Cost control and return on investment

Achieving constant/improved ratio of exposure related tool cost to throughput over time

ROI for small volume products

Resources for developing multiple technologies at the same time

Cost-effective resolution enhanced optical masks and post-optical masks, and reducing data volume

450 mm diameter wafer infrastructure

Process control

New and improved alignment and overlay control methods independent of technology option to <5.7
nm 3c overlay error

Controlling LER, CD changes induced by metrology, and defects < 10 nm in size
Greater accuracy of resist simulation models
Accuracy of OPC and OPC verification, especially in presence of polarization effects

Lithography friendly design and design for manufacturing (DFM)
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Lithography Difficult Challenges <22 nm

Difficult Challenges <22 nm

Summary of Issues

EUV lithography

Source power > 180 W at intermediate focus, acceptable utility requirements through increased conversion efficiency
and sufficient lifetime of collector optics and source components

Cost control and return on investment

Resist with < 1.5 nm 3s LWR, < 10 mJ/em’ sensitivity and < 20 nm %% pitch resolution

Fabrication of Zero Printing Defect Mask Blanks

Establishing the EUVL mask Blank infrastructure (Substrate defect inspection, actinic blank inspection)
Establishing the EUVL patterned mask infrastructure (Actinic mask inspection, EUV AIMs)
Controlling optics contamination to achieve > five-year lifetime

Protection of EUV masks from defects without pellicles
Fabrication of optics with < 0.10 nm RMS figure error and < 7% intrinsic flare

Resist materials

Limits of chemically amplified resist sensitivity for <22 nm half pitch due to acid diffusion length
Materials with improved dimensional and LWR control add (limits)

Resist and antireflection coating materials composed of alternatives to PFAS compounds

Low defects in resist materials (size < 10 nm)

Line width roughness < 1.4 nm 3 sigma

Mask fabrication

Timeliness and capability of equipment infrastructure (writers, inspection, metrology, cleaning, repair)
Mask process control methods and yield enhancement

Cost control and return on investment

Cost control and return on
investment

Achieving constant/improved ratio of exposure-related tool cost to throughput
Development of cost-effective post-optical masks
Cost effective 450 mm lithography systems

Achieving ROI for small volume products

193 nm Immersion Multiple
Patterning

Cost control and return on investment
Wafer processing to tighter overlay and CD controls

Mask fabrication to tighter specifications

Metrology and defect
inspection

Defect inspection on patterned wafers for defects <20 nm

Resolution and precision for critical dimension measurement down to 6 nm, including line width roughness metrology
for 0.8 nm 3s

Metrology for achieving < 2.8 nm 3s wafer overlay error
Template inspection for 1x Imprint Patterned Masks
Phase shifting masks for EUV

Gate CD control improvements
and process control

Development of processes to control gate CD < 1.5 nm 3s with < 1.4 nm 3s line width roughness

Development of new and improved alignment and overlay control methods independent of technology option to
achieve < 2.8 nm 3s overlay error, especially for imprint lithography

Maskless Lithography

Wafer throughput

Cost control and return on investment

Die-to-database inspection of wafer patterns written with maskless lithography
Pattern placement - including stitching

Controlling variability between beams in multibeam systems

Imprint Lithography

Defect-free imprint templates at 1x dimensions

Infrastructure for 1x technology templates (key here is inspection!)
Template fabrication to tighter specifications

Protection of imprint templates from defects without pellicles
Mask life time

Throughput

Cost control and return on investment

Overlay

Process control methods to compensate for systematic CD and overlay errors
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DIFFICULT CHALLENGES
Table ITWGY

T T 4T

Interconnect Difficult Challenges

Difficult Challenges > 22 nm

Summary of Issues

Introduction of new materials to meet
conductivity requirements and reduce the
dielectric permittivity*

The rapid introductions of new materials/processes that are necessary to meet
conductivity requirements and reduce the dielectric permittivity create
integration and material characterization challenges.

Engineering manufacturable interconnect
structures, processes and new materials*

Integration complexity, CMP damage, resist poisoning, dielectric constant degradation.
Lack of interconnect/packaging architecture design optimization tool

Achieving necessary reliability

New materials, structures, and processes create new chip reliability (electrical, thermal,
and mechanical) exposure. Detecting, testing, modeling, and control of failure
mechanisms will be key.

Three-dimensional control of interconnect
features (with it’s associated metrology) is
required to achieve necessary circuit
performance and reliability.

Line edge roughness, trench depth and profile, via shape, etch bias, thinning due to
cleaning, CMP effects. The multiplicity of levels combined with new materials,
reduced feature size, and pattern dependent processes create this challenge.

Manufacturability and defect management
that meet overall cost/performance
requirements

As feature sizes shrink, interconnect processes must be compatible with device
roadmaps and meet manufacturing targets at the specified wafer size. Plasma
damage, contamination, thermal budgets, cleaning of high A/R features, defect
tolerant processes, elimination/reduction of control wafers are key concerns.
Where appropriate, global wiring and packaging concerns will be addressed in
an integrated fashion.

Difficult Challenges < 22 nm

Summary of Issues

Mitigate impact of size effects in
interconnect structures

Line and via sidewall roughness, intersection of porous low-k voids with sidewall,
barrier roughness, and copper surface roughness will all adversely affect electron
scattering in copper lines and cause increases in resistivity.

Three-dimensional control of interconnect
features (with it’s associated metrology) is
required

Line edge roughness, trench depth and profile, via shape, etch bias, thinning due to
cleaning, CMP effects. The multiplicity of levels, combined with new materials,
reduced feature size and pattern dependent processes, use of alternative
memories, optical and RF interconnect, continues to challenge.

Patterning, cleaning, and filling at nano
dimensions

As features shrink, etching, cleaning, and filling high aspect ratio structures will be
challenging, especially for low-k dual damascene metal structures and DRAM at
nano-dimensions.

Integration of new processes and structures,
including interconnects for emerging
devices

Combinations of materials and processes used to fabricate new structures create
integration complexity. The increased number of levels exacerbate
thermomechanical effects. Novel/active devices may be incorporated into the
interconnect.

Identify solutions which address 3D
structures and other packaging issues*

3 dimensional chip stacking circumvents the deficiencies of traditional interconnect
scaling by providing enhanced functional diversity. Engineering manufacturable
solutions that meet cost targets for this technology is a key interconnect
challenge.

* Top three challenges

CMP—chemical mechanical planarization

DRAM—dynamic random access memory
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Functional Area Key technology focuses and issues

Factory Operations (FO) 1) Systematic productivity improvement methodology prior to 450 mm insertion
acto erations
P 2) Systematic factory waste visualization of cycle times and factory output losses

Production Equi t (PE) 1) 450 mm production tool development
roduction Equipmen
P 2) Reliable and predictable equipment availability improvement

. . 1) Reduction in average material delivery times
Material Handling Systems (MHS) . . . .
2) More interactive control with FICS and PE for accurate scheduled delivery

1) Increased FICS reliability performance for more complex factory control

Factory Information and Control Systems (FICS) .
2) Enhanced system extendibility

Faciliti 1) Enhanced extendibility for 450 mm and facility cost reduction
acilities
2) AMC management, electric static control on masks, wafers, and facility surfaces

2009 EfRDNA T A b

2009 F-hiR D T.351% F (Factory Operation) DL it 222K 7— 7" /L%, NGF (Next Generation Factory: ¥ {4 T
5) LIEEMK ~ R — P A MDD BRFIHEIZBE T D8 LW AN 7 22 E e JOIZduE STz, £ D
D REF 3B 2 OTMERT =7 vb | 20 THEMEMERIZEHETDERE, Fx DA/ B &
BOERICEDETT 77 —hah T,

KR THEWNEROTE

TEHINT —X 2 77 N —T71F B 5B COMGFHILES T, 450mm 7= — XD REH AT OB AR, &
LWAEBEME DS ED NGF L TASNARETHHED R a1 ST- NGF 1X., R 8072 4L FEME D REE)
7R3 —E AD ALIZ L > TS ND RN Tl A RO IS E 8 L CERIND D0 K
HH Y THD, NGF [TFTRE 300mm 774 LEL CTORITHIR B EILFF B35, NGF DAX—ATL->THE
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BAHDI, 20D ENL DA FEVEIEEKAN) 7 2% T E A O E R T —7 M LGEINLTZ, 121X T
LV OFF LR R WTW (Wait Time Waste) THY, LT = — 3 TN TRER 3 2R B IR O
BEHE AR =Ry by OY AT NEA LEDEL TERSIVTND, 121, TIHL Lo E H )
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DIFFICULT CHALLENGES

Table ITWG10

Factory Integration Difficult Challenges

Difficult Challenges through 2017

Summary Of Issues

1. Responding to rapidly changing,
complex business requirements

Increased expectations by customers for faster delivery of new and volume products (design = prototype and pilot
-> volume production)

Rapid and frequent factory plan changes driven by changing business needs

Ability to load the fab within manageable range under changeable market demand

Enhancement in customer visibility for quality assurance of high reliability products

2. Managing ever increasing factory
complexity

Quickly and effectively integrating rapid changes in process technologies

Increased requirements for high mix factories. Examples are (1) significantly short life cycle time of products that
calls frequent product changes, (2) the complex process control as frequent recipe creations and changes for
process tools and frequent quality control criteria due to small lot sizes

Manufacturing knowledge and control information need to be shared as required among factory operation steps
and disparate factories

Need to concurrently manage new and legacy FICS software and systems with increasingly high
interdependencies

Ability to model factory performance to optimize output and improve cycle time for high mix factories

Need to manage clean room environment for more environment susceptible processes, materials, and, process and
metrology tools

Comprehending increased purity requirements for process and materials

3. Achieving growth targets while margins
are declining

Ability to visualize cost and cycle time for systematic waste reduction from all aspects.
Reducing complexity and waste across the supply chain
Minimize the cost of new product ramp up against the high cost of mask sets and product piloting

4. Meeting factory and equipment
reliability, capability and productivity
requirements per the Roadmap

5. Emerging factory paradigm and next
wafer size change

Increased impacts that single points of failure have on a highly integrated and complex factory

More equipment reliability, capability and productivity visualization that can be used bidirectionally between
equipment suppliers and users for more efficient task sharing

Design-in of equipment capability visualization in production equipment

Equipment supplier roadmap for equipment quality visualization and improvement, and, reduction of Equipment
Output Waste.

Reduction of equipment driven NPW (non-product wafers) operations that compete for resources with production
wafers and Dandori operations[1]

Uncertainty about 450 mm conversion timing and ability of 300 mm wafer factories to meet historic 30% cost
effectiveness.

Uncertainty concerning how to reuse buildings, equipment, and systems to enable 450 mm wafer size conversion
at an affordable cost

Difficult Challenges Beyond 2017

Summary of Issues

1. Meeting the flexibility, extendibility,
and scalability needs of a cost-effective,
leading-edge factory

Ability to utilize task sharing opportunities to keep the manufacturing profitable such as manufacturing
outsourcing

Enhanced customer visibility for quality assurance of high reliability products including manufacturing
outsourcing business models

Scalability implications to meet large 300 mm factory needs [40K—50K WSPM]

Cost and task sharing scheme on industry standardization activity for industry infrastructure development

2. Managing ever increasing factory
complexity

Higher resolution and more complications in process control due to smaller process windows and tighter process
targets in many modules

Complexity of integrating next generation lithography equipment into the factory

More comprehensive traceability of individual wafers to identify problems to specific process areas

Comprehensive management that allows sharing and re-usages of complex engineering knowledge and contents
such as process recipes, APC algorithms, FD and C criteria, equipment engineering best known methods

3. Increasing global restrictions on
environmental issues

Need to meet regulations in different geographical areas

Need to meet technology restrictions in some countries while still meeting business needs
Comprehending tighter ESH/Code requirements

Lead free and other chemical and materials restrictions

New material introduction

4. Post-conventional CMOS
manufacturing uncertainty

Uncertainty of novel device types replacing conventional CMOS and the impact of their manufacturing
requirements on factory design

Timing uncertainty to identify new devices, create process technologies, and design factories in time for a low risk
industry transition

Potential difficulty in maintaining an equivalent 0.7x transistor shrink per year for given die size and cost
efficiency

[1] Dandori operations: Peripheral equipment related operations that are in parallel or in-line and prior to or following to the main thread PE

operations. So-called in-situ chamber cleaning is another good example than NPW operations.
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77—, — (ASSEMBLY AND PACKAGING)
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Table ITWGI11

Assembly and Packaging Difficult Challenges

Difficult Challenges >22 nm

Summary of Issues

Impact of BEOL including Cu/low « on packaging

-Direct wire bond and bump to Cu or improved barrier systems bondable pads

- Dicing for ultra low k dielectric

-Bump and underfill technology to assure low-k dielectric integrity including lead free
solder bump system

-Improved fracture toughness of dielectrics-

-Interfacial adhesion

-Reliability of first level interconnect with low k

-Mechanisms to measure the critical properties need to be developed.

-Probing over copper/low k

Wafer level CSP

-1/0 pitch for small die with high pin count

-Solder joint reliability and cleaning processes for low stand-off
-Wafer thinning and handling technologies

-Compact ESD structures

-TCE mismatch compensation for large die

Coordinated design tools and simulators to address chip,
package, and substrate co-design

-Mix signal co-design and simulation environment

-Rapid turn around modeling and simulation

-Integrated analysis tools for transient thermal analysis and integrated thermal mechanical
analysis

-Electrical (power disturbs, EMI, signal and power integrity associated with higher
frequency/current and lower voltage switching)

-System level co-design is needed now.

-EDA for “native” area array is required to meet the Roadmap projections.

-Models for reliability prediction

Embedded components

-Low cost embedded passives: R, L, C
-Embedded active devices

-Quality levels required not attainable on chip
-Wafer level embedded components

Thinned die packaging

- Wafer/die handling for thin die

- Different carrier materials (organics, silicon, ceramics, glass, laminate core) impact
-Establish infrastructure for new value chain

-Establish new process flows

-Reliability

-Testability

-Different active devices

-Electrical and optical interface integration
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Assembly and Packaging Difficult Challenges (continued)

Difficult Challenges > 22 nm

Summary of Issues

Close gap between chip and substrate

Improved organic substrates

-Increased wireability at low cost

-Improved impedance control and lower dielectric loss to support higher frequency applications
-Improved planarity and low warpage at higher process temperatures

-Low-moisture absorption

-Increased via density in substrate core

-Alternative plating finish to improve reliability

-Solutions for operation temp up to C5-interconnect density scaled to silicon (silicon I/O density
increasing faster than the package substrate technology

-Production techniques will require silicon-like production and process technologies after 2005
-Tg compatible with Pb free solder processing (including rework at260°C)

High current density packages

-Electromigration will become a more limiting factor. It must be addressed through materials changes
together with thermal/mechanical reliability modeling.

-Whisker growth

-Thermal dissipation

Flexible system packaging

-Conformal low cost organic substrates
-Small and thin die assembly
-Handling in low cost operation

3D packaging

-Thermal management

-Design and simulation tools

-Wafer to wafer bonding

-Through wafer via structure and via fill process
-Singulation of TSV wafers/die

- Test access for individual wafer/die
-Bumpless interconnect architecture

Difficult Challenges <22 nm

Summary of Issues

Package cost does not follow the die cost
reduction curve

-Margin in packaging is inadequate to support investment required to reduce cost
-Increased device complexity requires higher cost packaging solutions

Small die with high pad count and/or high
power density

These devices may exceed the capabilities of current assembly and packaging technology requiring new
solder/UBM with:

-Improved current density capabilities

-Higher operating temperature

High frequency die

-Substrate wiring density to support >20 lines/mm

-Lower loss dielectrics—skin effect above 10 GHz

-“Hot spot” thermal management

There is currently a “brick wall” at five-micron lines and spaces.

System-level design capability to integrated
chips, passives, and substrates

-Partitioning of system designs and manufacturing across numerous companies will make required
optimization for performance, reliability, and cost of complex systems very difficult.

-Complex standards for information types and management of information quality along with a structure
for moving this information will be required.

-Embedded passives may be integrated into the “bumps” as well as the substrates.

