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&% (INTRODUCTION)

BEEE(OVERVIEW)

W75 40 4ELL_RIZ720 | YHEIRPE R T B R O 2R A R L TR T, ZORICESRL-F
7RI EEZONEFZ Table A 1”3, THUTEANT, SEAERIEK A TET 5 XIS D iR NTHE
(feature size)& 44 FEEBIERATHE NI DPEE RO NIV ETIN TEZ, HbIMFEHSND
EFRLOEREZ R TI-URIE, =T OERIH 24 A TF T H70DOT R — R MER 2 [5L725)
Thbd, e TEHERIN VRT, EREEIEOEES -V AROK T, ZIUC IO EREIK A =
Vao—% BRGE . FEMMLOE LIZEERL , BFICBI DA EME SR BT GO E DR E
RYGEEL BT,

Table A Improvement Trends for ICs Enabled by Feature Scaling

M ROIE H(TREND) PEREFREEDFI(EXAMPLE)
LEFF L~ IR R NYT YT =T DIEA
(Integration Level) (Components/chip, Moore’s Law)
=X MMCost) HéiEd 72 A N Cost per function)

‘ ~A a7 utyFOLEEERE
H/H (Speed)

(throughput)

TG T DT R IF N A 2= H DN IR EERE O B

T & 7)(Power) _
(Laptop or cell phone battery life)

=z N A
(Compactness)

#EpE(Functionality) REFEMEATEY, #R7f% 5% 7 (Nonvolatile memory, imager)

/Al BT (Small and light-weight products)

(2 =V 7 H I EGFHIN DTN O DEANL, EAAONIERIRE R E ICI D TiEL 2Tz, il 30 42 T4
FRERITE T IR0, PEENTO M ERL , Z<OEFERBIZERRIEW ), 22—
T I, EDOMDE SIS T BEDEL RSN TND, ZOIH7M R T v 7 L% AR5 —8kL
T, KE OB K PE S 2 (Semiconductor Industry Association, SIA) (3K [E 8K fiim—R -~
(National Technology Roadmap for Semiconductors, NTRS) DffiEe4 BAAAL . 1992 4F, 1994 4F, 1997 4Ehfi%
FLDTo, 1998 FFITIE, STAZRRIN, BA, EE, RIEOHERTRRLLLIT, ZOr—RF~y 70 1998 4
BGETRZ fREE T 2L EH I, RO EEE-E K ilim —R <~ 7 (International Technology Roadmap for
Semiconductors, ITRS) DfEAE3ELBHAEL . BUED 1999 FEIZHIRE V-, FALLLE, BEERICER D GET
%, APBURICAREGET 21 To D, ITRS O2fRAI7: BRIIL, 4% 1 5F MO EE R O R D
==L T, [BIR A TORBO TN OWTOEER DA Y RERT2H2LTHD, ITRS
I, EREEREL T, 2, K7, 1TERERZ I U O & DR RO ST E S UG IRBI D #1272 L T
HARTA L 52 TD, ITRS 133~ TOREE THIZERI K& IO E 2 m LS RO 7 L—I X
JL— 3k L S VO BRI CHFFEBR R TG B A SCiE L T T2,

ITRS BT B) 7 A %RFo TV T, 24U ITRS OSLENSH B TH D, ITRS (T -5 RFESE
RS HZ R ) R r—1 7 (geometrical scaling) 2 DAl A7 —1 7 (equivalent scaling) (ZF%
ITL TSI EE KL TS, A— 7 OER] (Moore's Law) (IZfRFEIN DKM FEM R —V T
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TR T4T H=l 2

(geometrical scaling) 82 30 FEICHOTEVLIWREFETHY, BEEThH-7L, YA T v A—=HTlo
Th, ZLDE T, 5% EL BIETHDHHUT D, FlIAr— 7 (equivalent scaling) D BRI, iEtDA
JR—ay VTN = TR RRE, BE T e ADA )R ar iRl COMREEI TR FRS DA,
A% 10 THEARERIZ Lo T, T T EEARFRHIFELL /2D, 2001 LUK, ITRS [THT L EA BN
L CET, 2001 FEZV AT AR TA/N—D A 2005 FTITHHRITT 731 A (Emerging Research Devices)
D EE RF 77 172 (Radio Frequency and Analog/Mixed-signal Technologies for Wireless
Communications) D&%, 2007 FDHEFITILHIRITA £ (Emerging Research Materials) DEFEX T
AL, HERPESE DR A J ) LS b D727,

1992 4E NTRS LK, NTRS & ITRS Or—R <y 7 OFEARIIFHR L, L7 ha=2 ZADHkGiR 726
{b (scaling) | L HAAHERES 72D D ANAHITRL (FE S AIZIZAEERKT 25-29%) L, eIk ESREIZIL, 4F
I 17% THOIPEFM DL TD) THENIZETH T, LIzh > T, ve—R<y 713, AEIZ
(3, TEESERD =T DIERIR T DMD ML U R 2R 2720113, ED IR BANHIZR )2 BHZFE L 72T L
IX72B720 0 2 LV T R L RIS DN TEED LB D TH D,

1% 10 RN, BEOFHOFTEE AT HIET, CMOS T T BRADRES MR T DML ERHHET
HSHLTND, FIHISE 7L, TEDHZERL, CMOS F#1-50H BWRHEZS DO THLZEDHIFFS LD, Lo
LR35, TSR 713 CMOS & X CORECHERE 35 AIREMHI HKRL, L7223> T, CMOS @27 DJENIZ
INBDFTUWERER | T LSy — DL~ OL T BB T 52 e WIS CnVD,

F—rry/ 3 HARFEE- B KEO 5 RO B ZE (=X 23— O SNEfkEea PR RIS
FUITRS 2007 AL, BT EARERE R 5O I LR A RRIZ O T DIERSE JH &
DB, B DRI B BRI D TART AL ETe5TD, TTRS 2007 R4 SR ITRS D EDfR
DL, BFRF2 AL T Z Ry 7 =7 Ak hitp://public.itrsnet 2°5 % - FIRITE5L91
o TWD, [FREEJEITA O FEEEfin—F~y 7 HMZEE 2 (STRI) OV =7 %A
http://strj-jeita.elisasp.net/strj/ 2% ITRS ~DYT7723%0 ZHIZ ITRS OFFRIZHT 7 EATES, ]

R—R<y 7T OIEFIER AR

n—R<y 7 YERiER
ITRS OYERGEFRIZIBIT A AT, EEn—R~v 7" Z B4 (International Roadmap Committee, DA%
IRC LHERL) DFETIT> TS, IRCIFERIN, FA, HIE, 515, KE DA HO 2-4 4 DA 7 SHERL
ST, IRC D EEEREITLL T THD,

® [EEHAINY —% 7/ )L — 7 (International Technology Working Group, ITWG)DfFE LFH#EA1THZ L
® [TRSV—riav7addHe
® ITRS DftEETTHZL

ENENOHEAOEL, $HT DEEEHAY —%> 2727 L—7 (International Technology Working Group,
LItk ITWG EWERD) BEET D, ITWG I2I 2 DDXAT | Tbb74—UA [TWG BLOIBRAT vk
ITWG 23D, 7A—HAITWG L, it/ 7T rtR /TR 7 yr— VLW BRI O—#0 TR
— BT B % DAF YA ITKIEL TS, ZEAT Y TTWG 13, WKSDDIITAINIRAT 5T T
— /=Ty 7 TR ITWG EEZ YR — T IEE TH D,

2007 £EAR ITRS Tl 74 —H A ITWG 1ZLL F O ThH D,

YAFBRTA

B&

TANT AT 4 7 HiE

TR AT I —ar, TAAA K (PIDS)

HERREAE FH B 7 e 7 IR

BRI T AR

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



=78 T47 =V 3

Ja bR et A

I 7574

B
TrINIA T T — s
TR 7Y R

Ay ITWG XL F D@ Tha,
® HTERITATEL

BRER, A, R

ARk

Aheay (FHA)
ETVTEVIalb—Tay

% ITWG (&, FEEER CEEURT NAARA—Tg | ALESOH B OV 7T A ARZE) | BURIFZEERE . RF0H
M TRERLS LTS,

% ITWG DOREERIZIL, OB 3B O P BB R FI LE S S TG, 7ol 203, FHRGET /A A
(Emerging Research Devices) D X2 R BRI FE0 LB H 7 70 B Cld, WFFERERR LD SINEHs 7
FTAVRENLDBNER LV EZ N, a2 (Tar b R atvx U757 ¢ B ICB W TT, 3
& BT T D OBNELE KL T, T TATNEOSALIRID KEVD, UL, ITARKOH,
PRFIELRIC DUV TR RO BN H D0 T D,

ITRS 2007 “Ef1ERRICHT-> T, L1 D ITRS &% 3 FIFIEL 7=, 7 X —(7 T A, ESIA Ef,
STMicroelectronics 23A5AR), 77 AaCK[E, SIA T/, SEMATECH 73%H5%. SEMI/North America
PdfE), T3 [FRETEITRS £5i%138A C. Public Conference | T-HTBRAfE](H 7, JEITA & SEMI 2+~ %
VU RIEFE T HRAN) TITONI-E# TH D, ZNHDEHEITE ITWG A B OREESR, 2725 ITWG [#]
T2 DT 4 —T LD oT=, AT, ITRS TIXAE2 8], ABIDTRS =i 7 7L A B BAEL | i
Dr—R<y 7 DONEZBRTHEELIT, INWFEIPHO YEARE TS E RSB R IEEL, 7 —R w74
HIDNZL D,

ITRS | EAFUETSI TS, BEBUFIZIIREDUG T IEEZI T 75 532G ThR (Update) A2 581 7L Tl
(2000 4, 2002 4=, 2004 4=, 2006 ) | AP HEFZIX 2GR (Revision) A%81TL TV A(2001 4, 2003 4,
20054, 2007 42), ZOITRS D7 mERIZIY, #az T HSE(RPEE DTN BB ZRICH L7 A
A NEFTH TS, F72, ITRS VERROIBFE CTlE & A L) —IZ ITRS O Tl Bt D et & 72D e ORFSERR
T L —I 2 —L DT> TS,

u—R<y 7 DOHNZ (Roadmap Content)

ITRS (%, [/ DMF5EFAM CHOWFFEREIN LA ZNH DI T D720 HIFEREZ SN, 26
ENDHREHAEDT EAANATH TN, BT TEXARVEENLLOLL, BOFETHRIL, BE/R/ T
A—Z DRI DD I LTz, MBI U, SN, P OEFOERAIIL , Bt
T5I912L7,

E5(Z, ITRS Tl fll % O BAEMEIZRIL T, Z OO 4 K h O TFRRL TN,
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AEPE FTREZRFERIR 300 | S b T
(Manufacturable solutions exist, and are being optimized)
AL PE RTREZRRRIR DN FIHALTUNVD

(Manufacturable solutions are known)
EERL BRI I TS

(Interim solutions are known)
A PE PTREZR RSB TU VU
(Manufacturable solutions are NOT known)

BAID [ EPERTREZFRD Y | Bl LS HEITH | EWVDIRPUT T H | ORSILTNT, THEIIBERIH X%
B0 2 L > CRERR FTRECL IANICHPERERICE AP AT REZR K YEIZH D | 28 Z/RL TS, 2 THHD
(85 | ARSIV LT BARER DT O ITI LR AR DBHFE N MBI CTH DAY, £ DFRIRIL S TITHOLMNIT -
TWC, BEFFIIAPERRIRIC NS B I B R BE N A EE TEDHEMEEL QD I A RL TS, 3 EH
D TEER LR RS FNOHALTND | EWDARDLUT, TBUED ARSI ZITRERIFI D 8-> Th A PERR MG N DT
EIXRO FINZ B W TIIZR A GO [ERER 238 H S 4L, 7 B A6#, SEE0m) E, AEEER Bl
Oy B CAEREN: BREL DO TEBEA LD DT DI E DB DOBGENIIFRFSND | ZEE2RL TS, 4 & H ORPLIT=
— Ry 7 OFTEROFE TIXIIR ) CHRFASILU T T, ITRS FRENIAEST-ZA00, [HRVVE ELOEE (Red
Brick Wall) | (WA, BRI DL LT HAFORE | LFRET %) EFHIN TEb D TH D, ZD R JITr—R~y
T OETARIZ, RO DOED T L — 7 2 —% R L2 WIS N E TO#ESBIMEIELTLED )
HEOEWVEENOLZ LA RLEEL TV, —Hor—Rvy 7 OFEICES> TR, [HETTF
P AT 4 T T %L VT 5 BZEUNC R L QO WEE R H-T-L, £z, n— R~y 2B
LBl UL BIR e THED 2 FEBUCEDE DR LICh D | E AT HE LS5, L, ZRHITF0TH
Do

[FR11Z ITRS OFH T, FEIREAITOLH DB LT, kb a5 T, TR ATHE (L3 T&5
FH72) IRFRDSHDAL TR EZAZ R T T2 DD, TR TARSIEEIEI TR D 2 SOA 7305y
JHTED,

1. BENDAHEMEDRSLN, BAEMNITEOMITERSND, L U8R pE 3 T IR RSN Q0D
AR CRE D RF TN TUNVA,

2. FDEITZERSIR, (T2 20T, ATED TNEGEER | 34 N TEOBAE R I/ 50>, F213,
EHIMEIELTLED, )

F—DOHT AV DOIRCRRSNIEMEE R T DITIE, FRICBITIL T L — 72— BUEThDH, D
TU— I 2 —8 R % T8 ) (Bl TGS FTREZR R RN DIV TOVD ) ITZE X ITRS OFFRIRCCIE A
AT B CEFRILTAPE RTRER SV | i LA T I ) IZER DT 51259,

M EL(Overview) ] DI THAEL7ZJL912, ITRS m—R~y 713 A—7 DIERIE UIZIEND L Rt
HIeOIZPEESUIE DI FAINIRE A ML BEEL TODD EVIORRIZZ > TEED BN HL D TH D, £9
VWIODITTC, [ A—T OIERIZKGE T 57-0121%, EOMIE B S ESIZD H_REN IOV TERE &
WTWT, THF PRI 2 FEARL TOD 0T Tl SRER T SRR L T 322V RHIT > T
OTRC (ia4F—R -~ 7 HiffrfEtE, Overall Roadmap Technology Characteristics) 7— (3L~ L D)
Z—REUGRTL, 2D, B FEOF— %X D7-8 O ImA 7R S 2 D TD, Eb~ILd BAEIT OTRC
DEFRIZELDNOITND, ZHIUTD 72 EBE TN, TERE BVERPIFEEAMT O SH RN VR 2
HEFFL 72T L2 D72 N E DR BRI I Z S <H D TH D,

L7230, B FEEAEIZHTZ0 ITRS B—R <oy IXUIEUIE B k72 T8 A&, 2t
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BREFET, ELWAETLHD, %ﬁ% In—Rwo7EH il BV T~ —7 (L) 75:??5@(
10— Ry IR ONED 1= DI A ThHE A BIFET D& oTz, ZOEMRT, EFERRE

fi# (Manufacturing solutions) %T}?ﬁﬁjﬁﬁff@ﬂiﬁ##%ﬂ%ﬂ“@ HEEITIE, ITRS H_F‘?/7@HFE%%{EU
ELTHED Z LA G LD DIT TH7RL Y,

LTV R ITRS B—R~y 7 0O HERIZERFFH0F OO CIER T IROBILE LTS RE TR0,
KR, ITRS m—R~y AEE~SIBE 0 — R~ 7 BEEERA 2 B L ThlF Tideun2 &, ITRS
FHARIGZ 1 2 B XL CTRREESLZH O Tl 2 ORLER5H 12 B3 2 RGERIHIIZIZ B EL Tz
LT ESN,

HiiiratZ (Technology Characteristics)

T CITIRAR=IDNC, EEr—R~> 7" Z B2 (International Roadmap Committee, LA#% IRC EREFL) DFFE

EFHEED LTS3 1% ORTC (Overall Roadmap Technology Characteristics, faffir— R~ 7 HAfiFEiE) 3
i HNTAVERR L . LR I ETL TV EZAILH D, EEEHE T —F% 7 7 )L — 7 (International
Technology Working Group, LAf% ITWG EBERE) DSREL T2 FITIT, WSO D FERER N EZEINL TS,
B, OTRC DOFRDVERALIT, H 2 ITWG OEAIFERODOFREL THERLTZH D TH D, ITRS 2007 R Tl
OTRC DOFED  EBIDOHAERDZFRS , F1H1 (2007 4=, 2008 4-...2015 4F) [FRAE 7 JFISCTHX 2005 47, 2006
£E..2015 FETHDHN, ZHUTRED ] EH1 (2016 4, 2017 4F...2022 4F) 1253 T B4R T DI Frdis
NCD, EORERAE Table B (7, ZOFITIEL, VT T741ZBRL7- OTRC @ Table 1a & Table 1b 2>5
WO DOFTRBI L TERY, 77y 2848 (Flash Products, —fH1H 25 I REZS NI ATEY) Do XN
EERVRYI A DAN—TE S TF OFM L NG F U E TS, ITRS2005 4Eil Tk DRAM D A\
EOOIAZINeE T M1 FEERBERR) ON—TEyF 201X, ITWG OZNENDERDEAIDITIC
FEHER2p o 2 — LT, T B T HZ 8L TU 2, ITRS2007 FER TlE, S RDO BT A FERR AT
(Year of Production) | ZAREHERI72~ 2 LU THED A, ZDIENFEITI U ROFEFRIZ DWW TCIE, & ITWG D
HWriZL>TOTRC @ Table 1a & Table 1b 25 EEIRS AV D23, EALETLD ITRG DFRD EE /28l
RIA KT~ —LLTEIZ LU,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