Emerging device types
(organic, nanostructures, biological)
that require new packaging technologies

-Organic device packaging requirements not yet defined (will chips grow their own packages)
-Biological interfaces will require new interface types

TSV—through silicon via
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DIFFICULT CHALLENGES
Table ITWGI24 Environment, Safety, and Health Difficult Challenges—Near-term

Difficult Challenges > 16 nm PO
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Table ITWGI12B

Environment, Safety, and Health Difficult Challenges—Long-term

Difficult Challenges < 16 nm
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Table ITWG13

Yield Enhancement Difficult Challenges

Difficult Challenges > 16 nm

Summary of Issues

Detection of Multiple Killer Defects / Signal to Noise Ratio - Detection of
multiple killer defects and their simultaneous differentiation at high capture
rates, low cost of ownership and high throughput. It is a challenge to find
small but yield relevant defects under a vast amount of nuisance and false
defects.

Existing techniques trade-off throughput for sensitivity, but at
expected defect levels, both throughput and sensitivity are
necessary for statistical validity.

Reduction of inspection costs and increase of throughput is crucial in
view of CoO.

Detection of line edge roughness due to process variation.

Electrical and physical failure analysis for killer defects at high
capture rate, high throughput and high precision.

Reduction of background noise from detection units and samples to
improve the sensitivity of systems.

Improvement of signal to noise ratio to delineate defect from process
variation.

Where does process variation stop and defect start?

3D Inspection — For inspection tools the capability to inspect high aspect
ratios but also to detect non-visuals such as voids, embedded defects, and sub-
surface defects is crucial. The need for high-speed and cost-effective 3D
inspection tools becomes crucial as the importance of 3D defect types
increases.

Detection of non visible defects e.g. voids, embedded defects, and sub
surface defects in the structures.

The demand for high-speed and cost-effective inspection is crucial.
Large number of contacts and vias per wafer

E-beam inspection seems not to be the solution for all those tasks any
more.

Sensitivity of the inspection tool to process variation and definition of
maximum process variation (control limits).

Process Stability vs. Absolute Contamination Level — Including the
Correlation to Yield Test structures, methods and data are needed for
correlating defects caused by wafer environment and handling with yield.
This requires determination of control limits for gases, chemicals, air,

Methodology for employment and correlation of fluid/gas types to
yield of a standard test structure/product

Relative importance of different contaminants to wafer yield.

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009




¥ T 47 Y~V 65

Table ITWGI3

Yield Enhancement Difficult Challenges

precursors, ultrapure water and substrate surface cleanliness.

Define a standard test for yield/parametric effect.

Wafer Edge and Bevel Monitoring and Contamination Control — Defects and
process problems around wafer edge and wafer bevel are identified to cause
yield problems.

Currently, the monitoring and contamination control methods require
intensive development.

Difficult Challenges < 16 nm

Summary of Issues

Non-Visual Defects and Process Variations — Increasing yield loss due to non-
visual defects and process variations requires new approaches in
methodologies, diagnostics and control. This includes the correlation of
systematic yield loss and layout attributes. The irregularity of features in logic
areas makes them very sensitive to systematic yield loss mechanisms such as
patterning process variations across the lithographic process window.

SMLY, resulting from unrecognized models hidden in the chip,
should be efficiently identified and tackled through logic
diagnosis capability designed into products and systematically
incorporated in the test flow. It is required to manage the above
models at both the design and manufacturing stage. Potential
issues can arise due to:

a) Accommodation of different Automatic Test Pattern Generation
(ATPG) flows.

b) Automatic Test Equipment (ATE) architecture which might lead
to significant test time increase when logging the number of
vectors necessary for the logic diagnosis to converge.

c) Logic diagnosis runs time per die.

d) Statistical methodology to analyze results of logic diagnosis for
denoising influence of random defects and building a layout-
dependent systematic yield model.

Test pattern generation has to take into account process versus layout
marginalities (hotspots) which might cause systematic yield loss,
and has to improve their coverage.

In - line Defect Characterization and Analysis — Based on the need to work
on smaller defect sizes and feature characterization, alternatives to optical
systems and Energy Dispersive X-ray Spectroscopy systems are required for
high throughput in-line characterization and analysis for defects smaller than
feature sizes. The data volume to be analyzed is drastically increasing,
therefore demanding for new methods for data interpretation and to ensure

quality. [1]

Data volume + quality: strong increase of data volume due to
miniaturization

The probe for sampling should show minimum impact as surface
damage or destruction from SEM image resolution.

It will be recommended to supply information on chemical state and
bonding especially of organics.

Small volume technique adapted to the scales of technology
generations.

Capability to distinguish between the particle and the substrate signal.

Development of model-based design-manufacturing interface — Due to
Optical Proximity Correction (OPC) and the high complexity of integration,
the models must comprehend greater parametric sensitivities, ultra-thin film
integrity, impact of circuit design, greater transistor packing, etc.

A lot of models should be operated at the design stage. For example,
Optical Proximity Correction, Well Proximity, Stress Proximity,
CMP and so on

The Amount of models seems to be rapidly increasing.

Not only accuracy of models, but also optimization of trade-off
between models might be requested.

Development of test structures for new technology generations

The introduction of 450 mm wafers is expected to impact the defect detection
and characterization but as well defect budgets and yield models due to the
large surface of the subtrate. The introduction of 450 mm wafers requires a

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS:

The cost of ownership is impacted by throughput and tool cost. It will
be difficult to maintain the throughput of inspection tools at the
45 mm wafer size. Therefore, the tool costs are crucial.
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Table ITWGI3 Yield Enhancement Difficult Challenges

new generation of inspection tools. . . . .
450 mm handling for inspection has the risk of large substrate

flexibility but also coordinate accuracy required for defect
review.

Due the large surface a huge amount of inspection data will be
obtained. Improvement of data quality and reduction of the
amount of data will be important.

Defect budgets and yield models are impacted by the unknown defect
densities on the large substrates.

[1] Cross-link to Metrology chapter
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Metrology Difficult Challenges
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DIFFICULT CHALLENGES

Table ITWGIS5 Modeling and Simulation Difficult Challenges

Difficult Challenges > 16 nm

Summary of Issues

Lithography simulation including
EUV

Models and experimental verification of optical and non-optical immersion lithography effects (e.g.,
topography and change of refractive index distribution)

Simulation of multiple exposure/patterning including database splitting

Multi-generation lithography system models

Simulation of defect influences/defect printing in EUV. Mask optimization including defect compensation

Optical simulation of resolution enhancement techniques including combined mask/source optimization
(OPC, PSM) and including extensions for inverse lithography

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

Predictive resist models (e.g., mesoscale models) including line-edge roughness, etch resistance, adhesion,
mechanical stability, leaching, and time-dependent effects in single and multiple exposure; resist
processing techniques special for double patterning

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

Simulation of ebeam mask making (single-beam and multibeam)

Simulation of directed self-assembly of sublitho patterns

Modeling lifetime effects of equipment and masks

Predictive coupled deposition-lithography-etch simulation (incl. double patterning, self-aligned patterning)

Modeling metrology equipment for enhancing its accuracy

Front-end process modeling for
nanometer structures

Coupled diffusion/activation/damage/stress models and parameters including SPER and millisecond
processes in Si-based substrate, that is, Si, SiGe, SiGe:C, Ge-on-Si, I1I/V-on-Si, SOI, epilayers, and
ultra-thin body devices, taking into account possible anisotropy in thin layers

Modeling of interface and dopant passivation by hydrogen or halogens

Modeling of cluster or cocktail implants

Modeling of plasma doping, e.g. for FInFETs

Modeling of epitaxially grown layers: Shape, morphology, stress, defects, doping

Modeling of stress memorization (SMT) during process sequences

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 device leakage (e.g. residual defects) and 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-k 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)

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

Spin-on-dielectrics (stress, poriosity, dishing, viscosity, ...) for high aspect ratio fills

Removal processes: CMP, etch, electrochemical polishing (ECP) (full wafer and chip level, pattern
dependent effects)
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71

Simulation of polishing, grinding and wafer thinning in backend processing

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

Nanoscale device simulation
capability: Methods, models and
algorithms that contribute to
prediction of CMOS limits

General, accurate, computationally efficient and robust quantum based simulators incl. 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 (incl. material models) to investigate new memory devices like MRAM, PCM/PRAM, etc

Gate stack models for ultra-thin dielectrics with respect to. electrical permittivity, built-in charges, influence
on workfunction by interface interaction with metals, reliability, tunneling currents and carrier transport

Modeling of salicide/silicon contact resistance and engineering (e.g. Fermi-level depinning to reduce
Schottky barrier height)

Advanced numerical device simulation models and their efficient usage for predicting and reproducing
statistical fluctuations of structure and dopant variations in order 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, etc.:
Morphology, band structure, defects/traps, etc.

Treatment of individual dopant atoms and traps in (commercial) continuum and MC device simulation

Reliability modeling for ultimate CMOS

Physical models for stress induced device performance

Electrical-thermal-mechanical-
modeling for interconnect and
packaging

Model thermal-mechanical, thermodynamic and electrical properties of low k, high «, and conductors for
efficient on-chip and off-chip incl. SIP and wafer level packages, including power management, and the
impact of processing on these properties especially for interfaces and films under 1 micron dimension

Thermal modeling for 3D ICs and assessment of modeling tools capable of supporting 3D designs. Thermo-
mechanical modeling of Through Silicon Vias and thin stacked dies (incl. adhesive/interposers), and
their impact on active device properties (stress, expansion, keepout regions, etc.). Size effects
(microstructure, surfaces, etc.) and variability of thinned wafers.

Signal integrity modeling for stacked die

Model effects which influence reliability of interconnects/packages incl. 3D integration (e.g., stress voiding,
electromigration, fracture, dielectric breakdown, piezoelectric effects)

Physical models to predict adhesion on interconnect-relevant interfaces (homogeneous and heterogeneous)

Simulation tools for adhesion and fracture toughness characteristics for packaging and die interfaces

Dynamic simulation of mechanical problems of flexible substrates and packages

Models for electron transport in ultra fine patterned interconnects

Circuit element and system
modeling for high frequency (up to
160 GHz) applications

Supporting heterogeneous integration (SoC+SiP) by enhancing CAD-tools to simulate mutual interactions
of building blocks, interconnect, dies on wafer level and in 3D and package:
- possibly consisting of different technologies,
- covering and combining different modelling and simulation levels as well as different simulation
domains

Scalable active component circuit models [1] including non-quasi-static effects, substrate noise and
coupling,, high-frequency RT and 1/f noise, temperature and stress layout dependence and parasitic
coupling

Scalable passive component models [1] for compact circuit simulation, including interconnect, transmission
lines, ...

Scalable circuit models [1] for More-than-Moore devices including switches, filters, accelerometers, ...
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Table ITWGI1S5 Modeling and Simulation Difficult Challenges

Physical circuit element models for new memory devices, such as PCM, and standardization of models for
III/V devices

Computer-efficient inclusion of aging, reliability and variability including their 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

Difficult Challenges < 16 nm

Summary of Issues

Modeling of chemical,
thermomechanical and electrical
properties of new materials

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 leakage currents including band structure, tunneling from process/materials and
structure conditions.

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) Modeling-assisted metrology: Linkage between first principle computation, reduced models (classical
MD or thermodynamic computation) and metrology including ERD and ERM applications.

4) Accumulation of databases for semi-empirical computation.

Nano-scale modeling for
Emerging Research Devices and
interconnects including Emerging
Research Materials

Ab-initio modeling tools for the development of novel nanostructure materials, processes and devices
(nanowires, carbon nanotubes (including doping), nano-ribbons (graphene), deterministic doping,
quantum dots, atomic electronics, multiferroic materials and structures, strongly correlated electron
materials)

Device modeling tools for analysis of nanoscale device operation (quantum transport, tunneling phenomena,
contact effects, spin transport, ...). Modeling impact of geometry, interfaces and bias on transport for
carbon-based nanoelectronics

Optoelectronics modeling

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 laser modeling

Physical design tools for integrated electrical/optical systems

NGL simulation

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 &
impact on LER); 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)

[1] In More than Moore, scalability refers to the ability to model litho-defined device variations
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B —R <y 7 H 51 (OVERALL ROADMAP TECHNOLOGY

CHARACTERISTICS )

i 2 (BACKGROUND)

e — R~y 7 H i FEHE(ORTC: Overall Roadmap Technology Characteristics) D% (3, [EFS AT —

XTI N—TATWO) NI A E T DIEE OO DNIEHELL T, B— R~y 7 ERGBFRO I
FIHSND, ZhoDRIT, m— Ry 7 BHEELITIICY o> TREER MO RS AR | Hfrr —x
YT T N—T(TWG)H COREZLHTFELEL THEHIIND, REWGETTHIEHTIR, FEARER DM W
TN AL THEMEOREEZF572DIC, ITWG X% TWG [ THx 2L~ L ToOFE B L=t
PR (HE) AT, ZOfES, ORTC RIFHBIOKIE LFEEDMPEELRHZ LI D,
ORTC RITIFIA—MUEGLOEENFLHEH S, B — R~y 7 REEZHEL TET —F 77— T DEITIES
DIZFEL GRS TS, AENZFLHES DN diE, BUEDO 8 AR E AR O Gl 7 R A TR T 528
ZHBEL TS, ZOFHIT 2008 FFITBHMELICSET EEHMEXDE R ER>TND, 2B fTERD
ORTC HFESEDS 2009 /R T CHE HLUETIINTND,

2009 FETOMEE (OVERVIEW OF 2009 REVISIONS )

E % (DEFINITIONS)

BTl ARERBY, n— R~y T RO HATR R ORI E R BN BRI SN WD, g D TIE
HIZOWTRRZEEE LW RY, 7 74V RDFEA~y X —TiX, (LLRiOa—R<y 7 LEUL) BhE A M
DI EFEREE | Al > 7B 5 A 88 3T =v N H - 1C Z oI Z 7= F- 2R L C\D, B2 3 »ALL
WIZ 2 3 B OSSN AEFEZBIG T HZEMMETHS (X 2a D L) , ASIC (Application Specific IC:
FEE S ANTHEMEEIE) Tld, ZOEFREM- 3720, LIH TR 2O RYIE B O R &
ZHAVTHERL,

ITRS DT VI T AT + <V —DFI THRARLNTWDN, FEMDIKL TEHE, F1tnl ) —K i
JBEAAIL T D— TV AFERITIL, Bl & ZIRALRH D, 2D/ —FR JIZITRS DEFREHAEZIZEEHL T
WHHLDOHHY, LTHRWE DL H 5,

2003 4Efift ITRS Z1ERL CTWODEFZIE, Z<Du vy 7 8ES AT 72, 2003 412 85E X317 190nm |
Fefi T /=R I EE R L TWE— TV AR K ZFNE T DA ThiL, FEEEOT NAAOaHIRYA
20 1 (M1) ~—7EwF % 110-120nm LR <531 TEY, ITRS DRAM T 532780 M1 /~—TEwF
D~ — HIELORRICEL TRELED BT, LD RES S35 L% . A TR TNS
LODHLLDILFEEICEAL O N—7yF & (AL —RMEREICBAL O) @87 — MR D2 R L THEIE
LLT=E T ) — R =R~y 7 2R R CNBZEN D 0T, HOHEITRLLOMEREN 2 212725 (FlEL T,
07— MR ATY B NN 2 (5127022) A T Bk X, il OESE 7207 7 e—F
X1 =R OBURE MR DIT LTz, EEODIX, B EDOUGRITE I OBEE) Y DY =Yg ~HEME/INT
ERSNDNHTHD,

72 HIRELAS, Flash AEVRLE OFE THANT /—R 123 F RS- LV ~72, Flash £Afri% 2005
L2007 4R ITRS THEFHSIL TR BTV D, B4 13, Flash O#L L E/VEEE [T 27N a LRV U=
v (R)) B N— T F TR FESTEY, A%V 1 (M1) ~—7E>F (DRAM, MPU, ASIC L5, TR E %
PO TNDFRL IR D /R — ) IZE S TR ES TR, Fo, FEHFICHRERAYZR Flash A€V -1 D&/L YT
Ty — (HFEESBOIL) BN, BRI ANEHIRL , 20 H ERDRFEREMEAEY (NVM) D
LA 3= 1T, Flash BV EF 12> TITHIL TV,
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EfEn—R~o 7 & B2 (IRC) 1L, 2007 £EKK ITRS Tl ITRS L % DEAEO AR OB DOIRELE B
INRIZ T DI B D T IEIE, Bk &2 IR i E [ O R Z A3 —%2 85T, 3772455 DRAM, MPU/ASIC, Flash T
INTHZETHDHER ML=, B ~_721912, MPU/ASIC & DRAM $L 5D =T F 1345 & &b
M1 T BarZ7MEVTE RENTEY, 7, Flash AHEREMEATY (NVM) BL5L IFa0 27 MR LR O & %
ETA (X1 2H) TE RSN TWD, il 2 D TWG £iZ k42 ORTHIFFOBEBENTAN\—2 bR ETD
o =T HBERAL TNV,