78747 B~V 6

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

Near-term Years

YEAR OF PRODUCTION 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM stagger-contacted Metal 1 (M1) %5 Pitch (nm) 65 57 50 45 40 36 32 28 25
MPU/ASIC stagger-contacted Metal 1 (M1)%2 Pitch (nm) 68 59 52 45 40 36 32 28 25
Flash Uncontacted Poly Si %2 Pitch (nm) 54 45 40 36 32 28 25 23 20
MPU Printed Gate Length (nm) 42 38 34 30 27 24 21 19 17
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10

Long-term Years

YEAR OF PRODUCTION 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM stagger-contacted Metal I (M1) Y Pitch (nm) 22 20 18 16 14 13 11
MPU/ASIC stagger-contacted Metal 1 (M1) %2 Pitch (nm) 22 20 18 16 14 13 11
Flash Uncontacted Poly Si %> Pitch (nm) 18 16 14 13 11 10 9
MPU Printed Gate Length (nm) 15 13 12 11 9 84 75
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 4.5

OTRC EEEHFERDZENT, ] 4 DIEHTERDBARFEIIZ O TD, BIfFE TORRD TPz N T ZE &5 XKLED
DTHD, LEHFFEALE (Year of Introduction) & AZEFAGF (Year of Production) 1220 Y COFEMRIEZEIZ D0 T
(3, BRDI 7 Glossary) & DL,

%R D~—2 (Technology Pacing)

LA ITRS DR TIE, SRR (1C) O~HEBII LI IS 1T 2 EZE R O 2R AtERZ B 5§ H—0 Bl
7eFREEE LT, [HAlT /—R (Technology Node, hpXX /—REHFFD) |5~ TE7=, Zhud, &m0 s
2B NR— NV G B BRERR NS — L D/ NDL DE AT, EOE YT Ol U CTEFRIIL TN, JiE
SAIZIE, DRAM(Dynamic Random Access Memory, % A v 7 AEV)RZEDOBLUL ThHh> T, FFEDREAT
I%. DRAM 3o Z7 R — L& Gt el 2 — 2 E LTI b iz S 2 — 2 2y, L2735 T, DRAM
1% ITRS DOFEAlT ) —R D=2 A= — L7205 TUN=, LLARDS, BIEITER O EE 2T 7 /0 —RFA R
DAL A S |3 DR EAe o7, 272 DRAM IZRESNDLH—DT 7 /0y — RT3 E 58l Ut %
DIFifiFE 52 CLFIEE T,

722 1E . N—TEF ORHMEOMERITINZ T, 7T 2 AR OV EHI B W TRV (B/VH
&/ N—TyF O H ) DR/ NIRRT, ZNRNE b mER AL S-b LT, 7Ty a2 AT T
OEODBMIBEBLRNNEEE e BE T HHEMPERL, VT T77 4 LD N—T T O &R
DFET, By MEREEZ M ST DTENTEZ, & A DOFIIX MPU/ASIC i ChHD, BIfEHE A
SHLZENHANTEZESIL TN, [MOS b2 P AF DN LT — NEMR S — 2 O~HERR L SR L C
WD, ZOTeDITIE, ISPV 777 4 il = T2 7 HAT 37— NERD ol BERG ~ 5% 5281
T DO DN TS,

WERD ITRS DT/ —RDOEFRIZHDOWTIIDRDDIRELDHY . ZORMBEILS Thi  Td, Z<D7'
AN —=ARZEDIFINDLED ) —RONE I F KT DBRZ, ITRS LT E2o7, 203, LIXUITRER
DI TET, bHAA, 725 1C RT AR TR/ 5 S TR b S T RSN D L, 2D ELD
NG A=Z TR T LIZE DOFRAT T DRI D D OB D :%)oé:woc:&?&;éo ZDIH7pZEEBELT,
ITRS 2007 4ERCCIE 0k /—R (Technology Node) | &1\ HIFEA 722 &L, S bE kT 5,
RO I, IRC I, RO FANOATIE A PERIAGE ) L3205, %@/k@ﬁuﬁnpf DRAM O M1(5x FJED
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BB DON—TE Y F R THELH L, 2T, EREEE (IC) ORHMEOE IO E LHHFEIEDSI H D
OEDIZTE 72, ABIORT ITRS OFD 74—~y BB LT=A3, ITRS 23 Hff /—K (Technology
Node) | EVIOBEEIZ BT 2 PEERDIRELOJR K T/ b Z LA WL TD, B AL, [/ —R &) HGE
1% ITRS DIAOE TG T HTHAD, TOBITIL, FFEDRZB W CTHIMNE OIS T
WEDEIEEEZ [ /=R IOV ERSNHZEEZHIFFL TD,

ITRS 2005 4Eh) (2007 FERECTHIRICEFR A ) (128105, £MmIckd2 M1 Bk P04 RERRY) ~—7
By TFO—RIERLT Ty a ARVORIYa (ZhiEET V) BON—TE Y FOEFRIZ OV TIL,
Fig. 122720y,

DRAM % Pitch
= DRAM Metal Pitch/2

MPU/ASIC M1 %2 Pitch

FLASH Poly Silicon 2 Pitch
= Flash Poly Pitch/2

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

X
\__vﬁ/
- 8-16 Lines
Typical DRAM/MPU/ASIC Typical flash
Stagger-contacted Metal Bit Line Un-contacted Poly

Figure 1 2005 Definition of Pitches

ITRS (28T 2 HMPE AR O E L (Meaning of ITRS Time of Introduction)

ORTC (Overall Roadmap Technology Characteristics, #adi e — R~ 7 SRR SHANEROFRIL, Hifr
DN CEIRE AU COR BOHEEE /R TD, BAEINZIE, ZRENO R B TOERIZIGET T,
WFIE-BHIE- 7 B NI A L 7 AEFELND) — DD AL VIS RENDHRETHD, LinL, ITRS (28T
TOLDDXAI AL | THAPE AR (Time of Introduction) J 1% EPEABHARSALIZ IR (Year of
Production) | LTEFL TV, 24 Fig. 2 ITRSILTND,
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Production Ramp-Up Model and Technology Cycle Timing

100M
Development Production
10M
= 20K __
€ £
S MT S
2 K =
= o
@100}( ¥ Alpha | Beta J Production %
2 Tool | Tool |  Tool 200 =
210K-IIIIIIIIIIIIIIII R F|rStTWO ()
o - S
> First \ Companies 20 2
1K F Conf. Reaching >
Papers Production 12
1 1 1 1

-24 -12 0 12 24
Months

Figure 2 A Typical Production “Ramp” Curve

ITRS IZBITDAFE” ZAI T E1T, T, B —DENHLFANC LD AEFEABML . 5 O3RN
HRIR)72r— ATl 3 7 H LW AEPERA TH T A AT ThD, APEEIT T m B AB L O OFRED K T
LTERE TS, BAMOFRENE T THEVDZEITEE NG OM AL D LI BN T 5, LI2hi> T,
PRI D OB AOREECRLEILE O BIFI T T L QORI brew, A PE ] o Sl RE B Tl
12535 24 7 A JeATU CRAFE S COZRIT U B720, MIR72NG, TV 7 i3 LOVE UK N — 211X
A PERREEE ORI RSN TR UL 2B 872D,

Fig. 2 12T AR ( Time zero (0) ) | ORFRIT T VAFERIGOSNLD ESOKEETHD, B, 2
77 WSPM (wafer-start-per-month, #/H)DRE) 2D II5FHS 72 T35 Tk, 20 WSPM 22H7 VRE)ET
ERERNID BT DD 9 36 12 7 Annd, ZOWIRIE 6 T/ H 205 6 |5 {E/H OEFEZ LD B 211
W%, 6M A7/ H DAEFELT., 1213 300mm 7 =— T 140mm’ DF > 7 (430 F~ 7 /92 —13) %2 7V
N HAEEL, B FVN 10% ThoTcEEDAHER (430 F> 7 /7 x—s~ X2 J7 WSPM X 70%) (2%t
NS RN

ZUTINZ, EFEOBITIX ITRS OAFEEDNLD EIFOFNTT = — A XD AN AL LIV — 2%
FEL QDI EEERINZ, BIE, B 300mm 7 =— ") 5HEEE 450mm 7o — ~DOBF THNIEL
D205, WEIT, FEDOY = — AR IAFT D72 T FATRFETOAEFERS BT DO —7 713
EFTHSTEMITONTL, ELITHEETDLERDHD, 2 DOV =— " MRB I FT 2 THA R OBAT
DATONDERT, Uz — A XDE T LA NN BT ADPRGEESNHNEThHD,

SICAS 2007 DEEERDEGERE I DHKET (2007 SICAS INDUSTRY MANUFACTURING
TECHNOLOGY CAPACITY UPDATE)

ITRS (&, SCFH@Y | e B RSB RN TR OEASN DR A THIF 22 8IE LTS,
ZZ TR B AR LG AT S )X, DRAM, 7793 2 AED, MPU, EERE ASIC 72X DX, FE
DS E AR OMIEE XX Db D THD, —T7, ZLOEHEITBNTL, TNENOHBIZIY, i
Sem At o HRE A A TR EIVELEHZEE 20, LTed> T, BUEORLEDTHZ I TIL, btk
DD IFHARDEANTI N DS ES Fa RO EA A ILAFL T D,

Fig3 13, 777 DT, EREO RO FEREGERE H 2RI DN DR HEZ LITORLIZA D TH
Do OB F MOES1E, MOS HEHMEEIFEOAEFERITHHIL TD, FEERBRORERE N FEF-HEZ L
2T TR IR EDILTWD AN, RICAETAH THHTHARD S IF A E TELOEITE =D ST AW AL T
WD,
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ITRS DA 27 /11%, DRAM O M1 (5 FEDEHR) D/ ~N—T78yF & RELL TERRTHIEIZL, #E
(CEREEA R AOHIT/RULZ, ZAUTITRS O TWGHINY —F 277 )V —7 )W FESa LT E R OHAfH
ERERIZEEDNTWND, ZOFRAE 2003 4, 2005 4, 2007 I FERS Tz, ZAUZEDE | HIEE?D DRAM
D M1 N—TEYFII2FEY ATV T, ThHDH 2T LITHE T HED 0.71 fFEVDX—ATHERE L, 1998 4~
D 250nm 725725 D73, 2004 451211 90nm Lo 7- [FRE 7 ITRS TlX19-A 270 (Cycle)?ér A HENL/A2
EIRB IO I S B C0D, ZHUE, B FOLAT RGNS DAL, B ffEHT-
DEFEEEN 2 FFI2 DT DITMER RIS T75] o L LR, Ao OFiAl _otz)}:\ DRAM D
{ERL 2 RIE MPU OBHIMERL o RIZUE-DW TS, ZAUE, 2007 FRRCFELGEimsit, RIEIKET Th D
ITRS2008 AR CHHREIND TIE Th D, #ELLIL ITRS2007 D PIDS DEA S HE{7-0

HVOFENE ITRS 20074ERIC L AR D HARD A FERR A B R T&H0 | 2010 1T 45SnmELAfi 2 EEL 5L
TWD, L% 2022 -FETiE, DRAM O M1 ~—7E>F O HEHEIX 3 94 27/LC 0.71 {5OMAM b ETe
ELTUWD, 2022 4iE ITRS 2007 3F L L TR L TUDIRIKAEICHTZD, e, n—R~o 7 O HFHR
(Roadmap Horizon) &IFA TS [FRETE : Horizon(HISEAR . DU MIACERR) DI ZH AN T RAE T Z &3 TER
WEWDZEICHRLTZRBL, O~ — A TRk mii@f};yé: 2022 FET AT, VA E ST CMOS NV AK
X BRI LR CBE T D EE 6 TVA], Z &i77//:7‘%) DAEFERRIBEENTND, 7T
T a AR OMBP)T AL — U L LA /):1/0)/7 NEMOE Y F DH7n%filioTiND, 7Ty aA
EYOFEIAIL TR, EEROULERENNC—EDT =T 2 DT,

STV @f’%%ﬂﬁ%%fﬁ%mﬁi@gfﬁﬁﬁﬁéb% VEELINIC, DY =7 28 EFLT20-30%I8)#EL, %
7o TN 20-30%CBEELTZ DT AV N EBFERMGO A7 /TFHELN EIZER S, DI, ii)E
SEE T O EERE ) D HEITE EA L TS, AEEEI AL ZDH S UL DRTDOHAE EFHT 2L, 2D
RIYERE . BRI, BN T FHTE A 2 720 L 3 SELINICRFEREDEFERE D4 % 55
II1272%, ITRS 2007 TiX 7T v 2 ARVORAMERN- K23 2008 4FF£C 2 TRy GHEDS 0.71 %) D
R—ATHET LT, ZIUL, IR RLERE N RS IRISAHT IMb > TV A2 LA FE R 5,

SICAS 7 —# Ei%, 7% A > /L—/L 0.12um LA F OFEICHRIEHED 65nm HCORLERE N E TN TN D

LICEE énm\ THA L —L 0.08um LA F D58 (BERINBEELTNE 7T v a AT 0D
65nm AT Z ZIZEEND) OFEk & ZORMET — X DAFIL, SICAS Tl 2007 H14% FLIBRIZIER X
Too T, Hiﬁ'aﬁ#*aﬁﬁ (&R MOS BUERE 1D 20-30%% 56D %) 23 241 7 Vi, YA 7 v
&) ML ITRS 2008 FFRUGETIRBAREICRFHBEL & L7uy,

(AL S DA BERE 1372 ATE AR AR > TSV TAEL B o 7273, BIEIIZZ D FHNEE I
D L QRN S ICh 1 A &7z, SICAS T 0.08um D23 TE T, e R~ A TL Cho
Th, EORE R CTORSEH MO =7 LE<HVFET D, ZOBBIIEL - LEEDOY T T4 Y DOiGLE T X
AET LS TUTEKRREREZ R BHUT D, SfEHIL, $EE ZEE DOV 7 F A3, ITRS D FHE /o8 iy
e (Grand Challenges) | DfFRFRABAREL Tefit 32281072000 Th 5,

Y FIAVIZEMRNC 7> T, IHHEREANT O T2 T2 SIS 7= D8l 2 e Se i T3t
R—RLARTF R D72, ZAUTINZ T, 7 TAIET V7 i E, R —2 8% bRk A pE B AR IR 0
23 FRNCHHA L2 UT a3, SIS, ZOBROAENS P ICmi 7o BmESNAAEFERRIICEIT
SNDIH U LIRTHUE B2, 2D X7y FUA T, BEE MBI O T T A e TF o T A— B DOWH I
TS AL T- 5T LEbIT, BB E YR — DY — AT HEL L TG, FR T, RO X E R
450mm DY T 2= EROFEIZOWTH FFRROZENH TUTED,
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W.P.C = Total Worldwide Wafer Production Capacity; Source: SICAS* 1 |:| >0.7um
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o) ) I
[ [J =2005/06 ITRS DRAM Contacted M1 Half-Pitch Actual SS». .
B = 2007 ITRS DRAM Contacted M1 Half-Pitch Target ! 0.16—.12um
[ = 2007 ITRS Flash Uncontacted Poly Half Pitch Target :
T T T T T T T T T I
/§—| 3-Year Cxcle > 2-Year Cycle 3-Year Cycle SS—»: .<0-12Pm
001 | ] | | L L e — 1
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I FERIEREE DRGEDRE S % SIA( Semiconductor Industry Association ) 2 SICAS(Semiconductor Industry Capacity Supply statisticsStatistics) 27—
SNCHDE T2 p LI, BEDEVIVIE] (4Q) DT —X 3> 7/203, 2007 FEIZ00 THLF VFER (2Q) OF—5&(t>7E, HFOMY
[AJDRE X 1T, MOS ZEFFIABEDAPERETNITLERY L TUSo HEL 1A TIEFRIRIEE DT 2 rb—rb (HZPHG NS — 2 ~7) 2o LT By AERET IS
TBDFA 7 LT & EDAPERE D= & T V), APEERGE 1T S,

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

() EFE7 7 7®F7—XIESIA (Semiconductor Industry Association )?DSICAS (Semiconductor Industry Capacity
Supply statisticsStatistics)|Z 3DV TUNV D, SICASODT — H [ THFH DOHEER A — T s HIEE 4L, MOSEEFERIK D
BHERESI D 90%LL L2 13— LT %, ATENE 2007 4 8 HITSIADAR L7727 — S0 TWn 5, #6fll7e 7T —413
SIADY = 7% A hTABEN T 5, http:/www.sia-online.org/pre_stat.cfmZ S X172\,

o —Rwv 7 i’k —3 5% (Roadmap Scope)