Bl 2 DL EAE A 2 BB D2 2 TR T 5720 H@ o B O~ X —E2F IVED E T,
il # DFRD A~ — LU TERIRBMALE LD, ZRSNAEME DO LEFEFE DA THDH, 2007 FhR
ITRS LIEDZENE O —R~y 7 T, il « D827 v—7 (DRAM, Flash, ASIC) (ZfFREL 7=, £y
i), BERE (R VA& By M, oy 77— M) ORI (A —R | 85 77) EREDSIEFH S LD,
ITRS & a2 U7oU Ml 2 O thiE, WESR T R T8 OHAMEIN 71 T B 2 b2 Zebien,
ZOWH EITHIZFEL TEZE (Executiv Summary) & FHEEE (Glossary) | [FRFE 1 : A LEDOZ LA T]TFE
FIN TS,

fifl 2 ORI IT S SR E AL TODD, T O AT — 7LD Tid, DRAM O L
URITEET DL 2.5 A7 Q VA7 VOB IHEN LTI BT DI Y 9°5) DR
ROV N TUND, 2009 42 DRAM M1 /~—7E T @ BA%EIL ITRS 2008 4ELLET DA STV, 2
DINTET MEESNTHEL TRBL ST U RIXERERE O RTINS E=EE LN, K&
P2 kR LY AR 2R SR B I8 O SRR R\ T B % AT T A A T B O A RS A LA R L R e
FIELIRUN,

DRAM & M1 HEEDEMANE 2007 £4E F I FHA S A 2008 FEDO L ET THE SHD A, BT O A il B 1x5E
< 2007 4ERK PIDS D E THIR XN TS, 003D /NS5 JEIX 2007 & 2008 FERR TIZERNSDE L
ARV, FE72 2007 4E ITRS @ 2008 4F B A% 1L, FEEROREENTHIZELVENTHEA THDNE LILRLY,
2009 FBIEIZBL Tk, RERPRERETETER 7T 50 L B MR R85 KX F A 7 13 O A A
HBL—HLTWD,

BHTD Flash ATV OFHAICLDE, F e B Cld, Flash A BV O~HEERNIY 7T 7 D4
RIS FE A R T A7 Uit Td, Bl ZIE, L FIZFELSGR D E1Z, Flash ARV DI Z 7 NELRY -~
— 7w F I, DRAM O T BarZ 70 M1 N—7E T 1B EHITH4T (2010 £ £ TIZ, 3 E54E
1L WD, VT TT7 =T v AOFELSOBLEHT DL, Flash ARV DI X NMELRY « N—TE v F
D 24EHATIZ. DRAM O T Bar 278G M1 N—TEyF O ERITEEMEE 2 5T, LIz
T ZOEI7RHATHEIOBITHETe 2D, Flash AEVEAN NI HEY Y 757 4% R T7A47 Ut T AIRIRINZ 725, T4
PEDIE | DA T TEFRICET DM WL, THEEE  OHizS BRIz,

ITRS 2009 AR DO F O HAFHETR B =1L, 2009 H0 5, B—R<y 7 ORRTHD 15 F5D 2024 FF T
D IR T DENIR0N T 28T TD, LnLZRays, LIRNCHENL LTZ IRC DHARTAATHES T,
2009 R ITRS 1%, Fffrfd A 724 a7 a AHEI W CEEER D ZER SO IR &9 5 E
FEFEL QD BRI, HAERIY A7 V2 A LOEST 1 A7 TR 0.71 5 DOME/N 2 A7V TIE
LT 0.50 fi5) Z =R T DM EL THIEHMEERINTND, K 6, 7T2S DL,

ITRS 2009 “EfR D ORTC-1 THAFH A7V« XA T DMl 2 DRLEL TEIR > CNDZEIZTEE L TR
LW, 120, ITRS 2009 FERR Tl KL LT, DRAM O T B 27 G0 M1 ~N—7EyF L 2.54ET
0.71 1% (54T 0.5 %) DEAIL T AT NN IS T ARSI TS, 2010 FELLE . DRAM O M1 D%
FGAE X, 3 EY A2 T e & PRSI T T, 2024 A0 BAEE LK 9nm (ST 5, 3EY AL -4
AT DG BHEOHE/INRITA 0.8909 15T, Zivi, R OEREOME N B EE (B 21X, 2011 4512 40nm,
2020 4 14nm) Z7HHE T DR HNLILTND,

AT TELHEERD PIDS IZLDHHET — X, ZOMD ITWG X° IRC DAL 7 v B EIZ AT, =
VEINRURIT Ay oN—TEyF OERICIEDE FHLD Flash ®LE 2 A 77 VICAL Ty
Y ARSI, Flash ARV DI 27 MELRY « N—7E > F 13, 2000 40 180nm LA 2010 £
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32nm (\ZWEDE T 2V AT HAI T RS THD, V7 T77 4D ITWG B, Flash AV D 27 MEL
AU n—T7wF (BE, DRAM OTF a2 2780 M1 ~—7E T 10 BIERIZIE 3 F1TLTD)
%, EDHEROT-OIE 27 e R E ORI Z #5571~ T b, Flash AEY D=
JMELRY =TT, 2010 4F1Z 32nm (ZRIFEL 72D 5 | 34EXAIL T <AV 112720  DRAM O
AT C UERTOMAME L —RIZFECT) . LLRNES, 3 51T 2072 CTHAEIAIME AN 7
2024 2 6nm (ZETHEAD,

ITRS 2009 DX FHHEMTT —F% o 77 N —T DH LT —H LT /L% LT, MPU (& 514 RE ASIC)
ORI YA 27V« A7 (DRAM ERICT B Z7ED M1 N—TE v FIZHSN WD) G L
7o BEHHT — 2 D5 E ITWG & IRC Oz H A28, MPU M1 ~N—7E w5, H{EIZ. DRAM
DOAATMEVEILTNDH, MPU EEPERE ASIC 1% 2 A7V (4 4R [ CHENR Y0 E70 D) _— A TR L
DIETr 2013 4RI 27nm IZFEET 5, 2010 4F 45nm OIS T, MPU &g ASIC @ M1 H %X DRAM
M1 AT ZAI T BEEIZBUV-D X 2013 B2 27nm (IZREL =% 3EXAIL T AU 7o T 1
— Ry T DROEAAED 2024 £ T 2L L LT,

MPU & iEtEBE ASIC D417 B — M (phGL) H AEIE 2008 4FLRThREZ 4uiZ#i< ITRS 2009 4
MROVEZETREEES N, R AE M O3 1% 5 BT ITRS 2003 R EZ 5Tk, 1999
FEDD 2003 FEITHNT T XA L 2 EY AL (4 5T 0.5 15, 4F 0.8409 i) T 2003 4212 45nm (TS
5o XL 2009 0D 29nm D B EE|ZEET HFE T, FEP & PIDS @D ITWG 1285, EEEDOT —H sk b
AR H L7=, 2009 -0 29nm LV 1L, PIDS OFHARE KA KL 7-ET VA, 3.8 XA T -4
A7V (7.6 T 0.5 f%. 4 09128 %) DA Z HAELL . ZAAE—R~ v T DOROEAFED 2024 £ Th
&, 74 ITETHELTZ, V7T 7 4L FEP O ITWG X8R — MM —hE (2o T o 7 TRA2 S
Te) DT OWTH LW I P RZEL, RIS 2B B FIHE ITRS 2009 FEARICHEE L7,

[FEREIC, KT EE /) (LOP ) ASIC 4 —hE B %X, PIDS Ot T —Z %A L7, MPU OFE N7 —ME
EER S — N R BT, AR Z T O L CERIEL TS, (IKFHERERE oW — R RO T
H. 2008 FELLETRRIZIA B 2B NS4, & ITRS 2009 HERROF BNME ESIT-,

MOS Transistor Scaling
(1974 to present)

S=0.7

[0.5x per 2 Technology Cycles]

Pitch Gate

Figure 6 MOS Transistor Scaling—1974 to present
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1994 NTRS -

Ix/3yrs
Actual -
Ix[2yrs

|' 0.7x 1|- 0.7x 1 Linear Time

250 ->180->130->90->65 ->45 > 32 > 22 -> 16
|— 0.bx —T Cycle Time
(T yrs):
N-1 N N+1 *CARR(T) =
[(0.5)(1/2T yrs)] - 1
* CARR(T) = Compound Annual CARR(3 yr-s) = -10.9%

Reduction Rate

(@ cycle time period, T) CARR(2 yrs) = -15.9%

Scaling Calculator +
Cycle Time:

Log Half-Pitch

(DRAM M1 Example)

Figure 7 Scaling Calculator

n—R<y7DFA 1574 (ROADMAP TIMELINE )

2009 i —R~> 7 1%, 2009 FE4FEHEEL LT 2024 £ FTOD 15 EMOFREEL TND, LLETOR
—R~<v 7 Tld, DRAM 5 ORFSRDOEAT R N —ADXAI TH D, FRar 2780 M1 ~—7¢
I FNTKET DI L TUNVT, 2010 4ED 45nm D | 3 FEH A7V BRI SE—~TED 0.71
VTR DZEN THREIITND, ZIUE 2008 FFLLETIEZE D5 TRV, 2008 FFEET I CIE, PIDS TWG
(Technology Working Group: iV —2 7 7 ) —7) IC XD O D, 90nm DRAM /N— 7> F

L 2005 RIS I DB ERE DS T L, BE N BALA L=, 24X, ITRS 2003 4R CHIMEIZE
SN TC5, DRAM B O T8 | O EFREAEL TS,

PIDS TWG IZLDFHAIZHDE | ITRS 2008 FFLLFThiDZE ORTC-1 Tidk, DRAM i, M1 /~—T

Fix, EEROBEDORN VR THD 2.5 FH A7 EETHINTEHE SN2 (2000 40D 180nm %z K& L
LT, 2005 2 90nm &72o72, 2010 12 45nm (2T HETHILTZ) , DRAM HLEA— i bigfitsin/=7
— 22X AHE  DRAM O T BarZ78END ML N—TEyF D 3EY A7)0 (BETTEN 0.71 {EL705) %
RIELTHEY, K 8allmnd Jolc, =<y 7O H, M1 /~—T7E>F (3 2010 -0 45nm 75 2024 4
@D 9nm IZE 5,
TR ART=ID02, HAfrA 271 (0.71 5032 — 2 ~HEOHNE) O % EF 75 £ T, DRAM g N—
T TR, R RLGE O SRR A b BRI HESL THITOE AT A2 &3 k220, SEFE, Flash
AEVDaLZIMELRY )T =Ty F 2 —2%, 2010 F(Z 32nm ([ZETDHET 2 £ A7
AR—2535e<, ZAUX, DRAM M1 @ HEEEIZ)L T, AR 3 F5e 7L, VY7 T 74 ITWG T, Jeli
BLEHIN DO EROEATERTANEEZ Z DI TND, AR TH A, T TIZE 728912, BTz MPU &
ASIC @ M1 FRBar#7 ME0EfR—7 T ORI EIX, ZVFEW 2 AT L DORX—ATHATED,
2010 4EIT 45nm IZFEL, DRAM N—7E T 2BV, LIES 2 FE A7 L D_R—2A X 2013 I
27nm E7R D, [ U_R—AL72 52 LR ARSI LTS, ITRS 2005 FEfifLASE, Bl ShFgaIcE N2 Y TT, £
TOR G EAEA 23T =2 & D, T ORBE RO FL03, BIThEAZ L, iz n =, ¥
DOWFFECEEE RN T FA Y ERTA 7 T 500 L7, X 8a, 8b B DI L,
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SO HIZ IV R EfE (ROUNDED TREND NUMBERS)

DRAM /N—T7E T+ 5 —2D 2000 4F 180nm & N> RO E D S LTV A8, 2009 4EA ITRS 121,
Bt A 7 g BAEIZOW T, B EO TR A | FROFTENE T T 5, EEEOHCEH 72 E T
(ORTC E&HT—2 T N—TROETIVEHETHOLILTWDER, ) TIE, 2 Hifir A7V 50%HE
/L, MEERATHD O/ —REBAEIE, 1995 40 350nm 2B FEY, LL T ORCOIHT/-TD,

Table C Rounded versus Actual Trend Numbers (DRAM Product Trend Example)

YEAR OF PRODUCTION 1995 | 1998 | 2000 | 2002.5 | 2004 | 2005 | 2006 | 2007.5

Calculated Trend Numbers (nm) 360 | 255 | 180 | 127.3 | 1034 90 68.2 63.6

ITRS Rounded Numbers (nm) 350 | 250 | 180 130 100 90 70 65
YEAR OF PRODUCTION 2009 | 2010 | 2012 | 2013 | 2015 | 2016 | 2018 | 2019 | 2022 | 2023 | 2024
Calculated Trend Numbers (nm) 51.7 45 357 | 318 | 253 | 225|179 | 159 | 11.3 | 10.0 | 8.9
ITRS Rounded Numbers (nm) 52 45 36 32 25 225|179 | 159 | 11.3 | 10.0 8.9

HEARPESENHTT /7 H R (B 100nm) D 2 HinmT — X DH AV A ADE, FLWTIUEET A | OFTIENS
DICICHEBE| RS- ZLICEBE L THEEZWD, WSO T, TNENOBEDOANENEEDEE M
Lo T, 100nm/2004 > HAEED LRI O H A AR Z B e S B T DRI Z R L TV 5, 2004 D
100nm#% &5 8358, L BUITO 2009 e —R <7 OEFT (70nm/2006; 50nm/2009; 36nm/2012;
25nm/2015) K0 1 RO SIS ANV A= NENNDZEIT72 D, IRCOFEFHIZE- T, B
B 5 O OMAEDEN AT TED, HED 2001 FARITRSOEHADOHH (2010/45nm; 2013/32nm;
2016/22nm) 23S U, BV (2012/36nm; 2015/25nm; 2018/18nm; 2021/13nm) 231z H T, BLE T
T ARTETHRHE T DI E T D, ITRS 2008 BRI TOOTRCOEDUET TI, 2016 FLARE, 3K
SULF 1 HrOEEZFROTRC-1 DA RIEH O~ Z 2 EH T, 2009 FRRDOORTCOFK L, =7 & /L
T7ANDEELT, www.itrsnet) S AT TED, BT AVFHEINCEREEOBMEIZT /L ORITE F
TWTC, it H I3 E AN FRIRETH D,

ORTC DT (UPDATES TO THE ORTC)

MPU/hpASIC (MPU &= 1ERE ASIC) D M1 ~—7E>F (X, DRAM LRk, TRa 4/ Mg n—T8y
FELTC, SIERmEIERIINL TS, DRAM DR R 2008 4= ITRS E28005 TR MPU/hpASIC O
N—T7EvF T DRAM JVENTWDEN 2 FEV A7V TR ET e > RIZEET S, DRAM (21
2010 HZIBVDWT, 45nm E720 2 HE A7 L1 2013 4EE THe OV CL 27nm ([ ZEET D, £ D%, 3 EY A2
e B — R~y T ORI N U REe—ET 5 L9172 5, Flash O N—TyF 35 &heE, av#
IRRURYI T s —TEyF LEFZSHL, ITRS 2008 FEIETHTIE, 2010 4ED 32nm £ T 2 A 7/L
DX E D% 2024 F-FETIL, 3 FEHF A7 D3%e<, X 8a, 8b DL,

SEAMAASARA L (Equivalent Scaling) 2 B35 7 & AH T (Cu Bl#R KT EF (low-k) JE Mz, &
U E, iR (high-k) 7 — M@k EE &8 7 — NEMR E) I AMRER LED RN —RA T D720 |
PERELTHE ) OB E L T (X 8¢ &2 M) | filks D — & (printed gate length) 47— &
(physical gate length) {% ITRS ® 2008 4-& 2009 400 ORTC DF TR EREEN 2SNz, T TITR 7= X
N, MEL —MRITR ET —Z EPRER RSN T, 3.8 AN ER—RF TS, ZOR R
2009 40 32nm 2>5 2024 D 7.5nm ETHE<, MEIRFD S —MRAZOWTIL, 2011 FFA L RIS 3 A2
JLOMAIEDS 2024 FFEETHEX, 7.9nm ([ZEET D, ZOM], #iHEFEFO S —MNREEMELS —MNE D IR BT
/NEL72D 2024 I, FEEIRF O —NRIZ T ARINORED B — MNEXIVD T MR ELeD, X 8b &
SO L,
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ERDOV—F T HGT DI AV a— VERMEIL CER LT UTRB7 20 BEED 'Y LT,