RN, ITRS DOA&hfIZ CMOS (Complementary Metal-Oxide-Silicon) 4700 A7 —V L 7 13k 5 &
W) B EL TSIV TE T, LrL 2001 AERRED . DIVOIUTIRD B 72 L ThD, m—R<y 7D
HE#R (Horizon) D [A1ZH A (724 %1%, MOSFET (Metal Oxide Semiconductor Field Effect Transistor) ) J %
JVEDI9nm LA IR 5550) TIiE CMOS Offffse A7 —V > 7 1B 2B TINMEO< 7208 D e ThH D,
SO, PERPEERURE O RSEDO N 41X, S ETOIH T me A Em B IO T O ANEIME R % |
EHITHY 15 FHEICH> TR OO0 T DT LT HEELNEEL TD, €2 T, ITRS (3R
CMOS T NAREFRELTHRY EIFAZE2MEDTND, DT SAA T heb b i) & 3T 72
Non-planar CMOS 725 A ~=2Z (Spintronics) 72 & X T 7728 7 NA R G T2 L8, B—R~
> T VIVSRANTHEI L TPL, CMOS DILIE THAIEEST-SHHR T 7 r—F Th AL, IRAN CMOS D
HANZLVERES 720 O AMEJKL | FEFERIE OMREZ [ LS 720 U7 b7, b, BinoMREm E
(IR TFEDOINITZT I LD TR, G FH LOBREBSC BN D/ 3T A—Z DBHELS A B0 THBL
SNDH D> TLD, LIZH> T, B =R~y COFENMTENTHHLT A ZTET TR LW BLE E 0%
IR DIZD DT EA Db G T2 D,
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~Araratyt ARY, oy Z4ERERKIL, S U0 CMOS Hiffia B LTS, B/ NTEO G
{LIZE - T, b—=T DIERNTREND I, OEDDTF w7 FICETETELDIN P RFEERBTEDHLD
(272572, SoC  (System-on-Chip, 3 DOIREE . —F 7 EIZEFEL T 2800 OANEHIREREIX T —4&
LT VHIGHNITHD, LNLIRND, BIITHE ., VAT L ABE (F7213 RE(RJERK)) D/ RigEZRE D
ZLDOEBNE R, ZEFE T, B —, TI/F 2o —F— NAAHERE R E OMSRERI TR | SOIZITHHA A
VTR =T ORERER S 1T L —T7 OIERIOBEIZIIWHIE T 22813 TERW, ZOIH75551213, IF CMOS
Bt SN D ZEN L, 3k, CMOS HiffiEFE CMOS Hiffiz B— o r — U NICERIE 3528 (372
b SiP) NET T EHEI > TLDIEAD, BEREMEDELSEAHIE, SoC & SiP(Sytem in Package, #3DF
T B\ — NI SEE T AN O THY | MTLE AWISHE R AN Tl e, &5
(2, BHNTEHDOIE CMOS HffflZdo Tl S TETAERED . OB OBRE T, HARL72DH CMOS Hiff
OIRAE LT IR FATZ 27> T, CMOS @ SoC &L T TEDIINT/R2D, LIZR>T, VAT LELTD
H&BE% SoC & SiP (ZHRV 3T D IR EEH I L T Z BT B2 A9, ZhUZiE, /b 7ha=7 A
(nano-electronics), 7~/ 2k~ (nano-thermomechanics) . 7~/ 44 (nano-biology) . A1 ASFEH 12 i
VITRNG =T IR E | BRI COA SR al PLEEETH D, SIPA~OIGHADT=0121E, I R E
FTHY, HEAELRBYLHEINTCTH D, ZOLH72 U % Figd ICXRLIZO T, ZhaS Sz,

“More than Moore” &V OHEEIE 2005 FFRROE—R -~ 7 T E 4L, 2007 AR CIESHICE RS LS
Nz BRCTRROERICHONTOI B ZNESNT-, (Figd 25 M)

1. ¥k ("More Moore™, Fig.4 Offitdih)
la. RlFRORGR L (BB —EOMEME) 1%, T 7 Loury 7 EAEYONHET) (S Va Hp Dk
7)) | B (V= B SR m SR E T ) W EER AR N T AZ LT K| B EA N
LT ETHEESH TV DO ANHITRL , YERE GREEELTHEFE ) | (BHEMEZ 18RS RO
ST Sy Aol % Nt T= 1 S

1b. SR IE, K2R L e S I du, SRR L2 ATREIZ T DL F D X572
Es A== e =i A

(@) 3 I THEEIZID “Design Factor”[FRFEE: AEU RV OMHIFEE T AL /L—/L D ZFT
Ho7obD)etET 58, Fio, ERERIEOMERER M EX 57Dt i A —D o 728D
IRNT R AR BT D

(b)y~ /LT 27 D MPU D% FH O L7 Bl o727 ay—

SAMBOBCI Lo BANL, 2—T OiERIEkG S22 Th D,

2. H&REAIZAE(E ("More than Moore™, Fig.4 OFih)

FEREMI AR LIZ T LE 20— T OIEANC KA LI iED Z &7 oD 515 CRARI AT M E & k3
DREREE Y DT NARERIATe Z LA R T, FERER AL (“More then Moore”) D7 7' a—F (XU, IE7
VAR (T 20X, TEREIE | EHIE, ZEHR T Bt T TF a2 ) VAT LFERL ~L
DRFED /37— L~ UL (SiP) R0F v 7 L ~UL (SoC) DEIEFIEITBATSEHZENTED, IHIT, MR
FAIY 7R =7 % SoC X SiP KVERE IR L 352 1%, V7 My = 7 HaE D WERE R I E B2 bl
ZIBHEVIZETHIHD, HERERIZAR(E (“More then Moore”) D H LT P Z L EFEFT D H LV OREREZ DN
DAL NI N2 AT MM AIATe Z L2 D,

PESER OISR HHEEERIZHE(L (“More then Moore”) DAY EEZE DOAHXI A EEM I A% 441
KT %, ZOMRNE, A /= a DN—REMERFT D7D ORI N —F REBE B O SR %
EH5H 17T, MBIRIKITLVEEL <725, ITRS NEELEEZII-L TODZOLI e WFE B2k
HHARTAAZDWTORMBEERIZTEKR LD THD, ZOZEERFTT 5728, ITRS WOV ONDT—F
VT T N—T D FNE VD EF IR IS T, BERERY 24K (“More then Moore”) DKL R DR IZD
WCIRAEL T&Ee, ZOEEITAHIBITENNE ET 281270 A), AR ROV TR, ITRS DZENEND
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ENR <Y QAN

ITRS 2007 FERROSFHHEIFIZIX, 3 TD CMOS HAEEIE I D I HANER & T T, ]
MBELTEa—T U THOBEL U E END, ZORLT N —7 13RO 5 REE D 75%0 F
O TS, bHAA, CMOS HERERIFEOREE, BhEICf HENWAEM O L%, LW 8k, 7122
U—R, e, v A rrxL7haAh =J1b « A7 I (Micro-Electromechanical Systems: MEMS) %, ftho> 7 /34
AITHEASN TS, LIZA3> T ITRS B—R=y 7 OE#AHREL THRL TEV Vel ITRS #—R
< A IIERBEE B 2 _R— AT DIZEAE D~ Ao, F /BB i A iR EER A H X— LT
WHDTHD,

More than Moore: Diversification

Analog/RF Sensors Biochips
Actuators
>
' | Interacting with people

and environment
Information

45nm Processing

130nm

90nm Non-digital content

System-in-package

65nm

32nm Digital conter!t
System-on-chip
(SoC)

More Moore: Miniaturization

22nm

Beyond CMOS

Figure 4 Moore’s Law and More
ITRS 2007 FEfRD Y7 A (2007 ITRS Special Topics)

FrRIEH # (EMERGING RESEARCH MATERIALS, ERM)

T SAZRLHIRAEY OMEE7)Y ERD(Emereging Research Device) 5 CiagmsdL CUWDM, DL 38T
HM R A Z L2 D725, T2l 21X, TS ABAR, T/ 3A A OFE BELHR, 73>~ — 32 (passivation,
T NA R IEMACT D72 IR A TR L 720 | FEE D IFRBHR b CEMLERL 7209~ H 80 70 SN HTHEA B
DMEDILD, FHMEIA~OERITHHLT SARARLHHATY OB CHARIIETF I TEKFL TN D, 2D
728D 2005 FZiE, ERD FEAREDT=80 | #HidREFE (Emerging Research Materials, ERM) D477 /L—7 73
FkESALZ, ITRS 2007 R TIE, ERM B 7V —F 7 7 )L—F X ERM OT —F 7 7 )b—T T 7KL 1
FIFERIL, ML 72 ERM (Emerging Research Materials) D &L L TARII,

A50MMBEED V2217 — N~DEELT (TRANSITION TO 450 MM)
2005 FERRDOT—R <7 <7 T, 2012 £ 450mm BELED IV 27 = — Ffifi S - FEFERIR O K &4
PEDMREEDHEL TV, 450mm 7 = — O AR 450mm 7 = — \~DBATIZES e B E R -ED

Baseline CMOS: CPU, Memory, Logic

<- -
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FRDTZ T Tl | FEER DI CHIEIET 5, 20720 ilZs 2 HERTHTZ0, ITRS DU —F 7 7L —
7L IRC 1L, 450mm 7 = — D A S 35770 é%&%ﬁr-&ﬂ;%%ﬁof X7,

450mm [ELEDY = — N ~OBATOFRELRR AT A PEM: A EIZHY, Zhud, 52— T OIERIOFETLFE O
IHD—DThHDH, OFHAMIZHERED 72U TH, KRART = — " OEANIZES T, 1 EFmmbh 7)o idiE
IANEHIRS T HIENTED, BRFFHIZEEUTE DX ISMI (International SEMATECH Manufacturing
Initiative) 1%, ZEPEMER_ EDOR VR — 7 ZMERF 572010018, FHEREE R 2012 £ E T, 30%D AR
JkE S0%DAEFET AV NAA LD EAER T DMEDHY, ISMI O RARZIAUE, 450mm ¥ =— ~DF
ITICESTDI, ZOFERDAIREE 72D, 12721, IARITRITIE EO T = — IRV THEER ST
X AT NEA LOYEIH T2 HIEETH D, 20 BFEIL, 300mm 7= — RO REET £ TOELE
A7 EGE FTREMEIZ DWW T ORI DB ARSI, VW0 5300mm Prime” 7 127 A[FREF: 300mm ¥ -
—N\OBEET A TCOEMENEN B2 BIELI- 7 0 T L] Cld, A7 NVZA LEHET D RTREMILH D03, A
—7 DIERDO R R e 7o A MIRBU LR CERWNE ORI R ThoTz, ZORakZ 217 T, ISMI X
2007 & 7 B2 450mm A =7 T 47 PR LT,

LLZRIAG, 450mm W =— N~ THREIAS 2012 A E IOV T, WO DigEam i D :

HEEY T TAY OGS T HE, BEEE L 2012 M ATEEICT5720120F, 7V 7 7RI
2009 AFIZfEH FTRE TRUTAURR B2\, 5 DEZA, 2012 FFETIZY m%&%ﬁ;&%@pﬁrﬁ%?f?/
ALTIEE YT TAY T2,

T T A= O HTHE | EERREIT RN E e TSRS 2T oM ERSHHZETH
%, 300m THHAZPENE) D ROAFA T EFESNIZAS, ZAUTIE, 40 (ERVEL BICEAERE DS
T2, 450mm TIEDRFHNT D L7230 D/ NEFED 72D I LB E 1%, FICREL, %
SDOEHHUTESTENEDR, EBIT, EERDARZ BRI ARG ET /1132012 428 450mm
~OBATOHE OV 2R LSRR T Db OO | ERIDO SO HWH T2 D38 Ly, Lizdio
T, 450mm DEFEREIEE O TSRO _FAND O EE & TR IR O A iz =
DZENEE Y T T A OF O ILE DRI E RN ZIESE 5 AT REMED BV D,

BRIZ, Uz EA— D OEIRIL 1> X0 L7V, 7R b= R a2 A (Front-End Process,
FEP)V —% 7 7 L —7 DBLED RAELY TliE, 7= —  EEA— 77132009 412 450mm 7 = — 73
W2 BB BT B PRI AT DL LTV, 300mm 7 =— DA TIL, ZOBITD 7 414124
FEBIFEA— T — N TF > 7 DBRPEZRBIIELUTZ, LIZH3>C, 300mm OFI7S 450mm (ZifH T&5E9 1
1E, EREEEA— LD 450mm TOEPERRAAIL 2016 FEE VD ZEITR D,

Rt E S F A, ITRS T 450mm 7 = — NI LA EFER MO BAZRAZ 2012 455 2016 DM EHE
ZLTWD,
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TR BANERE

FTHIFHN2015 43 T) ERH I (2016 FELUE)

iz

N RPESE R ORI SERRFE D AR AL | S b O IR E AR LA ET . TAEL TVD, 7Ty o
AEVDOMGHIEIE 2006 F-ETIX 2 4/ A 27/L TG EDS 2,008 £ Thex, MPU (X 2010 4EETId 2.5 4/
WA 7V TR T e, DRAM OFSGHIME~—R1% 3 /A7 ThD, [ LD _S—ARNZEIE NI
BB AT/ —REWS FHETIE, IL0, B2 I ER T HIENTEAR, PIDS (Process
Integration, Devices, and Structures, 7" 2 EAA LT 7L —T g &1, HE)DETIE, MOSFET (MOS %!FE
FINRNT o 28) OVEREZ 0] ESE 572D ITITEE ORI HY , ZONRILZ /3T L /L /3 A (Parallel
Path) LA CU NS, MOSFET OffrEE LTl FEBONERKD MOSFET (metal-oxide semiconductor field
effect transistor, MOS TR ZNEIT T 24) | FD-SOI (Fully Depleted Silicon on Insulator, SOI £:#_D 52
4222 81) @ MOSFET, Fin-FET 72& DX — M HFF> MOSFET MEAf&L72> T D, ITRS &l
RITADDOHY | EHEFRE CMOS HHI LD BRERIBRIUCE K UIEXUD T, LU OEAR I IZZ< O Hf
AREDE S TUND . =R, Jesmbh B, Fri IR TS ISR 2R V=T U7 R —7
i, O e RO HIH, $UE RTREM R L, HREIT CMOS IZHHHAEY BT A ft B DBED SoC Hiffy
R SIP £l & T JKWEPHOEAN TS M A TUND, 2O IR BB RPEZE DRI R T L > TN AT
KTHD,

% ITWG (International Technology Working Group) |3 [ RIEEZ 2 HRRRERE | L CROIITE LD T, ZOPE
(Executive Summary) (25872, AHi (EEA2HATRE (Grand Challenges)D i) 1%, HAFFRED S H O FHL
HDERA T, TNEFTIRLIZH DO ThHD, AHIT, 58D FEEEAMRREO MG 2R T2 —BE 52
LEEL TS,

INHO FEE R HAEREES | MR KT ANMEFEE WY | CHREOBLENG A FE LT, SO,
(2007 £E75 2015 4F) ERHIAY (2016 FF0°5 2022 4F) &) DD /31T Tk 5,

SEHEIPH] (2015 F£ET0)
Ppem B
2y FoNA R X —Y22]PIDS,FEP,MODELING AND SIMULATION, METROLOGY]

T —F—CMOS DA =V 713, T ~EEELFREICE T2 Th A, 77— MEkREO R L,
7 — MR DO INCEEMRE O SR AL\ o T — IR A — U 713 B0, HHRECTHEE )G, 6
BEERDOERAE A 7= S 72 72> CE QWD A=V T OBEE AT 5720121, 7 e ARIENE DO o2 fk
L TPLZEITMA, FLWT NART —F T 7 F v —Ib B A, HUOMEEE AT HZ LN EEE2D,

PERE_EIZiE, MR LRI (EOT) OB LM B Th 503, EOT ORI, 7/ A ADARr—
TN TS N R FREE L TE R OND IR > TETWD, (K (LP) OISR AW TIE, bt
REEAIETIL, U — 7 BIRO BERAE AT S72\, =iERE (HP) Ol iR 0\ T, 7 B2 (i 2
7= EOT1nm LA FORRUETHD, Z D78, BEEERA YT 228 h RV ETRZ MK TE L 55
T (high-k) DB ANMELLIR A, it ROT SARRFEL IR DI E T2 ANIHL Ch @ b S =584
IR — ARG TREE DM BRI EE L0 D, TV AERIE/RY U a s, BORL &bEEEO VT
—RAZ S IREREL L CORENE BT CTET728 , TN —RAX Yy 7R BT X MOSFET 77 /028
W R IRIZ T CoRE ekl 705,

7L —7—MOSFET TlL, v a— ¥RV GREEMZ DO BN T Y R VB ENLEL 725, ZO%A.
BENEDOSLE) — 7NN LAHEE I OPEINE DR —R A7 L7025, 51T /S A 2D L& MEFIEIOD 726
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IZZDFT ¥ RNV —E T HHNAHELEXVMEIZL SEILIINL | EBIREEDOAR T — Y 7 bl al kit &
HELLLCUVD, IR EL T, #REIAR T ¢ SOI, FD-SOI, ~/LF 4 —hk MOSFET (fin FET) 72& DHF LT
INAAEEDNHIFES N CNVD, ZNBDO TR T ASAZAOFREL, BEIXS>& % & T MOSFET OEED
FlECHD, FIEER OV AT AT —X T 7 F y—OUEE LT 2RO OB R EED TOILED B
Do