ORTC DHATHAEIZ, FEAREH I IV BRI SN TWD, ZOIHNZ, LW BEHIBRBEIC &)
AVCWDPEIRPEZSETIE, ORTC OEMEAEDO K L, T70bba—R<wy 7 Z0HLONKHENIZ D
BNNDHD, Fex PMTHBAEDOLETIEE TIX. HFO T mtEIc B35 ICB A LB &2 EEE o v
P ADTITUVNGT A2 LT ED | HEBARFESEIZIBI1T D ITRS O A Z#ER 52 L 2 WFF L Td,
722 IE, BEOT —ZRLF 20 L, SHORET —X20ADFRELEELIZ, 2010 FFOKET 7 2EAD
RN TCHAMSND T E THD, WL<ODOE 2 OB OFE R U RICBITHE A 7 v O F 72 50 %
DOFFEMEL DD, EIZIR RN B2 R AT NV E KL kDO — R~y 7 O 7 e B AL TE=H
T 5728, 2009 D 2016 HFETOBEDOHEMERZFERL, ZOWIRZ TEH] | LFEOY, 2017 405
2024 FEFETIZOWTHBFEDOFE N EREZFEZ L, ZOWMEZTEW | LMESTHZENRBEIN TN, X 8a
& 8b [Z/RTEHIZ, ITRS 2009 FAR CIEM | H7=AHM X, 16nm LL T OH T2 LB T 570 DK EEA R
REICHREE DRI Y LT,

2009 ITRS - Technology Trends

1000

m 2009 ITRS Flash 2 Pitch (nm) (un-contacted
N Poly) - [2-yr cycle to 2010; then 3-yr cycle]
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Figure 8a 2009 ITRS—DRAM and Flash Memory Half Pitch Trends
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2009 ITRS - Technology Trends

1000

1
K X2009 ITRS MPU/ASIC Metal 1 (M1) "2 Pitch (nm)
istorical trailing at 2-yr cycle; extended to ;
[historical traili 2 | ded to 2013
- X X then 3-yr cycle]

L] X +2009 ITRS MPU Printed Gate Length (GLpr) (nm)
p Xy [3-yr cycle from 2011/35.3nm]

100 - * . X X 2009 ITRS MPU Physical Gate Length (nm) [begin
L} + + X 3.8-yr cycle from 2009/29.0nm]

X
I.. +++)_'_(>L<>1<
- e, x*)k’

Nanometers (1e-9)

’
— — — — —
' .

10

Long-Term

A
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Figure 8b 2009 ITRS—MPU/high-performance ASIC Half Pitch and Gate Length Trends

metal metal
Gate
stack
['09: 2co’s ['11: 2co’s
r L‘ (15t co: 2007)] [l (1%t co: 2009)]
Ny .

Electrostatic
control <

Channel
material

+ 1II/V High p

+high p SiGe Alternative
materials Channel Mat'ls
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%

M i g

2009 ITWG Table Timing: 2007 2010 2013 2016 2019]
(See also PIDS, FEP, ERD, and ERM chapters’ text and tables for additional detail)

Figure 8¢ 2009 ITRS “Equivalent Scaling” Process Technologies Timing compared to ORTC MPU/high-
performance ASIC Half Pitch and Gate Length Trends and Timing
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BB EIOF 7 ~TEE TV (PRODUCT GENERATIONS AND CHIP-SIZE MODEL)

ZOk7var TR, TG BLOZEOHMT A7V EDBARE IR RS, LVHDIEX, 5 FETID 2O
DGR X B2 FE L TEXI=BTHD, LU, 3HEZTLIZH LY DRAM 8L A (AR
D 4 15T, BRI UOHABEREREIZIL S DA T D84 ETO MR KRIL, Hifih12
W BAIL T DESRETERT HTREEL TRHMUENIZR > TS, 20 2005 4R ITRS ThiE~ 72181 T2 ¢
(7. 2009 AR ITRS (3AE 2 OBLEE A AN IEDWN T, Fr O N —RZ WD TWD, iU, Feimidin o
WAL/ ND 7 SADEHE I DIZ D H, TG OMSEE - PERE - E T AIKO ERIZ IS T il 2 O 8L T H e
B HEVNI R o7l S THER T HIEENL-H D ThHD,

JESPIZW 21X, DRAM 5 32 8RB SE O H it O B & U CRRFR S AU CTE T2, 1990 A% W LVl
IZEhDIEDE, vy (MPU EETERE ASIC (MPU/hpASIC) TR FESND) HiiffiX DRAM 4B ND
TETIEHDMN, AU _R— 2 TRAME AR L T a7z, 2007 4200 DRAM BLEA— D OFF RS Rz kb e,
2000 4£0 180nm HEAC LIRS, DRAM HiAfF O BIZ - T 5L 2.5 HEDO_—RITBIT LT, ZZHAERM.
MPU/hpASIC B 2ff S HTR B OBA B EE 1T 2 H-~— R %At ), )7 DRAM (X8 L T 2010
D 45nm 5 2024 F-Oua—R vy T ORFET 3FEF A7 VEIERAZENTREITND, LDV 2
YAV VRSB T DhE S, MPU/hpASIC B 13 DRAM EDON—T7 B FHIFF v 7 &M H2 iz
727, Flash ARV DI ER EHNFES T, LDV 777 458 LS b O 7=d O 7 a2 5 ifF
EHEHE T DEHIFES I TG, FRIC, B — N EEWES — N EDINL T AL o A= VR W EE T
I SRR M EOREINTHAFRFES LT D, MBI L D=0 O 7 e AH i | L LTk, =y F 72k
LB — Rk, BV Var | @ah &R (High-k) 7 — Mg B L 4 g 7 — NEM/e & CTho, 3 Tl ~7- X
1T, Flash HAifiZas 27 ELRY LV TEFRSIVTN T, Ao B i CHEE Al ez S e
WD, ZDEDNT, T D Flash £ifi13V 7T 7 1 HE#EL TD, PIDS OFREIC LD E, v X MELRY
Var OFAIEIE 2010 4412 32nm (ZEE T HE T, 2 4F A2V TR, Ltk 2024 FFET 3 A1
D3E<,

LNL7230, 20 2 SO 7 7O RITIE, WL OO AR 22 BN FET D, AN B IO
AR PEMETA)_ B~ R S TS ORI 7R E F1 0358R\ 26012, DRAMBL S CldF v 7 ~HEO e/ ME D S S
NCND, ZDTZHDRAMOHMBIF X, FIZAEY -V A HEREOK/IMEIZE S S THR TS, L
MUIENE 2O SEE/IMEDE T, B OB ER BRI LOERETELTLE), ZOBALDOE
A BN IALERIT, ATV B IS Ly vy —E0T, BV HEERE LR ROERER BO KK
BT T SO G M BN DT> TAIER 72 FEZ BRI E Q0D 20 F /hERE IR K
HODRAMYB VAR EETA7-0121%, B BT O/ IMER L EEL 724, TTRS 2009 4Efil Tl Hri
DIIATE Y M T — R LD B VBT OB ANICE TAL TS, ZHUZEY, 2011 X EOI2IE, 48D
Y SHENAIREE 72D, 12721 4 135%FH%R %R (design factor) T, fIZI/ 0 L TR LIz N—TE YT TH
%o

~vAruaratythTh, AR E R O DI AN E R T VD T E )8R D> TS, E
\ZRT DRSS —NEERRR BRI LY mTEREDS AT RE b D &7 D, ET S ORTC RIZEH T2 D
RERE. Fo 7Tk, VTS, BEREITOW T, 2009 4EfR ITRS F— AL E RO — % & T\5, MPU
I T T SHERIL, BARFO K& T v 7 SHERRFER TR ART v 7 SHEEZER LR TR 5780
FLTIE, DRAM E7 LV EEITWD, IBIMOTZ A THE BIIZ B, BT ADa v R Rx, RIIHD
ETIVOPEIL ORTC EDFEIZEH EFNTND,

7% ORTC-1 121%, HIfEmOERNZ LD LT, ROGEEMERK D20, ASICARE 1O —RNELE Ei
TIXNDA, BT L OEMEEB A i KIS T 572012, i i MPU K0iBE N s, [iE i r s
fb]. B FH% %k (design factor) , N—TE v T F—hEOFRFRICB T 25/ ERIC OV, HREM &
s arEZRLUTHESZD, £ OW T, oo (T8RS A |) DRAM H 5 & & (T8L7E &
PEH |) DRAM 5L DM G2~
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8a & 8b BT DL, DRAM L ZI7MEYN Ml N—TEwF « 2 — L ~FEOR W ERE R

2010 4 45nm DA% 3 HEOHIN A7V ESITRDZEZ FHIL TWDZEIZER LTERLWY, ZHUE, 455

11% (3 5549 30%#E/1N) 222 LT D, LLEIT (2000 4 180nm 235 2010 4E 45nm) @D 2.5 FHA 7))V IFAE R

P/ NRDY 13%/4E (2 2K 24%K6/N) ThD, koot 30, # Flash AV Z 7 MELRY Va3

2010 4EIT 3 ER—RIBATTHETFHRENTEY, DRAM & M1 (256471 TVv5, MPU/hpASIC @ M1 (X

HClX MPU/ASIC EEFEENTUW) 13, DRAM @ M1 12 2010 H/45nm TiBV D& 2013 45/27nm £ Tl
QIEAR—ANGEE ENLIE 3R —RZE DD

Table ORTC-1 ITRS Technology Trend Targets
Function Size
—&— 2009 DRAM Cell area per bit (1 bits/cell) (um2)
1.00E+04 W —&— 2009 Flash SLC area per bit (1 bits/cell) [SLC cell area/1] (um2)
ignmen o
1.00E+03 With Latest ] —&K— 2009 Flash MLC Ave area per bit (2 bits/cell) [SLC cell area/2] (um2)
' Design TWG —&— 2009 Flash MLC Ave area per bit (3 bits/cell) [SLC cell area/3] (um2)
Actual SRAM —@—2009 Flash MLC Ave area per bit (4 bits/cell) [SLC cell area/4] (um2)
1.00E+02 & Logic Gate Data [~ 5 2009 SRAM Cell (6-transistor) Area (um2)
E —E1— 2009 Logic Gate (4-transistor) Area (um2)
1.00E+01 T A He—m o D
A o e
o 4 SRR
@ 1.00E+00
T
E
S 1.00E-01 -
[}
5]
& 1.00E-02 - DRAM
@ 4f2
Added
1.00E-03 - Beginning Flash
2011 1) 2-yr Cycle
1.00E-04 Extended to 2010;
2) 3 bits/cell added
2009-2011;
1.00E-05 1 3) 4 bits/cell moved
To 2012
1.00E-06 . . A . . A
1995 2000 2005 2010 2015 2020 2025
Year of Production
] 2009 ITRS: 2009-2024 —

Figure 9 2009 ITRS Product Function Size Trends:
MPU Logic Gate Size (4-transistor); Memory Cell Size [SRAM (6-transistor); Flash (SLC and MLC), and
DRAM (transistor + capacitor)]
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2009 ITRS - Functions/chip and Chip Size
10000.00 Flash SLC
1 Tera-bit! -
1000.00 -
(2]
) i R —
g I~ I <143mm2
E 10000 N "XPARTIAT S [ s
= i <60mm2 i
= H 3
o i (11x5.5) :
a FIIINENENENENE
Ug) "HFIaihl | DRAM
3 10.00 - wa g S = 2x/3yrs
S Law!
) = 2x/1yr
2 X X X 2009 ITRS DRAM Functions per chip (Gbits)
% 1.00 A DRAM X X + 2009 ITRS Flash (Gbits) SLC [2-year cycle]
'3 = 2x/2yrs X = 2009 ITRS Functions per chip (Gbits) MLC (2 bits/cell)
@ 2009 ITRS Functions per chip (Gbits) MLC (3 bits/cell) ADDED
0.10 i # 2009 Functions per chip (Gbits) MLC (4 bits/cell)
Ave rage Moore's emm—pem=2009 Flash Chip size at production (mm2)
Law" = 2x/2yrs
=== 2009 DRAM Chip size at production (mm2)
0.01 : : : : : :
1995 2000 2005 2010 2015 2020 2025
Year of Production
2009 ITRS: 2009-2024

Figure 10a 2009 ITRS Product Technology Trends:
Memory Product Functions/Chip and Industry Average “Moore’s Law” and Chip Size Trends
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2009 ITRS - Functions/chip and Chip Size

10000000
O 2009 ITRS Cost-Performance MPU Functions
per chip at production (Mtransistorst)
«» 1000000 +—
oy _ ) Average "Moore's
D O 2009 ITRS High-Performance MPU Functions 0
£ per chip at production (Mtransistors) Law" = 2x/2yrs
=R —
% || ====2009 Cost-Performance MPU Chip size at MPU O
i 2 =
E production (mm2) MPU 2x/3yrs o
0 =
s = 2x/2yrs 5 |
8 e=Omm2009 High-Performance MPU Chip size at \ O
© 10000 production (mm2) OO
g s 1j/E)/D/D
@ O O
S (@)
2 /z/uv
2 1000
o
'_ — e —
s I260mm2 |1
= T T ey
s epd <140mm2 :
100 41 N N T o GGE N N O N N e G Y TN | sessssssssmaas
10

> T T Y T T A
%95 2000 2005 2010 2015 2020 2025

Year of Production  fig—— 2009 ITRS: 2009-2024 —

Figure 10b 2009 ITRS Product Technology Trends:
MPU Product Functions/Chip and Industry Average “Moore’s Law” and Chip Size Trends

CHIP-SIZE, LITHOGRAPHIC-FIELD, AND WAFER-SIZE TRENDS
F TP AR VITTT 4T f— LR Tz—s e P A ZXDRL R

2~3 HABIZFE T ~HEDR 30%#E/NTDIZH 03057, IEEE(Institute of Electrical and Electronics
Engineers) E4# ¢ ISSCC(International Solid State Circuits Conference)’2 E D7 4+ —F MBI HIEFK T
X, ERAEY S DN IRy 7 B OB ARSI 5T 7 AR 6 HAEICREHE L TOD (IR 12%
) L—T DIEHN(1.5~2 T LITF v 7 BT OFEREDMEHE 3 DR BR AN AAERF 3721213, By h-Fy 3y
B TV AR LR 40~60% NS EDMNERHY , EDT-OIITT v 7 HEOEMANE LD, D
¢, et i O AN BEREDMFEER A~ 30%I8) T D LN A HERF T 11T, B AR BEE OGN, i
HBREOOM b R AR T 2= OEH, Uz — eV a mfES 720 O AR FE DOHERF o AU THE N,
ZLTHTH 1 DT =— 1~ EOE A AREZEE AL (h T A B b, a¥y I D7 — N AHWET v
A NS DT EN T L0 D,

1 eD™ = — ~ B Cffi F ATREZRBERE AL O T 7B OB N T, &L THE A XD/ N (HE Mo A
=0 R T A FER GRS OM A I LD RE E /13T 7 H T O m kR NI Ko T
RSB, Bl IXEFHTD ITRS o 7 I A X7 VA 2L Ra AN R OB OF v 7 A LK
HIZES> T EBIZRDITTE TSN TND, ZZ THARE (AR 3 AOBEEIX 2 fEZ LITfF SR
UL, B, FHAT A7 VIV T ARG N 50%() Y 777 15/ 0.7x D Z3)
FTF TP A %A/ NSRRI T DT BREIER IR T8 EUGED ATRE TH DR BIXZ Dffg/ N
VURITHEITIMETED 21T %,
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A%ﬁ%&ﬁﬂ%fﬁ%ﬂf%éDMM%7§/y:f%)%’éuﬁ‘uf‘%\ AN TTFT v T YA XEIZE—EHE
FF9 2720123 BV HAERLET v 7 HED 58~63%ITHERF L2 1UT B0, R JIZDRAMS 7 7
//JX%J LT BT 7704 a (B/VTUT CaldCa=af TEEND, T/ %t ~HE) a2/ &T5
ZEDH %f_oﬁo PIDS ITWG(International Technology Working Group):FEP ITWGIZL, &/ 5 A3 HEE,
BT - T7 08 BLOT T HIZ0VOE Y MIIZE T A N—2 O T — X E 1Rt L T D, &5
[Z7ur bR AOEITL, BV ERE BAREZ T D70 ORI RIS T AR = —
AWFEIR IS TND, ZIDFT LW AR EZ 1B - PR 52 LN FEFICEH B2 DT, DRAMET T 2R
EVDOBNZYT 7774 VB, Ty ARICKkT /0 EHEREOTEEIZORTC-2AL 2B
TEF B ZMGIL WL EIZ2DEEICOWTIE, FREESR),