AEJ—ZX5—Y>Z]PIDS,ERD, FEP, MODELING AND SIMULATION, METROLOGY)]

R FEDRKGE LT FEBHFESS 13T /A 2D/ MBS L O DR FEA S T-HL TR, BUTAEIEL
TTHAEBLOVER D DRAM, SRAM, NAND-Flash, NOR-Flash, SHIZHIRIDAEY LT/l
L/ 22 AL L/ R AL B2/ < U 2 o (silicon/oxide/nitride/oxide/silicon (SONOS)) . FeRAM (ferroelectric RAM) .
MRAM (magnetic RAM) CFHZ{ L AEY (PCRAM) 21—~ table (ZH5# L TV D,

DRAM OFREEL Tit, FElER T OB E v/ SO AR EOMRTHY , F/ NN L-HEORIN T
L. Eih B EEOUGE, B NT U D AE DY — KT A RSO T —RERE Y MR RO B A DT
BN TS, HYADRAM IZOWTC, @B I o F % 30 280 T SIS Uz /@i Bk ) =
) EWVHTETEAZILTCND, LT EERERMMAID A2 AL 2007 4RI, 512 2009 FEFETOFEER 60 LA
EAEEREND 50nm LU F ORI T R FEMO AZ AL (4 8/ ik BRI 4 J8) N Bil7a%, SOC
IR D DRAM IZRHL CTIX (R =V 7%t L) L BINT BB ARNEL/e)  fileL TRy 7S 2D
EREMOIRNTZ TN I T ISAADAL R N I AFT DT AL — LT 0 AL T DR
EREFHND,

F7-. BEROEVEHEBEEOEA DML T AL T30 /X Z T LN F- vy 32TV
D 6F2 AL TUVVRNZEH GO T, 2-3 FIBENTHDHMN, b TF Xy 3028/ ThUfE/ NFO [ EE
[FRET D780 3 IRITT BT DAZDE AN 65nm [T T HEIILTVVA,

7T 2 AT, TGO RFERILRIZONTT Ty 2 AR OB, 7 at A6 2RI B A
EPNDINT 2o Tz, 7Ty 2 AR VTN TS HEORME N EHEIIZ B W THILWT 7 /e R4 82780
221, NAND FLASH OHAT /LD i/IMINTHE F 1X DRAM O 172 B FZ BV L Tvs,

FLASH AEUOFEEL TE, A7 —V o T HNGERET HZEN TERW R RV UIRIE LA 52—
MERRIIE | IO RENE | 36 XUV OHERE 7 7 D BERE#EE Céh D, FLASH AEUT /SAATIX /Ui NV
ML Tt T, EBXIABRBEDLBAL DT DIZITHE A L Z—RUHRREC R R VR U BT D, L
DU RIVHERRIE X T — 2 — R FFRFE D 2\ 2+ SRV LB S B3, EX AL HED 2123+
VBN, FoALH =R DN TH T — 2 — R EERHED B+ EWLERH DN, TV
T AR T AT DL T ALERH S, SSIZT7a—TF 4 A7 A — RO I b — LA — L)
AT TV T WA FGHTEOVERREIE X, 77— MBEE Y T O/ NI TEBLARATREE 0D, ZDT-8
2010 FEETIZEBBIREED A L Z—RUMEREIED 7> 7V 7 R DO DM FEE 72D, ZHE FLASH AE
VOMUEIZE ENDLIE T, HLWAEY MRAM CAHZ L AEY | FeRAM O &EpE L&/ IMEIZ DWW TH EED
Thb, I2L2 11X MRAM DB/ A X/ N FEZIAH TR F — (KB LD FEDS 2008 FFIZHLEET/>TL
%HZ&, FeRAM (%, B/VIiAME, BB IO AZXDOHE IMUIZ BT B RIBEIC W TR EThH D,

BERE, MBI RFRF & 7 F 120 S IR N2 F /L DARR S RF]

PEREDHERFE R — < 2=V A N OMEREPE D[] LD 7230 | SBT3 A AREE DIRARI 2R ZE b AN K
OOHNDHIINT2D, High-k 7 —MEfEIFESe, T+ RIS 15 N2 DT80 OO IA MG | AX V7 — N R
7REDF U EIOE AT DL, BIESCEROIAYY T BIO 1/ /A RIZEL CRIUL -~V E#ER 5720
I, BIODNCRREZ LA LD, X TV —RRSERZEZRL SOl T /A RENSTe ) T T1v
CMOS DELHEHNEIT, 7D CMOS EHEAINTES TWDINETH D, F DT80, kO ESETFuy /
RF RIAN—FT NRA AR VAKRLNTGIH T, A ATARDDR0 R L THRIO 7 v A T2 LEET 52
L2, D L, EREEI7eT I a EIREEOK T, RIS FHEIN > THERREE I LD,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



TR T4T7 H=U 16

A LS E LSRR D EMEMED L CLD & BB, FRCT T DR DT a7 8V FED
1F50BEL, b —DOFEL %, BRGSO TR T2 MM E N L /AR TV TR &R
b, 7 ul L@ReT VA NASREE — SO F v T IEFET D2 EOREES L, T 3 A AEESCEILE DO AT
=V T EEBITHRT 5, mERET T u VB & E BT L LT T U A VE SRR | [RIU A A 00k
U RIRHZERRE T~ 5721213, (B B BERS LGSR L 70D, ZLDERFOBIGET AT LT, FARL/NT —X°
SANARIR T D726 . ZDIHIREREN RO BTN,

Bl —pR 57 m R B O A [PIDS, FEP]

EOT (Equivalent Oxide Thickness: SiO, #RIR/E) DA LI, FERICE DT SAZDOHMAHMEIZ L Thich
N R A 72> T T2, im0 (high-k) & AX L7 —RE 2008 FE I HS WD ED DD, A LU —
7238 O T2 DI TN T S OFREZE R T DL ERHY , D HIZIIAZ VT — O FRIHEIE, +0 @ TF v
KNI, BEDT — AZy 7RG E S E Eib, BRET S AAZEBNT SA LU ETHEBR LIS L
T 5k, S fElE< high-k #EFOE AP R K -5 B ELFRES SLH 3727 Td, ZOi# BOT ik
Tl BENECY — 7 BRUCKTT DB, fRIROBIT — L7 DR T D, AT, Mg (ON—Ri
TR, 7 NMERRIBIEL D) | NI DV AF DAL EM (T — Ui, (RO EN:., &R A4 DR~
b, ®DNIIEED) 72 L OFFEMZLRB AR LT huT e b,

HEBRHIC DRAM A2 HIM b 2I21E. I LB T A B VEEIRIC A B U R BA (EAMLENHY | 0 LI3EE
F—Z DI ARFE T DD EER B 25-35(F (AR H O TN M%E N 5D, ZOEERE =37
D, 3D AFUEEZRITRICL T, 7AIFTRT VIR —R (HIAIOx 728) | B b 270l O @i i
(high-k) DNEASIVTE T, Bk BRIEOMENE LS EREL /20> D50 | A%~ DRAM Tl 2010 4F, b
>F DRAM TiF 2014 FTIFFRIE (3 ~EEH) 230k, 2%~ DRAM B EEIEDT AR 2010
RICIIBRA (R~ EREH) 235k D,

—J7. 7Ty a AU TIL, kRIS L& EA B EDIREE D7D, A Z—RUE RS~ L
PR LD AL LB T D, Fr VIR UIE S, CREFEREZ /- TR IR U3 HE /&
AN G THOFEE ZHELS 2T URIRB00, A2 — NI, fREFERE 2 - 9 R 1L AT i
2oT | =Ty TV T AR CEORREITHERITIUTR B2, ZO MmN REE R R — R A7 1340
{BEIGT DD T, 77y a2V 7ot A A EREE 3D HiEOBEAPMESNDZ 2725, FeRAM Db
HEE O AT =) 7T ST, ARVISHDOBIFIZIB W TR, Hr m e AEELL 3D A Gl Lo
CEEEE RS T 57259,

32 & 22 NM ~—TE%F [LITHOGRAPHY]