Table ORTC-24 DRAM and Flash Production Product Generations and Chip Size Model

Table ORTC-2B DRAM Introduction Product Generations and Chip Size Model

BRI OTE T — 2 L AT ATREZR AR #Ic kAU, ITRS2009 DFF /L~ TCDRAM /LY
T 7 70— D/ N RITERS TN T, 2011 4121 48127225 TV B (ITRS2005 Tik 6FCT—E72-
72) 2011 SEMSENL T T« 7 7 7 H—1 % 442720 ITRS2009 DEAKLETHD 2024 £ T 4 DRSNS
EATHTREN TS, 47721 Tl BV BB R 56%I12o0 T 2006 4E7>HITRS2009 DEAKAETH D
2024 FEFTHIKEWIFABAE EEHNTND, ZHLTZDRAM /LR EHESRSOMERE R FE DB ISR D A
FEF 7 A RBE 60mm> K5 1272 > TD, [FRE: F AR TROREWEET v 7P AZXDZE) T
L—RA7EBRICH D, FDT-8, DRAMICET 5L —T7 DIERITHLF 7 a%t@a)t NI EERES |
HERESY | BHIEYIEY 34810 2 2 HEFF 352812 L2, 64GDRAMBL S TRHEAETH D 2023 AL
BT 52212705, (Figure9, 10a, 10b?Function Size and Functions per Chip Zﬁﬁﬁ)

ET &7 ITRS2009 ORTC 77wy =BG E 57 /LTl #EREE > M A XT3 SAE L T SLC(Single Level
Cel)DFEFIT7 772 —La B NEDRIT VAL DEETAL DA —V o TSV THA ST S, 2009
HIZ PIDS TWG M To727 Ty 2l ZBAT 2 I AU, 2010 FF £ TiL 2 F OB A T — ) 7
FTRENLLDOD, SLCRH T 774 =TT oL 4 DEETHD, TOFR, 7T aDF v TP A X EF
UIZB W TR RE(E Y MY A )N BRI S I, 7Ty adar 2 MEDRY YT < n—
TEF IR, DTV a s F IR BESNZEN T DRAM O M1 N—7EyF 10 3 TR
ST, BN, eSO 7Ty a BEERA 3 B8R 7 0 AR O BEEH I 2 O ER 52812
725 TWT, DRAM BB i 1T b D L [FIL ~ VDUV 757 438 2T 5 2 THii> TN AH LTV
Z7 4 TWG [THEE L TD,

77w a®DSLCEy MEMTIZL ST, 2005 /T AL 7T6nmDa Z 7 NMELARYT Ya o n—TEyF &
REF T 7 H—4 PFEBIZFL, 2010 FFI21E 32nmFE TR —U 7 3 A[REE IS AL, SLCEy Mo XX
0.004um’L72%, ZDELHA X, FTAEDDRAM /A AZD 1,73 THDHITRS2005 DFigure9 (2%
Product Function Chip Trends Z/#), 77 v 2 AV HATOMMH IR 2L > T, DRAMBL S Trak7s
2Gbit({HL | i DAfiks BER E A PEMED Eﬂfﬁ:‘aiabfbx61mm2)b75>£fﬁuf“’a°fxu\2oo9 2, 7Ty
Tl 96mm*? 22Gbit SLCHLGL AL AT HEIC /0D, SHIZTTo v a A B G, FUEM TERNICE
/F®§ﬁ%{ﬁi§ﬁ“é\_<‘:b>f%(MLC, Multi-level-cell), f&RELTHEMRT v 7 HI-DOE Y NI EHIS L
72 22GbitD A D HL LAY 96mm* TR BEIZ/2 %, PIDS TWGM T2 7 Fv 2l B4 A Ic ki, 3
<~ RMLCHEL T AS 2009 AEAPESHL, FAZINEE 4 B RMLCHE 2012 AR IZIZAEPESND RIAILTH S,

ITRS2001 LARED b BI72 8 B2 X~ T, %5 ITWG 1X MPU T 7 A X =T VAW E L, IHTDOk
9‘//‘%?%7“ KA F 7 SRAM, /N BFETF 7 A X% GT Uz, 3%t ITWG 1, #ifc/phor v

HEREHGE T 77 2 % G T B INEEITE B HE T MTBINL CWD, &Gt ITWG IZXK D827 7 LTl
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SRAM h7 V2L LT 60 DR EHT 77 Z(LLRT DR —R <> 7 Tl 100 L ETho7ob D& MBS
72)e FIWTW T, ZD720 HERIZD LN ELE T HENI LR EEDNLILL TWD, BV IR T U AKX D
BEF7 7748 300 LLEDS 175 £THIESE . ZofEidrn—R <y 7 Hi s — IRz b e TSNS,
T —EE COBEBEREE(F T AR T BT DME— DT A=) b, i/ S8 E U E
WX UV T T 7 XD ATREL R DR NN — T B TF DA — ) T Lo TAE BB L T2HE A2 A,

A [RIOITRS2009 OMPUET /L Tld, iBEIIMI N—TE YT 03 2 FEF A7 L LW HENEIL TV T,
DRAM®DMI1 N—T7EwF & 2010 4 45nm TR ZEL(TEBL), 2013 4, 27nmE TIL 2 VA7 V03X,
ZNLBEIIDRAMDMI /N—T B FRT7 T aDRY 7 —h e =TT LIEERIZ 3 EF A7V Do
TG, SHERRET 7 77X DT MR EDITRSE—R <y 775 KESETSNZn, EHEREMPUA L
260mm’ F TR~ 72) B LT AMESEMPU(140mm*) W5 1IZ6 L CF v 7 A X —EE BEEIZT52E T, A
FLOTZMEBENZRET 2K T D ERITHIGL DD Td,

2013 FEETD MPU 2 FEH A7 )L e N—T T BB 7 = — X 2d0D V7 I77 s OSEZT T
MPU 5T —EDF v 7P A X% BEELL TV =, LAL 2013 4ELAKE, ITRS ORI RENTWD
AR MPU 7 A XDETIVTIX, 77 /0P AN ECH T T T DA DGR S5
R=2EWHSE DL LIS TORI, —EDTF T P A XEHMRFTHI LN TEH(2013 LA 3 FEH A 71
\Z72%),

2009 FEDOWETH MPU £ /L ClE, oy 7a7 idiz>7- " MAEIZ 2 (5127253077 7o —F %
TS, Ll 1 27 HIEDDORT DA O IS ZHAREIZ 258 LD T, NI PREHENT Y
AL PEIIIE D> TR, MPU £ 7 WK D207 7 a—F NBIEDRFH L U R B EL TNDENY
DHFEEF TWG O—E L7 Eﬁ#“( &% Figure9, 10a, 10b @ Function Size and Functions per Chip 2,

[FR{E:MPU [T 1 AT EIZ, T AL — T 0.7 5, Ty 7 T —E L7 D, fEREL T, MU TR
2355 F o 1L 2 5720, JL IZLLRTDRRD ITRS 255 T, ITRS2007 DELET Tld, FDIRV 43T
T aTvE S Fo T 1 AE NI REE AT e 1AL TS, T HITEET. WA SRV O T,
2R EICaTE Ty VL 265 NI UREE AT IR 2 (R B, ]

B OTHENE MPU O M1 N—TEwF D 24ET T )0l P A7 NVEEREL TWDADO T, BIED MPU Fv
TP AR T IVTIE, Fo 7 EOBRE(FT L VAR 2 I 2 [EIT72 DLW R )72 25— T DL &
2013 42/ 27nm £ THROZENTED, 2013 FLURE, #2000 3 I AV IR D(— EDF v 7 A X R
VREMERFT DI 0)EICKIG LT, ATy S v D RZ T B —T DOIEANT 3 S SR T
T 5, 2013 FELUES BRI E TORREA BEVED R U R EHMERF 921213, MPU OF v 7R EFE B X
T av AR EHE 1L, AR 2V 757 RGO A —U o T2 TR ES DR FHUAMNT, L0 E<D”
A=V 7R R G T O R AD SGEE IBINL 72 X722 5720y, Table ORTC-2C & 2D |2 MPU £
TIOFH LN BEEZZERNLTRT,

Table ORTC-2C MPU (High-volume Microprocessor) Cost-Performance Product Generations and Chip
Size Model

Table ORTC-2D High-Performance MPU and ASIC Product Generations and Chip Size Model

ApEMER T BT A1, JE T ADOKE AT S TR TF v T OAEREZIEINLRT U520,
1 [ DOFESETHEELT 7 %7V N DRENTAEPEM: M L F 258 ) ThY, ZDJRENIIXI Y 7T 7 14
EDTA4— VR AR BLOT 2= NZTVNSNDT T DO AXET AT RIZEDIRESILTND,
INETIRII T T TIABNT 4— VR ARIZT 7 /a4 7L 2 AR I L TV T, AL ~LTO
KT T ARXDBEERKTHENIER AL TV, TOFER., FEFIIENAT Y T ERT 4—/LR(26 x
33 = 858mm’)ANERL ST,
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UL, kARG S o1 B2 NS KRERT 4 — VYA R gD Z81E, KiEZpa 2k ERZ24<
EVIZEMN, VI T TTLAITWGIZEO RENTZ, T D726, VI T T T ATWG TR KD T 4 — VR A X%
858mm* (2R | fl x D ATV Ly 7B DOF o7 YA XOFHEFE RBLORET MIESNT, RO
TA— VR AZXDOHIPFAN TERT 4 — VR AXEHIEL D2 IR TR AFER S 27 41—
VR A X P72 D30I LTS,

DRAMT > 7" A XX, EHIIC, iebREERFE N — T T LS N AN TR RV 77 4T 4
— LR e P A RZm & RSN T&E 7=, ITRS2009 DDRAMT v 7 WA X+ 5 )L Tl AL~ )LDOF 7
YA Rz KA XTI 858mm° L0153/ NSV 7T T 4+ 74— LR« H A X 750mm* L0E/NESRREL
T, D7eEb 1 EOBAL L - F o T YA XN T 4 — /L ERITINEDL IO TS, 4 lE], ITRS2009 O 5
PEDRAMT 7 %A XET /(60mm> LN/ NSWTF o 7 XHERF S BAZE) Tl A7 h 9 [HOF 7 %
572mm’D 7 4 — /LR NIZILD TV,

T )a WA D A=V 7 e VR EFE(TRS2007 TO 6£ 0357270 AP AZETeA-T 774D
fa/INEDRATIZIY BEAZERL TWD, 22 TIEA T F o7 By hOfE# ) A% 3 A7
IEVBNWAE =R CTEHTIZELHFRL TWD, UL ERRDOEEF 7 A X T LTk Li=doiz,
2011 AETHIEL C 4 {51272 > 7-DRAMB G FE L FT- M A TR G R BIET v 7 A X HEE 60mm* % 5 &
THEMEENATR G R T T I ARXBIONII T TT 47 40— )VEDORRNTHAFET HIZIE, BINT5
T F T MEERBD T EWVOELR AN E LA LIS, ZOERIZ, DRAMET LV TERIEDOE v ML
T 7% | FEEOE A—T OIERID R TE YN Ty T O R 34 THEIEEVD JDp D E LTz
—RAEn—Rvy T D% ECTHRTHIEICIVIERTHIENTEIZ, DRAMET L OFT —4 Hi%E%Table
ORTC-2A¢ 2BIZ# 5,

TI0V aDBFEF TP ARXETT NHKFITBIL, S KOEHAHERTF v 7 VA X% 143mm* L L7,
7T aDE RS T T OFEHEE 2 RIS ERSND BAEEEZHERFL QD ARY =TT D 2 FHA
IV 2010 5/ 32nmETIER L, 3E VML 4 B Y ROMLCEMADZEIZES T, 7Ty aflihoTF 74
AT 2021 IZEAHET 143mm> R I AR 7=, 2022 FEIZITF > 7 YA RIFZZE R MBI A TR S 72
BRI ARTHD 200mm* 282 CTLEID T, FERDITRSALTIZE vk, B/LE T IVOEENLEITRD
PH LAV,

U757 4 TRROERKRT 4— VR AZXOMERHEIL, @ PEREMPUSCASICO HIHIE AR DT 7 A KT
FoTRESND, ZOVARIZ, V7 T7ATWGIZ L Dl KA TFATREY A X (26 x 33 = 858mm’) THEIL TX
HEBEM 2T 4 — NWRYAXEI2D, v ATERL ~JU TR RIL 8XIT/R D LIVRWD T, ZDE 1213k
KT A4—IVRHAZXZHALED 858mm* D HFD 1,742, T720H 214mm* Kl 125 | X FIF o b2 e AR
SND, IRTA—IVRFAXDRR L ~ A7 5RO 58I BhE T 25E/MIX, V777 4TWGIZLY,
VI TTTADBED R TRENTNWD, LT DI KT 4—/VRVA XX, Table ORTC-3 (Z/RLCW T, 20D
fEVZITRS2007 @ H A EZE o> T,

[RYE B LWS ATIEE AR N T D7D v AVEHR (7 A7 LT z— N LD /R — A X HR) D BLTE
D 1,/405 1/ 8ITEDDARENEND D, TDOHE | Tx— N EDOT 4= VRYAXIE(1,/2)x(1,/2)T 1,/4
(2720 Uz — N EOFBIEFEIE R EWHDBLS O BIIAR 207 18 TH D, |

Table ORTC-3 Lithographic-Field and Wafer Size Trends

ITRS2009 (233175 DRAM €7 /b, MPU €7 /L, M N7 Tv L 2ET /LI, DRAM & MPU L7 o
DREFTBIOT BB AOUGE HIEA K CEXDMEINIIDDN > TND, R TERWGAIX, BIEOr—
Ny T PRUTICRO RERBNT > T A XD T ~DIE D3 mELD, Fold, A Fy 7 HaelcBa+
%”Moore’s Law” DN SIBITIR T 52812705, WTNDOFERTH, AN BEEE DR SR
PEFEDAFENER EEBIR N T A B REDI R T4 T 72 A L "I Neb e b3 2810705,
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IAMEIRDE S A3 e E LT RS IDF 0% 77U RUIZE ST, 200mm 71 & R REME T —
AL —"To5 300mm TA L DAEFEVEZT L —RT v 7T HZE(FRFZ, 777 OA&FERZ N ESEHTED)
DRENEDIP O TIRNFEHINL TOD, Lo, EFIFZOEAL, RO R RS RIR, 12X
T EOFBENAED, BHREE DRI S DI L7257, Table ORTC-3(FEMIIZ 7 rY b R Bt A
DEFENZHHFAS TODNIZH DI KT = — " ERIZBEHT 2L, 2001 FFIZ8aE ST 300mm 71 BE S OHE TR L
AL TNT, 300mm Ve — N IA T I T x— NEHFED 50%I1273EL TUVHD,

BELWDERBERR DU Lo T A REME R EDT —2AZ — LU THIRFSNDIRD 1.5 50 =— A X =
450mm 27 = — & W C i O S8R B PE X T OB L2 DX A 7 b B % 52T 7= (Executive
Summary @ 450mm D FE(ZFLHR), Z OGS, 450mm EpEME R 7 —AZ — O R HERFE 2N ITRS IRC (24X
STHFKEII, 320m(M1 N—T7E YT )T 2012 2D/ ATy b T A2, 22nm &EPENL BT TIESeimo
MPU - A€V - 777 RURIZE ST 2014~2016 FFITHEEETHIIITITARDEW) TIlIZ R -T2,

LNUZR MG, DR [8) X DHEME J) (VY 7T 7 A Bl okt - 7 e A0S E) ISR Y 2 — b
HWOIZEBLR o TG E | EFEEOR EREL TRORY = — O HEZIE T 50>, HOVITAEFEMEZ
] ST DI A% DR OB DB OfFIHR A 2T IUTRBIRNTEAD,

R B 78 DDA « OH D FEBELAIR DY = — /Y A X ADEEHRD Z A T IARAFL T, el DD
BRI T O PEMEET VB L ORHE T VORTLE RS UE LD, ZOXIRPEERFDOET IV
{¥(industry economic modeling : IEM)I&, SEMI(Semiconductor Equipment and Materials Institute)&
SEMATECH(Semiconductor Manufacturing Technology Institute)23 5 [7] CHEREHIIC & AR L EM@1E%
T2 TWD, b MEN 72 ZE1E, FOROEANTAY - BRI ZERZHEIC T DL LB ICHEIESNHHFZEL B FE I
X DUV R BB AN = A LA B E T2, TR T TA T ROTF v T A= DL DI TR T D,
WP LETHHENIZETHD,

PN =PI T T DMERE

NoRELE UV, YRy T B4 haxb, B

F o7 OREREE E DTN V) = — A F RIS L TIN5 7 A28 vy M AT
INVBOERBLE TR T D, —KNICIE, Ty T NORNT DAZ ORI 5 &, £~ AT
(VOYEZ DA TN B2 X N/ B A YE N3 % (Table OTTC-4 42 ),

IR EIR 77 ROF v 7 ~OHG X, B FT O Hw b L H Mo ) EIZ B Th s, MPU
S MERE ASIC BLALIE ITRS O —R <o 7 #AMIZ 3~T7k 73y RIZ725, MPU B/ REIEZ o #iEIC
# 50%HE ML, ASIC DF 7" BI20 D/ R EUE 2 (512705 THIZ LD, 2 FEF OB CIXER -7 70K
NyROEG PRI S, HAE)7 MPU O3y REUE, 1/3 28 VO {557 YR T, 2/3 WEJR-7 TR\
RER->TED 1 #D 1O EZ/3yRIZHLT 2 »OER T TR/ REFF>T%, MPU L1320 X
FEEEMERE ASIC BSOS REIE 1 7D VOB H/3yRIZH LT, 1 »OEIR 7T REFio,

Table ORTC-4 Performance and Packaged Chips Trends

A&P ITWG ([ZX0iRtENT= v r— U e Y 72 AN (Table ORTC-4)13, 5 34 D Bl % i 5
(manufacturing economics) ~DFkEHZ/RL TS, B2 Y720 AN L TN, Fo 7 NDR T VA
ST EBOEINT DL, o —V8 R — VBN LK T D& TRISIVD, /ST —2 0 7 BRD
VR ANIBEFEEINT AHZ LD DT, Ny — VN A= E ST, TANDEO B MR R 2 f2 {1k
THZENRERFREERD,
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FEH ﬁfi%@i%u\%?&ﬁﬁ“ SLERBE(C AT, BREFCU AT AR T A /RO FED T B H T R i
PRI BT, LAY Y Tz!%z») BT, PC %#”%ﬁ@biﬁjﬁii??é/wT&%
A DTARNTIBLRHER /Jiz/}{tﬁﬁ&focéo INHDONAT 7T, 2 FEICERRIX 2 51725, 2

AU D HEEARA— T CORMBE DTG ERE Th o, EFEJ 30%FE71 i%zhuimt%(z HEFIZT AR
ITEDLT, Ty 7 U-0OREIL 2 512725, DFED, -3 29%) THEEE(E v R, N7 U AX) YD ARHR
Tzné&b\o ITRS DFEFHIERIZILS, HERIANTA /N TH D,

H L. FFRO BRI O ZHERF E IR T T 5E 0 ER O Y720 aANI FRA03 AL 24720
DN AL NEINT 572513, 15 /] D ITRS 2—R~ v 7 HIl T, b=/ O8I o 2N 5 5151
7R — VR ERITEINURE T, ZOREREL T, RIS~ — v 2 RIBIZHD S8, IFFEB s L T84 e
REJI~BEERE NI ZHIR 352812725,

DREFMDS, < /LT «F 7+ FY 2—/1(System in Package : SiP)<> COB(Chip on Board)X>Z DD AIE
E’Jiﬁﬁ#ﬁ%%)ﬂb\t SoC(System on Chip) ~DIEBEFRAITLD, VAT ABIKOE U EE R ARSI D,
PEZEFN A EE DWW HE) ) D— DT> Tnd,

H% EX T2 DA G ANZIRD SEIRDD | HERE %%t%bﬂéﬂié%:k [INA T, HISEERE, (K= AR

X DT EO AT D0 WEE OTREEZRMT-T 72012 1.5~2 T v 7 OBREE 2 f512T
5&“95“—7@@&%75)?’@”'3‘5&9 CJVEETERE FELE LWV ER B HD, MPU D4
R YTV OWMBM B EITIIAET, 1.5~2 FMITHAEL TEe, Ll EIOr—R <y 7 Th FHIS i
T2, ET D ITRS2009 [2RBWThH . Ay« TF o7 B E OB N ERE 8%LL FITIE TN +5L T
LCW5, (HEEf#(Glossary) TE M T 002/ A r— U 7 ANC LTI E TR S L CE M HE
6 FIZERAE . e ATO Sl 27— 7 | L BRI Tl i 2 — Vo 7 | (R T v 75
— R ENTEHEFRE ST —F T/ F ¥V 7N 2T OWFEILL > TEAIN WD, 20T —FT7F %
RVTZRY T QYT HEE A LR35, BE D SoC R SiP L AT AL~V DOHERE Dk
It nI eI T2,

MPU #4514 1Z35 TiL, MIPs (Millions of Instructions per Second)® HNL CHDIHMEEFE )X, [7—F
T F xh i Bl(7ay 7 A7 VYK T DA BN L - TN D TR O %A (a7 JEEB)D
MAEEZELUCERAESND, J0&EERBEERIC T o=—X1L, FiLWn I mi R 8&EF, 2y —HdlT
DBRFE Ak L THR T2,

INHDOBE T _XMEIT Table ORTC-4 [T BLEFU TS, Table ORTC-4 (21X, v 7 D KIERED
B2 TR D72DIC5% 7 TWG ([C&> THREESNZIH H 3 & 5, 4 LS A6 i U de KB 2K
(X, [ 72 A PERE(on-chip, local clock)IZIEH2BAMR T 5, BLARIS LIFACBRE AR O R EAE Al
LDEFBEEBIEDHIZEY, T T NEBDD(E 5O & local” B S D ZE B3 IMT5, £ D
DIE S HIIE, TAYRURE R —D V=R DAL F 75 AR T 5, 7. 7y 7 F v 7 Hefeid
/597*V“G$Défr$?ﬂ%%ﬁﬂ@fs?< Mk —DBEMZR T ENL LR, T 7T NOfE S EEIROBLE
Z At 3 A72DI2IE., BRI Lkl D2 EN IR NS, BCRROHIM LN A % bk 358, T
DEET T AT ivob\’C\ EHCHLO Cu FARPIEHA B R OB D4 & LA Y igis Bk s Lo g IR <R
S5, ZEACFEL £, R EOBMER X (off-chip; £l A&P DFEAZWR)ZHINSNDT-DIE
Hans,

BRI RMEEE (ELECTRICAL DEFECT DENSITY)

DRAM, MPU, ASIC DELIKMaOEEIZE T2 (BFEDHIT 83~89.5 %DT 7 A& ER T 5D
VL) B B A% ORTC-5 12789, DRAM &t~A 77yl onWTE 2 THRELZIOIC, &
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Fo T SHEET MIIESERBRDT o7 SHELBEL T, PR ATRER R A R L T D, 20 k| KF
NOT —=ZIEETAT I ATV ONEEL ~IVIZTREHRESNTND, B A EIZHOWTOREIZH T
K& LT, [A—Bdli /) — R CTORRLTF T HEICBIT DO KMEEEFE T8 kD, #IZ
BAHIL VD7 e A HEMEDFEIE LT By« 5 A~ A2 B O TV B, 2009 4E 1213
V7574 TWGETT —%2 7 7 = \DVEENELTH T, B ALV —_AZATV, 2010 FLETHRDT-
DOIZ B AL OIE IEZAT) T Th D,

Table ORTC-5 Electrical Defects

EIRLIHEE T (POWER SUPPLY AND POWER DISSIPATION)

WSOMMDER (JHEE S DK T M P AZF v 2 VEOHE/N, 77— e EIREiEMtEom ) 238
JEDEZHE LD TS, 2 ORTC-6 (2T X2, BfE, BIREEDOMIL., FPHE VDI, zm/;t%
ED HIEETEZHILTWA,

FEE DV fE ORI, HEDICIZ D\ T L )2 [RIRF I S i b 32T O — & L CRel b Tl
D %%é ﬂiﬁmﬁﬂ%TﬁE%ﬁ EIEOFPHZL =5 CWD, EMEREZ 1o T 0.6V Vdfifiid 2024 4%
TITZERSIVRNTEAD, Ve B A ARTEE 5 ) S AL T 2021 212 0.6VEAR-> T, 2024 4

if IIBIE T D281 TEA9,

B K MER (MPU ) 1% 3 DA T2 THRREND,

1) m'rﬁzﬁﬁ;«%y7-77)/f~~/a/ R =V D=k I NHFREND,
2) AREMRY HEPERE ORI E B B b EH

3) T*-é@z%%%%%@éa WZEZDEE (R AL, #E547)

RTOHTIAYT AREEEOERIZH 0BT 2RO E I TEHE &L, 2009 F£0FEK OTRC-6 |2~
IOz, B —EL WD, BIITHE O IMNEHELED THDOE, @mWWT > 7 R k. Blfr 2k
DA RSP, BIOEEEIHENIEIN LD b3 2F v 7 LR P RE D7 —k -V —7 (i)
DRI ETHD,
RRIHEE e R 0720 O IERmIL 2009 FIZRLESIZ, 2010 £FOu—R<y 7 T, &REteT
YTV —=D ITWG IZEDFHRET NV ESET LIc, ZOET VTR, Ty 7 BIkOHBEE N2
FTHENDIDIE, LA, FEEDFRY FAR Y (hot spot: FEELED ZUVEIK) 2 & I AL TS,

Table ORTC-6 Power Supply and Power Dissipation

22 b (CosT)

FORTC-7 1T ARDHIA)Z 7R L CUD, BERES 720 DI AN AR 29% I (2 AT 0.5 fi%) 28
AIREZRZ CI T BN PE 2 R A R CTHY | EMRS E2 MK F LM ER RO T 1.5~2 T LIZF v
7 FHSBE DS AR D SITF A2 LIk, G SO BEHENFER Th D, ZOTARNITEIE RS T2
7o8b WFSEERRS R P & B R P CIX RO R S E 2 I FERE L TV w2 iudZebreny, Tdiz
DOFEEFAN—ATIZE, BIET A ~OBREREFEIT EHO—@E2ill> D, Lol BRI 8 A
PEZEIL, F o THELa AN IS E I, ERITEE R INC K-> T, 1.5~2 LT v 7 H -0 Ok
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BEfE 2 HRHEL TR, S Va DOem’H -0 Tl B B LF —Ea R el TWD, Bl DM RE LR 1H T
DR AERFEE DR EAE XA TEEART VU ThoTz,

LML, 4 HOBFHTHSGEREO IOV DRI E o ANE NS 2 bt RL, Ty 7 b=y
AANEHIE T D720, A ETTF v T HIZO OIS DAL — R (A—7 OEAN IZHEHZ2IZ T D,
ZDT= R AL, PERFEEDOREES T THTE, RULD 72 EEDH 720 D= A NI
S AR T 2 L WET LA LRD 72T TR 57272 CD, D728, 1999 4R ITRS TIHATE
DOHNEE KT HHLVET LBIRREINTWD, Ty 7 Hi0Ea AN L OV IR AN # (average
selling price: ASP) T 2 -2 LITHEREMF AR ITHe it L TV D, 2001 & 2003, 2005, 2007 =L T 2009 4F
K ITRS Tl BAR LS CHME T L2\ 0T T T —i%EE (B v b, b AZ—5) 24720 29% D
AN E 2D, ) 29% DT AR, FE A1 (1999 FELLRINIL) . 2= b T2 DI ANE 1.4xEE D
HIET 3FEILIIT 7BV ORERE 4 [ OERZIRIET 2281k -> T ERESI TWAZEIZIER SN
70,

ITRS 2009 FhEDODRAMIS L UOMPUD AR E 7 /L%, LERPEE DR FIEO R E) /1 LT, e
PEMESHT-DOIAANDFEIEL T 29%HIJHL — D =—ZX%AfFE el T, ZD72H, DRAMBI U~ A
a7y ONTEIARIANE Y MRIAN T U P AZ D ACNEA 23R E D701, ZOHI
7R REH -V DA RO 2 L TE W5, S £ TOMmNLHERN 5L, T ) FIAEED
I ANE RN 2009 FE21EK) 1.3 A7tk (microcent) THAHZENRINTWD, INZX T, FDOE5ETOD
1L, OLD>ODRAM AN TITAEM] 45% D ANE Y MBI HIFF SN D RETHHILERL TVD,
F'F ZHUCHHEL T, =AM 7a7 aty oW TART — X &> T T T X A2 i a5 T
WD, FY fEREL T, MPUET LTS, [A—HARPN T 45%DHIIL — ML LH 10, AR TR Apax]
[NZ P AZ DEIEE B 29% /4 5ME FH S Tund,

ITRS 2009 #EhE TIEMPUT v 7 ~HEET V& KIBIZHSGT LT, i%FHTWGIZITRS 2009 4T, AFL
VDI DT —H2ELET WIS NT, MPUET VESET LTz, FTLWET VEET VT, alvr by
2B DSHENN I T FT 4 DL—k (FETH A 70T 8 0.7 5D ~HER /N B L 0.5 (50 fEHE /N OEE&T
WHEL TCWAZEERLTWD, ZDH, MPUF v 7~ iE2 —ED HEETHS 140mmAffo7-0 ., b
VURZDENL, HI AN EIEE S LT ENTE D, Hfrr A7 DL —RME 2010 4F 45nmET 2
FA ATV 2010 FLURIZ 3 FFH AT NCEDDLETRSNTND, (- T, IDEWIANE TR T DT
ZRFORERI R CTT v 7 ~SHENHEIEFFS RO BRY , 2013 4ELIBEOMPUT ~ 7 BH7=0 DT AL E T
JETLITLOMEE LW 272D,

DRAMAEY Bk B/ O % FEAL —RE, ITRS 2009 4 ODRAMT 7 ~HEET /L B EE (£
ORTC-2 & [R) & S LT, IEEL CTW5, T4 0% EHREL, BIH 6] DFRENIZXHL 33% DikE i 2011 E
(B ASNEMFESIND, ZOZ 8T, BEMOI AN L DA M S BRSO D, BT
DOPIDS TWGHODRAMBLEZ OFHAIZIAUE, /L U T RO BEEED 56%705 2006 Eéﬁiéﬂf:ﬁi\
ZOEIFR— Ry T DREED 2024 H£FTEDLRNWETFHEIND, TNODRKIITDET LOEELLD
TR TEDAEPERAAELE I E (TSRO 100mm> TlEZe< 60mm* LA F) OF LW AR LHWEST, kD
DRAM®D 1 Fv 7 HI-0OEREE Yy MIOHEMAY —RHE FL T, 3 £ T 2 fEO_X—RERo72, 2O

? McClean, William J., ed. Mid-Term 1994: Status and Forecast of the IC Industry. Scottsdale: Integrated Circuit Engineering
Corporation, 1994.

McClean, William J., ed. Mid-Term 1995: Status and Forecast of the IC Industry. Scottsdale: Integrated Circuit Engineering
Corporation, 1995.

/ a) Dataquest Incorporated. x86 Market: Detailed Forecast, Assumptions, and Trends. MCRO-WW-MT-9501. San Jose: Dataquest
Incorporated, January 16, 1995.

b) Port, Otis; Reinhardt, Andy; McWilliams, Gary; and Brull, Steven V. “The Silicon Age? It's Just Dawning,” Table 1. Business Week,
December 9, 1996, 148—152.
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DRAMET /L D2V 64Gbittt DA pE GE AL 2013 4F) 2 2023 FEIZEDHE 128Gbit CE AL 2016 4F)
I ZERAEDITRS NG N 975 2024 FELARTIZITI AR AT REE 72D,

DRAM & MPU (28T 5F v 7 B0 DORERED (2013 4ELIKE) HIMMER DK FAMH 7=, Fv 7o

— U AR =R VAT LADL L TOT =X T I T RO DO FMAEFEEAR T — V2 7 O ELNDFIREND,
EoVEip b ERZ T Fm~DE RN ETETmELLEAD,
MOITRFRT 7 ERSBED BN NME T L2ELTH, 1 Ty 7 HI-0OMEED &1 FI- ISR E
LTCW5, 1 Ty 7 B0 DOBREDOEAE N MUK T HD T, FE MO 7T ANIET ETNEEIZ/20, 16~ T,
TAARNREL IS TWD, ZHUE, TAXOAAN EFIIKMEINTND, TANSNAE VLI 5 (3%
ORTC-4) , ZAUTERDI AN (CoO) ZHEMS DA FET DM EFC D AZ LT AMEREIZ N T/ T
AL DAANBIEKRERE D, bz, fLiAZE /LT « T AMBuilt-in Self Test: BIST)FEBLI T ANES 1L
X &l (Design-For- Testability: DFT) FiERCE% 5Lk G (Design for Manufacturing :DFM) D ZE LN
A =—X|L, ITRS 2009 FRDFA LT — LN THEFWDTIFAET Do ifLWERBAIZT AR T 24—
(Test and Test Equipment) (D & Tk <25,

Table ORTC-7 Cost
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HFE4E (GLOSSARY)

FELRo— Rvy 7R HZE (KEy ROADMAP TECHNOLOGY CHARACTERISTICS
TERMINOLOGY )

(BT K. & 4T (ALSO WITH OBSERVATIONS AND ANALYSIS))

ITRS2009 EfR D AFEEIZIIFIEBRBDEBMETENR S END Z LIZHEB Sz

=7 DOEHI (Moore’s Law) : [ F> 7B 7-0 DFERE (B NI, RV 2280 15T o O E R (£ LT
HEERPEZEDO I 13 1.5~2 F-Z LIZfEHE 5] &), Gordon Moore M SR RLEL CHE 2 7= 1E 1,
Fo. T AAANTI A7pfliks ThHHZ L (affordability) EMEREL B BT RETHLHZE&MMIT R L, TH
CEBIDOTFEER2T AL, mE 40 FRICHTe> T A—7 OER I3 e im o 8 AR5 5
BEIZEST, —BLE~IaR U RTHY, BN Ui e R L Il > T BRI /2o
WD,

PHm1L (Scaling) ("More Moore”)

o MBI (B —EOHMIL) (Geometrical (constant field) Scaling) IX, >~ Ldur v /i
EYOWH Var Bk oRE i m) | FEEA (V= HAR & ST B 7 1) P ~HEE N L
BT AHZ LTI, B EEZ N ESHLZETHEEDH -V DI ANEHIKL , i GRELHEE ) 17
L S R NANEEL - Sl o i - N Sy el BNt = s
o HMAYPA{L(Equivalent Scaling)ld, 2/ RO L& EB I DAL, B FRIMGIEZ FTRRIZ T 5
LN OIS il FBATE T 3 IRothI72 3R 1A%1E 1250 “Design Factor”[FRUE 1 : A BV B/ O HFE
BTYPAN— VD T TESTLO )2 SGETHIE, ZHUTMA T, EHEFEIKE O ELKIIPEREL M L
éﬁéf_&)\ DA FE A — o TN LB T a AF B A B A E AL+ AL
e ERENCZ kﬁﬁlﬂ’ﬂﬁ'ﬁfﬂﬂft(Design Equivalent Scaling) (30D A FAORGII L & AT BIRG kL &6 12
%) i rEPERE ARVHE ) B M AR AR, BRETRI R LA W RBIC T AR AR I A ST,
o BT 5HEGEERRITRND) L IXEDEEB B LIZ5% 5t (design-for-variability) | {54 #
BARGH R =T =N AN —var Iay s —T 407 BIREEOERIRE) .
RfEE X BRFEDO~/LFaT SoC T —XT77F 27
o EEIFIRERFFE DT M OB RAR D e, WEE MR ON —RF
7 AL ("Moore Moore”) DFERERIBRICA B 5501 E&D,’fﬂaﬁf’c‘: SBIT, B
1t ("Moore Moore”) Z+H510 T D%t T —FX 7 7 F 27 L OMREM: N HE E T EMEREDO B
TR TELHINNTTHIE

HEBERYZ 4/ (Functional Diversification) (*"More than Moore™) : BERERIZEELITL T LEL—T Dk
ANZE DA I HED Z & 70, He7p 2 J7 1k CRAGTBR AT I A B ik 3~ 2B RE A T A AITHLIA T Z &
Z¥a 9, BERENYZEE{L (“More then Moore”) D7 7 a—F |2 X X, FET U X NEERE (T-E 203, BERGEIE
BAEIE, ZEE T, B T TF a2 —F R ) BV AT ARV SN DRBERRED Ny — UL
(SiP) R°FT > 7L UL (SoC) DEEEFIEITBATSEHIENTED,

o FXEHEANIL. "More than Moore” £ ZHI a2 7259 KO Bk e 2 vl HEIZ 9D,
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o BIRTDHEEFREAIZNII2ND) | BARDHEREF & T 2I12HT=0 . 8 &~ OBEREZ A BIED &h 20 B3 5B
DDOFLNWFRRZD LIz —vay VIR xT BT I F o —2DdD 7T a7 EIsA
N7 F VDT, £ SIP, MEMS, NAA T 7ay b7 U4 VIaE O [H RE% G (co-design) <[]
s =l —330 (co-simulation) #4TH72O DHF LU FiESY — )L,

o HEREMIZAR LA FTREIZ T D720 DORR M O MBI IES 19528

Beyond CMOS: ##£%E7 734 A (ERD:Emerging Research Devices) &1 £ %% #4 £t (ERM: Emerging
Research Materials) DV — 2 7 7 )L —F | 3EMAABLEATH 2D D TH LNAA YT NZEH LTS,
TR, BTLVIRBBAE R Z R 32281280 [RAETHMILL. CMOS Z# 2 THERERVIZ S ERIIK
MEAEFEBLIOETDLOTHD, 22T, [CMOS ## % 7= (“Beyond CMOS” ™) S IR 1%, #nE
AOVTEERESE B, MERE M b BIRITVEE B /T HIE e E OBl AL ERIND, [HTLWAAL YT 131 RO
DO DFEFEITEM TH- T, 7 —HDOEFM, 7LlE, FTFHOEHROKELLLICHIH TEobDES
R

e Beyond CMOS OfIELTIE, LLTFOLOEETr: RFEEZN—AILTE(D—RoF /) TFa—T007
T hffioll) /L n= A A FR T BEEIRe Yy 7| R A F NEMS (Nano-
Electro-Mechanicl-Systems)

TEHRBEOEM (CHARACTERISTICS OF MAJOR MARKETS)

Bt A 724 58/ (Technology Cycle Time Period) : 5D A7 —V 7% 1 iR T 0.71 5125
M, 2 HITC 0.50 51T XA T % 5D, DAZMESTo 2 — BLiEO (BIH T SEE O3 27 Ne
T a2 D) BAAR D B/ N—T B T3 R (AT AE 2 720 Tk A1) DRAM & MPU/ASIC S F5[0] 1
DOHEGERFREICT A7 u v AEE &2 b BRET 5720 ITRSOFHH A7 VO EF IR TN,
FLASH BT A TV - Z A T3 BTN NS B ER) T A D=7y F TERSILTND,
BRI O A7 XA 710E, OB THIV, AZ VIR ON—TEyFOH T,
B/ANOEZRRA T, BHREIZ, DRAMIZAZ L E YT TY—RUTE722, [T o R G235 AT HE
HHdH5,

ICH & R AT T D72 DD R — Vo 7 D /RT A—H L BT D, DRAM Tl fie/h DRy
I F o SHEICERESND B B OTRBar 2/ MEVEEERRON—T7EF BRETHD, LnL, <
Ara7 oyt (MPU) 728Dy 72OV TIE, YEES — My FE ORI I m MERE I B i ot
S~V D ERBREZ2LOTHY, VY THiEI#; Iy T o7 U TR /NS RE— BREZ L
TUW%, MPU X° ASIC BV v/ OFRAN—TEyF 7 av AERK L, @ THar 27 3dHi A%V E (M1)
ZHLTEY,. DRAM O T EBar 27 END Ml N—7EyF LOENZENTWD, i/ N—7 8y F 1d0E
W F T DOAEY L OFEKIC SIS, FEAT A7V R (1>DOH A7 VEIR T 0.71 5, 2 2DOH A
ZVHIHIT 0.50 {5 DOME/1N) A7y FIXEEREIR O | IEE M BIOEBRORIEL . T/Har 27 by A%V
/N—"7E>F (DRAM, MPU/ASIC) HH N, X7 NEDRY Y=z (FLASH #5) THHb LTV A,

T TICEREINTWDINNC, MM 26 72b T T o 2B 2 e, b7 2E 47—k
DML Z ARG DD ENAIRET, T A ADHRECIH B B ) OB B2 I CE SIS e T&
%o TEAMBOPSARAL 138 2 O ZEFFE ORI LE T OFFAN T, fix O AEDOEEITIZEL T
%, HD ITRS © TWG (HiT—% 7 7 n—7") OFFEIC LD L, ~HEOHML (F— R &7 — Mk
DIEZOM FH) XL L TS, TEMRIAL | 267203 7 ae AH 2 HT Mz T, 9 EH\EEZ R —
RA7 425281280, WHEEHEFEMEREO ER AT HnN Abhd,

MEMBOIE ) 25720 7 e AE IR E T ARG OF] (LT LHEAEL O3V Tl e L, #87E
FITHRU)IIFLL F DXt 00385 Cu Bt (K55 E 3 (low-K) & RGO B, Bz &
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i % (high-K) 7 — Mfg L 4 5 7 — NE R, SOI MR ED5E 228 Z B hT v 24 (FDSOI: Fully
Depleted Silicon-On-Insulator) , #47 —ha£F> 3 WITHED TP AH MV RO T v RV EHER
FAE R SCTIIM V ROZ — B 725 TODAS, T RABTEHEL TS DDV RG], 72k

MEAMRIPHI L ) D7D DT T B AHMT B AT RIREIZ /2 DR A INDRFEX, SHEOMR b1 2
NDORGE LT BRI TR W2 EICERESNIZN, S6R5HE A7 5tk LRI O FEMIZ DUV T,
Bl (Interconnect) M FE L PIDS (Process Integration and Device Structures) DA Z I L7200,

MRV RN EAEMEKZOIRB /) (Cost-per-Function Manufacturing Productivity
Improvement Driver) : 1 F 7 H7-0OEREER 2 L2 2 52T 2800 =T OIERIOJRE ST .
ZONERA (law) | DOJESLIZH DU ZT5R (corollary) | BFTET D, ZAUE, EZ A7 fliks &2 EBLLEE 5 1%
oot BOEEEEO R EIL, BiEHT-VDa AN (B NEIZN LR BTV~ A 7a b
(microcent) ) [Z4FE3E 29% THIHZ LT LRGN NI ZETH S, FEE AL, BEEEN 2 F£TLIC 2
27258 REHT- VDI ANT 2 T LIy LT uE e blen CEE 9D LR 29%DHIK) , L7223
ST B THE 1 Fv7 (1 27307 —2) HIZ0OaANE, BT A7k 2 FZH T 572013 1EE—ET
RIFIERB720, iU, Fy 7 axbo AiEb Sy r =V 7 OaA AL —EICEEELTEEERT D,
HULBRHEDS 3 T LT 2 fFITR D551, BEREDH T2V DAAND =R BN T 3 ETHEITRDGE (B
L THE 21%DHIB) 2, 1 T 7 (1 397 —) IO AN —EIZLE ED, 20 HfliZzfilEa AR fE
Z Ak (affordability) D7 /L1 ITRS O—RIYEE) J1E L THEDITWDAY, ZAUL, B3 OFF AL
TG OB EDI TSGR E DO MES A BEIC AN TORNZLITHIEESIL,

FIARMEBROEREINT- 2=y O A NERE (Affordable Packaged Unit Cost/Function) : 7 ARSH
I =N BIAFNT=T v T DaANe T 7 BOORETEIVEL, ~( /' FCELIRKEIAR,
FIARIANI, FIARMRGEAMME  [FrE 0RO F MBI AZF =y M & THID] 26w
Fl~—2 (DRAM 121349 35%. MPU (Z13HT 60%) &5 | EE DLW R Y72 B LV EHR S D, B
BEHTDDFEIAREEL, fFRTTIGDO N T XD NI ==X DITARTAL THY, ZOIHNZ, Fv 7~k
BLOMREER T LIS IHERR SN D, BN T ATHDLZEOT T, 1) Fiffick Lk it #E I L D%
FEDHEINET 7 ~HEO/NUAE, 2) 7= — NEROJLK, 3) BHETA I ANOHI, 4) 3% i 2RIz
FEA DD b, 5) o= axbhBLOT AR a XD, 6) Z it — VA Om L 7) 8L
T—XTI7F ¥ BIOA T —arDi#, A b TERSINDZEN IS,

DRAM & FLASH AR (8 #HRTFA 7Y 47D HT) (DRAM and Flash Generation at (product
generation life-cycle level)) : 254, HORLEHATEE S, HHTA T H AV VAL (FaL~L AEV
)L BELUL | mEE KLV BEE—2) TEASNZ DRAM & FALSH # GO FEF >~
Wi-oe Mk,

Flash Single-Level Cell (SLC) : 77> a REEFMEAETY TRAMEIKIC | YERE Y OFLIETE T E21TO0 D,
Flash Multi-Level Cell (MLC): [RIC#HEMFEHIRIZ 2 B Db 4 B Y hOT — X EBRNNCE 2, AT
ZEIRHIRD,

MPU A (BRI A 7 I A2 DHT) (MPU Generation at (product generation life-cycle level)) :
DO, HOREETEET) DT A7 F AV NVEAE (PR~ BAL L BEPEL L BPER KL
b RPEEE— ) CEASNv e my b OR G HEAERE (0 7 SRAM A& ) IZBT DI
M7 ety DX 7,

aZAREH MPU  (Cost-Performance MPU) : F+v 7 D SRAM L~UL 2 bL~UL 3 (L2 & L3) Fyyi=
DO EZHIBL ChmMiE L K a AN~ DR # X ~7- MPU 8L, oy 7 RER LY L2 Fvvi =i
—fRENZ 2 EENDS 3 HEHAN A2V (A7 VIR 0.71 %) AT S5 95,
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EPEBEMPU®  (High-performance MPU) : B — £/ 13 HCPUI T ERBEREDOL UL 2 L~ 3 (L2 &
L3) SRAMDH AT, k@ v AT AERE~ Db & X > 7=MPURL L, v 7" EOCPU= T Lff @ AEY
DOFEHEICED Vv 7 RERB L OL2 ﬂw/‘/lybi— AT 2 DS 3 FEHAT A7 (A7 VBT 0.71
i) ARZ L1595, et . MPUSRL LI A LD BRI 7o M 1, 1 RN TIka 7oz —EEL, 1
:7%@%7//x&§ﬁ%fai%éﬁéa\%@fz%o BEHTDITRSOORTCET /L TlL, ZOEMEED B
PRI RS TUD,

KRBT (Product inTER-generation) : T2 AT w7 ~HETT 7 EOBRER EMMICHEHE ST IS
ET AR BAE, A—T ORI (2x/2 4) ZHERFL S ORRFMERAE (EF v 7 - HEBI N2 =v i
e BLEIAN—E) MR T HI0IC, BEZRET D, 20 2 I LOEIAANTOMEHEIL, BrEH VD=
ARHIEL — b G AR PEPE S ) ﬁxEF’ﬁ 29% (R A7 BAEHIREIS) LDl LGk T 5, 24EZ LT v
7 EORBEREREHE D720 HF - ANV DR =D 7 (0.7 FE, 0.5xHFE) A 3 AFZ DAL, Fv
T HEITEE IS DA,

2005 4Efl ITRS =B 2 HEE X, DRAM OHIHIL —RIDOWT 2 4ET LI 2x/F v FIDY) T 34T
L2 2X /S F o1l otz, FEHAIIZ DRAM BV OREEITE RSN - )Y - T 7 2 Em =L
TR, 20DV LTy NTF v T DR EIZBETHHO TS, ITRS OERFTOEGETIX, L=
YT BN, 2010 HEETIT 4 L2508, B ES N2V, BIETIE, MPU hU DA O YR (XY 757
4 ZDHIBEE TLOHE/ N TV (FE || 3EHEEdEER), (it T, m— b7/7ﬂ;ﬁl%ﬁ% BLTC, &K
DEFEDEANT V7 NEERNFIAREET v T BT v/ - TEEHEFRF T 572912, &#® ITRS MPU
HAAFIHEREE T LD BB I HEAT A7 VB Z L2 2x b T RS [F T T b,

HARNEL  (Product inTRA-generation) : 85— & DOFERE/F > 7 L RN DT 7 ~THEY 2V 7
M, 2003 R ITRS 2B PR _R—R-F7 /LD HEEL, v—R~y 7 i O 2R 50 CF) "I RE/2 B 8T
ORGE/FRFHHIR AL C, Fy 7 ~HEEE N TS <~y1)/7wa MU ZED) ZETHD, RO
DRAM BLO MPU Fv 7~k ITRS HAZEX 0.71 08T A 7L 2437 1 #HA24Y 50%
Thod,

TELV AR —var O (Year of Demonstration) :  #5+E L C/E/ILH - 7 —R OB ST Rl REME 2
DN A I E BT T D720, 5‘6??7‘/7 A= R OEMES T NG T A, RE T T
VAN — T ar BGITKEERE 72 (IEEE, Institute of Electrical and Electronics Engineers) £ D[F
B [ A [m] % 7% (ISSCC,, Internatlonal Solid State Circuits Conference) 72L& D £ B 7 B KPEZE D F T
o, —IKHNZ, TRV AN —Tar U7 UE BABHIEIL NV E T T B AR — Ay s LUV OB
Y — B IO e A TRIES NS, 4 F T, DRAM 813, EEEOTIEHE ALY 2~3 4FJET
ST, a7 Al /—RT 34EDD 4 T LI AxE Y NF v T OEIE TREND, DRAM 7 E2 AR
L—yay - Fy 7 sHEL 6 Fh 8 AFZLICfEHL TRY, T ~OEANRRRF I T T AIREIZ/2HRIIC
ZROME/ NERIEIN B T2 D, T T SHEDRVY 77 43 d H P REZe B2 IR IV RELIR DT LD
BT Y WD BOMZEY 7 L TULFATHR W BIRIFE L ALY, ERES Db | 2T hides
AN

1 1997 #/ISSCC/1Gb DRAM, %} ITRS 1Gb 1999 4= AL-~L | 2005 FAEFEL L H1E

HADE (Year of INTRODUCTION) : SeA7F v« A—hHV0 & (MARYIZ1E 1000 HLLF) DT
=TV ST NI T D8, T VIR ESN AR R e T e ATEES L, BRRHEiO7-8%

I BRI NS, B ABINORRET 77 2 D ETTF v 7 OfE/ N RED BN T REL 22 573
ZOBGENENRY | XA L) =R TG ~D S NERF IR AEFEL T ASE L0, Fili A7

32007 FEDOMPUT ZIZHRGTWGIZ o THFTIN, 2 Blli 12T EICa TR E 2651295, BEREE /L IZ O TIFEE
<1 ITBEVDR T XA F T 2 (HIZ0BE LT, RFATWGIZMPUE /L Z DN TDED T 7 11— F (T H DR FNE
DRSIKIBLTES D ThHBEEZ TUE,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



96 /¥ rT 47 Y=V

(A7 NVHART 0.71 %) 12 2xBBE/ T 7 DEIG TEAL T, B, Ty ~EOT 2V 7Ry
"L | DVAIVIREERRSND E T, A—IAPEAELE D, TR T 7 SHED KR EZ—FEICL
TW5,

EFEDE (Year of PRODUCTION) : ST 7 « A= EE O CRIESNI-* A ERIF 7 vt
ATCHEPELBSORER W (YHNIAPE | TEERITZENLL E, Fy 7 ARy = — RO F1EICE
STHEIRD) BB, 55 2 DA—173 3 7 A UIPNIGEREUTZ4, (12 EEEOEES D EIFIX 1 » A5 12
i A O CRAZR B FEE D IMICE > TE DD, ) emi7etEiE 2 2 i/ (L =2V 7)) LBl i~
TR IO, B E N e T m e AEIRIIREGE ) OB E R DT DIEE DI E TV 2 — L
I —  Z T,

BB ICONWTIL, — R ERES. BT D T EHEGE ) TR T DIZ 12 » HLLNTHRIBE
7275, ﬂxﬁ’] BPENL BT XD 24-36 » H i T, TV 7 7 - LV BEGER R B8 L O I B 3 201585
MRS D, R_R—F LUV R IE, —ARENCAT BT LY 12-24 4 F Jesio T FEBIRER S H A~ DR
Hiw LB IR it s, f\—& LAOUVEBHIE Ay b T A2 T THEEL ~IUIZEINDDS, 52272
BN SR E A A REL T AT OIZEBENLD LI 2 AL Pu | (/BT 47 <= —D 2a BH) D 12-
24 7 HHil &i%TLfoch;’t‘fotfofib\o NAayhTA TGIE KREAFES EITRIOBEIZLL Y7 v
ERMEREHICUITUIRE a8 A2 D & ET A2 L AIRE Th D, FHIBAFEL ~/LD DRAM 73,
/N A FEL ~L D DRAM E[RIRFIZAEFEBBEIZAD, Z LT, fi/hS7eai o DRAM &[RRI K&
EPESHUTUNS (51]:2003 4F: 0.5Gb/AEPE, 4G/E A A5 256Mb/128Mb/64Mb K &4 PE) , [RIERIZ, K
EAPEOAANEMRT MPU 230 &4 PEORF > 7 m R MPU CRIRFIZAEEBREIZAD, ZL T, #i/h (&
2V 7) TR MPU b IRIRFIZ KR EAFESIL TN,

HM8E/F >~ (Functions/Chip) : FIH "I REZ2 T L~/ C, Hi—F /U w7 - F 7 (single monolithic
chip) FIZIEa AN CRLEETELE Y RO (DRAM) £/-130 Vv « 7 P AZ O (MPU/ASIC) , ny v
BHE (T 7 HT-VDORT U AZH) 1T SRAM BEI OV —MERER Y v 7 - NIV U AZ B DR 5 & & e,
DRAM #HE (o7 B0 DO Y M) 1T —F Vw7 - F o7 EOE sy M (LER) 7223 5<,

Fv 7 ~HE(mm?) (Chip Size) : FI ATRE/cfx B2 SEIO#RFH B I OME o A THES& | HAEITRK

TN R B -7 5 TRIETEL T/ VY v 7 - ARV LYy 7 - F o7 ONREWNZRHME, (7 —Z DR
SR [ LITRS D 2o B A HeSNW T, HEEEZ THI)
HgBE/cm? (Functions/cm2) @ FF5-DiHif# (square centimeter) CORERERE =F v 7 1L TEl7-H—
TV TF o7 EOBEE, Ny R 2P BN 2=\ RITAT -2 EE T, Ty EOEEREIC
F’a‘éﬁ“éaf@ﬁ’ﬂﬁfa@é DRAMD G EEE V- TLABIOMEE EELR T4 7 & O - a4
Gie, MPURLEL OGS | BB ESRAMBLIWMRE T X L-a oy OB E G T, ASICOGA . B
JERNBAE) TV AR E R ARBET VA0 v 7S — B L OREREa 7 @B ENBATY - T LA T
%o 2009 4EARITRS Tl — 72 B EREASIC (hpASIC) B 5T D LB 1T, JAE SRAMN T VAKX Thd
EPEREMPULRIL CTHHE TSN TV,

DRAM /L 7L A - V¥ () - $—k>T— (DRAM Cell Array Area Percentage) : A7 A~
T AT NDORE R IRBEE TRV T LA A TEDHN—4/L DRAM F 7 - =V (&) O LIk KX
—rT—, BRI, NyR, V=N R TAT Y AR AR DT BAT T A B R
TiX, ZOR—R T =D TA% AR CThD, Ny RBLORIIAT -2 IX, VT TT7 4 TRy
—V 7LD T, OMRANT 27 LTI KT LA ) e RX— o 7 — U0l 35 (— %
B, BPEL LTI 56 % K01 . BTt D/ NSNS a2 7 U2 A DK EAEFEST FIFL UL [EIRE) .

DRAME/L-U¥(um?) (DRAM Cell Area): FREITRST L ADE/L )Y 7774 (A) xF/s
=TT () ~THED ZFTHELEZ, DRAMAEY -Ev kL AUV (HfE) (C), B, C = Af, 71
v SEEFHE T IR, B2V ETLARRTEDE LT T2 b7, T AR A42%(E) X
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FEODRAMT T T T — 2 MO FHEIC RO D, ZD XA, L - YUY (Cave) 1EEHR FTRETHY |
ZHUZIIRTANR VO, RATGA L Ny R eV E DA — "~y RREEN TS, FHRAUICve= C/EE
725,

Znh, (B NF YT DEEXCavp) Th—HL DT 7 ZUYNFHRTED,

B 2000: A=8; N—TEwF D F, = (180 nm)*=.032 pm*; /L TU¥, C=Af=0.26 pm?; 1Gb EH AL
~ULDRAMIZ DWW TEAGRN =S )L« F o7 - 2)X D 74% (E=74% ). Cave =C/E=0.35 pm*; 5t~ 7T,
1GbF > 7 ~HETY =2 v h* 0.35¢-6 mm*/E" > b= 376 mm’

DRAM &/ -U¥-7577% (DRAM Cell Area Facto) : il (A) . 21 —T7E>F (f) O " FIZHNT
%HZ&T DRAM B/L-UY (AR (C) &K T, — KT, B -7 77238 B —TyF LD
HEAEEN L OHNTHE TEIND, (2x4=8, 2x3=6. 2x2=4, 72¥)

FLASH &/ -)¥-7724 (Flash Cell Area Factor): DRAM Z/AIL single-level cell(SLC) DT+ 77
2%, Lol Flash £EHi12/AI1CE/AREIGIZ 2 B Fb 4 B P2z BN G4 T2 S0 E, multi-
level-cell (MLC) T{RAA) E™ P17 ST SLC DEYGE/L~11EDF 5706 4 52D 1 TSLC Flash i D
EDE 4 5D 1 DRIATY -7 7258 FFOZEIZ0E,

SRAM /v -xU¥ 7774 (SRAM Cell Area Factor): DRAM LY - 777X LREIUTZMN, 6 b7
DAH (6t) OV T T FRIAEY VIR D, BENE, Hif e —Ren—T T (f) O R
IZHNT AT 2L T SRAM 6 7 P RH /L - U (HFE) 23T, —iXAYIZ, SRAM 6t B DE/L-T77
7 %1Z DRAM AEY /L 2777250 10~15 fEREV,

Yy —he-Y¥- 7774 (Logic Gate Cell Area Factor): DRAM kLU SRAM &Lzl
YT IR ERCTEMN, —fRHI7R 4 8T RE (4) a5, BEIE, Bk 2 —R e
— 7T () O " FIZHITAbTZETRY Y 4t — VY () 2 £, —RNIC, Bovs 47—
KB/ T 775 1% SRAM 6t B/LTUY 777410 2~3 5 K&, DRAM A€V /)L T)Y - 777410
30~40 fFREV,

ERATRERNT U REEIcm? (BMEREASIC, HEBIL A7 R) (Usable Transistors/cm2 (High-
performance ASIC, Auto Layout)) : "V &AEFEINLEZNLT 7V —Tavmido, BEIL AT URT
A LI D AR e DRE, @R, V—TFT 4o 7 oY T LA () ASICITA L F o7 T
LAYy v b NS E B EKEE /L (MPU, 1/0, SRAMZY) & T, BEERHRIL, M EHAE
IWDERNT D AZIIINZ T, Tl A a7 BT Uiz (B vl hE7R) T PR & e, Fe K
B PEREASICORR FHIFH AT RE/R A PED YV 7T 7 4 B EI A TR D 5,

FoTBILONNy r—U—YBEEE L EXEME  (CHIP AND PACKAGE—PHYSICAL AND

ELECTRICAL ATTRIBUTES)

Fo 7110 DE—F—ZN (T A) 73K (Number of Chip 1/Os-Total (Array) Pads) : [Fv 7155 /O
NoR] 4+ THREFIIT AN EL TRy —2 - L — T R LT I3 B B2 2 A8 D
e te) IR/ o 2 U N R TS B S RB IO S R ) O K, Zhicix, £ TOERET
T F TR ETNTR — R ~DEET TRt i e E e (R TORM T — V=R 7L —A
T =P N O OBLRREANT, B, Fv 7 EFI3R —R FITFEL2WETORRREL T, 7Sy r—
DTV BERT D) AFE VO Sy R Sy RIX MPU 28— 1:2 DHERTHLH, mitke
ASIC Tl —#%HIIC 1:1 DEERTHD,

F 7 110 DF—b—%/ (&) 73K (Number of Chip 1/Os-Total (Peripheral) Pads) : [T {5 %5
VO RyR | + [FoT7 Oy P JE0IZ a2 7 M EAR M T OB Sy R B IO S R O i KEL
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NyR«¥>»F (Pad Pitch) : Ny FIT v 7 R D30 R T L AT, 2Ny RO .Loms 0
FCOREHE,

N —T DR — D (Number of Package Pins/Balls) : /w7 —i2H5, R—REERHOE |
FAT IFATER =L OB (ZO¥IL, S —2 T L—r FORNEEBIRAE L — F 1330 —Vh
71@0)%54}5(?/7 2D, FoT TR —T Xy RO I D 7N e B D),

NRobr—axh(aAMEM) (Package Cost (Cost-performance)) : B MNELTELEZ, Sur—4
B LOGMT 10 #2f5E (B - AR — L) D= A|

Fv 7B E (MHz) (CHIP FREQUENCY)

FrFor a—hn-rayr G (On-Chip, Local Clock, High-performance) : &7 ®u—JL
LLTER 81 5, mtkRE b A ER ~ A ru T at DA F o 7 JER

Fo 7 I R—RN(FT7Fy7)EE (RiERE, AZ NR) (Chip-To-Board (Off-chip) Speed (High-
performance, Peripheral Buses)) : K&BIOVDBEAEFETTT Y7 T NAADR—REIL/SASD | FiiH)
55 1O JE K,

D@ (OTHER ATTRIBUTES)

UV I57 47 4—)VR~FEE (mm?)  (Lithographic Field Size) : &8k /) —RToUV 7 I7 43k@E D
T INVAT T BT ENIAT » 7RO, ERIT, HDEIN/ —FIZHOWTHERA— T N5 TE
T HAREMEN DD BARHAREE R T, e K7 4— /L R-HEIZORTC EARELVG KEE TR ESNDHZEMN
HY | BN IB R L EE R O 2 7oA TERTED,

BoRR B S DR AR (Maximum Number of Wiring Levels) : m— 4L, m—h L BL O o— 30
RN—F 7 CEIRB IO, 7ay 2 il w2t T EORKREE

#lEDBEM L X (FABRICATION ATTRIBUTES AND METHODS)

BERAIRDR KA B (dm™)  (Electrical Dy Defect Density) :  5-z b=l /—F, #4771
£ AETa—THRRBIZBT5, AV HIZDOBELRINERDBHD KDk,

B/h<A27%  (Minimum Mask Count) : i KECRR =25 _TEEZ%TLEELTI] AL R R Ta—| 2B,
~YAIEDEL (T 7),

BAREREE (MM) (MAXIMUM SUBSTRATE DIAMETER)

NNAVTEITTEEX T2V E21ZSOIV— N (Bulk or Epitaxial or Silicon-on-Insulator Wafer) : ==
it IC 3T IAYPREIMEA TV U= DERE, 7778 - AT 7 —ay ITWG f#ZHto
ITRS A7 BEEIE, SANCEGEH &L CGRIES 2B L& ER 2S5V g, SHIT 2009 i
IRC [ZL5C, 450mm 7 = — DILEN 2 — 2 T L DD Ay 5T A L 354 53 HEfif 7T RE 1T 72 D IRE
L PRSNAA T T EAENTD FITRE O XK BIAAME LS, ITRS [ZBIEnz,
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BB LT X FOEE  (ELECTRICAL DESIGN AND TEST METRICS)

BIREE (V) (POWER SUPPLY VOLTAGE)
BIEeYy Ve (Minimum Logic Vag) : ixat ZR G TOEEIZE T 5, BIFEODOT v 7 AR H

e
et

b—b o B T EMEBE DR K ESI(W)  (Maximum Power High-performance with Heat Sink) : 4+

He—h o Va2 T mERe T 7 Tt s b i Kh—4 V& T,
BHEMWERFOEEE /(W) (Battery) : EH/EBEV T 7 CHIBESIWOIRRKN—2NVE /1T,
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