32 nm hp 1%, V7T 7 4 RO LR THD, K& WS 193nm #7iZ 7 7' A%, NA OFRSAT 32 nm hp
TG CEIR, LU, 7Ry F1d, X TN E == T H DT EHBE LT IO RERE YT I
SEICELN, VYT TF7 4O ANIEIE A5 5, H—EtiE, RERIBITROMIZIREL o A E 2
LT D, ZTNOOEMIL, IR, BRFEE L ThHD, [AIERIZ, H—HdliaMix 2 EUV VY7 T 7 1 CLELl
T5, mHIDER, SEEL VAR, v A7 BR T AR EINT, FIUSBAREMICH D, ~ A7 DR EEX% (0]
BEL ., AERED B R EA AT ATREMEZ D CWD L EE IR~ AZLV AUV 7T 7 413, BAFE O Y BRI D,
RE], =2k, KBfa, CDU, EHiabHOEHREE, LT, LYANILY —BREESZIEL D,

22 nm hp DVYV 7T 7412 L T, 193 nm KR AT v BHIEE LS T N/ _B—= 7 ClE, FEFICRE
7¢ MEF(Mask Error Factor), 7 =~—LER(Line Edge Roughness), =L CTa&at/L— /Uil EH 7200, B L
LEE, BEITRIREL A B IR S IO IR OB ST 1UE . 2o oA A O D URE T 5, EUV
FEEEEIZIB UV TIEL NA 0.25 T, 32 nm hp i35 kl 77272 —L RO k1l BE5H7-0121E, NA 1%
0.35 KO RELZRTIULRBZ2, ZHUX, BT RIT7— B OBINO FIRENEZ EBRL . DB L, AL
— 7RO FAEMZDT2DI, HIRO H TR RO DAL, FFPED L THELL R, ZEHE T~ A7
VAUV ZT7 41%, EORE TR, KDELSBRENTOAER, [Fl—D 74— /LR AXT, BERLIZE 72V
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HERFT D402, HEO P, HOVE, KRERWHIMERT-72 0 37670, b L., —RIbI-DoiEE
T ADIAANDHERFN, v A7 % WA ENEEDZNEFRZED 7 VR CERITENIR, Zud. =
DR —DT TV — 2 NIk LT b RFEII T, BREDBIT AL 725,

X7 [LITHOGRAPHY]

~ AZEAE, FEEICEM TR Do b D Lo TE T, v A7 AMNT, HAREIZEBL TETW5,
J V& FE7e RET(Resolution Enhancement Technology)lZfH\ Y, fGHI{LIZANZ T, MEEF DRA, A7 D
CDU. BN DERANEEL L TUND, v AT DRZ— A XD/ INS U IR K OV YRR 0
WA C, MEASOIZE LSS, EUV ~ A2 T, B B, ~U 7 VL CREE 580
o7z, é%bzlﬁ&u\%ﬂi%iﬁsz%o Jeti~ A7 DKM AL, @il T, R A E o3, K& D3 fiRRE
1, EH ATREZR A R TORRFUTEZEL TV D,

L2ZHLITHOGRAPHY]

74K~ AR LER(Line Edge Roughness)id, & b, E D2 O EFHERFL, CD DL ->ZH
KEIpR—B U NTET D, P TR D L 2V 7T vay b AR REE /2> LD, BgHEIZA
SNAHLUARDEIE L, DT AT A% 2.5 035 3 ITHIBRT 2723, DS ET o EEE | L ANBEIE D
AERHEIARI L T IRV Y 7T 7 4 Tlk, LU AMPEIOBHFS 1L, LV AME RO ez RAEL 72T
(X757 2T, MEREBIRO S B2 5 HIBRZ D,

CD BLUFLEFF D#J#l [FEP, LITHOGRAPHY, PIDS]

27— RO EBIR M . CD (Critical Dimension) XYY 77 4—BLORIA =y F 77 0
FAZBTHRORELFRED— DI 5TND, LV, 35T vV BAGIET 572012 AR
7 AR 4 — IR (Profile) flEIZN DIV TODA, Z D7D IZCDHENL S IZ#EL</e> T D, ' —

FRITHLTHREIND 30 1E50XIL, VI TF7 47 Rbxs /7’“/7712%2%%% el PRI Bl S AU D 03,
T AHFREIZELLD T O A THRRUTE SN TWS, FIZIT, Bty T o 7 i L 7=
BThoTH, 7 —MIEL VAN AT oy F o 7 ITARITHEKAFT HLER (Line Edge Roughness) 21K
T HZENIEFEIHELL T2 > D, COHMEIELERBIE L, FEEE L BhREHELS D, FHAFII L TH Bk
HEERE T D, SDIZEILDY — 7 BIIILERD L 2T HD T, T /A AVEBEIZ K9 D LER D 528 % Fil
fig LT " CLERODHIE B AEZ R E T & ThD, BT, LWV —MIER 3DMN oV ASESEZE AT D
ZEITD L IRy T T T a AR AR 4 — L REEINZ 35 1T 2 B SGEIZ B L T L0 2<D
RREA T DN E LD 72D,

7= NRDORIAM I T VYT TFT7 0 — by T 72 51T 5 CD il I E R ML Ry 7 T
FelT 2, KR, DLV ANRYIL 7 2) 7 — Ry F D/, 3) BT 0t 2D —ME | 4) 47y hAR—H
5) BT — A&y ZEPEE (A% v high-k) & CD filli#l3s L OG0T v 1L RO fil#Ea I #L <35, P
NIy T TO R CHESIIN—E 7 O7 a7 7 A VAN — S NEMALD X — Ml (2 —2 v AT
U MEFFE) 1, FhTF v BT D70 BB THD, MBS —RRED 30 3TV XE 12% A0
\ZHNZ D72 D — R — BT 0B A (V7 T7 4 — B Oy F ) I2dko T, MBI 5% —
JUIBRESNDZEIT/2 DM, 2D EITRET DRl E A B R E ORGHIRIL GRIT 22725, B

(2, TAAREXEDE i IMBIZESTEER LER OIIFEITH7DIZIE, =y T 7 T ARITHRT D LR,
BB AT — 2 3 R U CHER LA LT D, BIZ, v /LF A —MEESS 3D 7 /31 Ak
EREALLDETDE BRIy T2 7 7 a B ARH AR A — VIRIRGIENZ 351F 2 B MESGEICBIL €
FOEL O REE R DB AL DT LT85,

I ZZ T resist slimming F35/H0 o4 TYOS3, US TIE#EE triming &0 I IHGEDH L HHE, Leff 1241 Teffective gate length &5/
FEDENY THFL TV VED3, effective channel length 73IELL YD TEDLIITHHHLIE,
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BV B G B D B E /= T 7280 DFTET DA INTERCONNECT]

15 Bk DEEIE A i/ IMET 5728012, 130nm &~ 7 at ADRENS, A8 R T S B E L
RWFE R A A AL CTETe, BIEERIRE AT — A X 7§52 0%, HAfBHRs L RE I R 2Pk
AVEZZEE AT TS, MPU B AR O 2 % 2 FF A 7 )L T AL IR 5 (2007 454 2009 4T 2009
ELURE 3 A A7 VTRAT T 2) ToDIZid, B B EAERIR A B AT 52805, ERIZERIZ 2> TV D, &
H . @RI TERBHRD PN | SABLHER S AR, MRS, 7 LA VB CEAFDHGELS DT80, T
DRI R DREICH B L TV D, N2 T, IERITHE —REe s T ARIRH T\ v &8 A Sl e
EHETHIEN, KIEHTC BUMEHEMEE R T D720 1T BRSNS, low-k M EIZIZ, X A—V % 5
ZDRNDBHD, FFIRTA Ty T T T ARy E— Ry 7l OO 7 at AL MAT
Lo & DN AT B2 D1, BB . (LR, By, BRI BUWVRFEDS L EEE S TS, BT, low-x £
BHIZ AL 7 RILTM R D+ 3 72 B TR EE 2 b T2 22 T AU 2 B 720,

BRI BRE PR 1S HINTERCONNECT]

HEME low-k MAERETDIZHoTco TE MBHY, Ba770, ML BRI ER 27 S 72 < TR
BV, £ Kfa 1250 & B NIRLE AT E/R 7 v AL DI T A7, RS AR HIERS
72N, BRRROHEHRT, WERD AT —V 7 T, BRED Ak LA & TSI A — U 7 CThhi, PEEE, &
N AFEMEDOMEE S KT RXETH D, (ERAT =V 7 OMBMRIR TIL, HEREZ ER TERV DT, 3 K
JC (VA BIEE T (TSV) & Wy F 42 5 te) £oid, =7 F vy T HiE, Bleo7-(5 551k, #iars
FRRTOSEEEDERIN, B T Wy B HOg R R A T O ECRR 2 & OB ST AR RS LD,
ZNDOFEFRIBAROFBUZIL, LR 42727 CMOS Ak, FHl, TARET /L, Blf- Sy —
VT XTI F iRt it o BB NEETHD,

THE B DEBE G

ARANNRD BNF T 730 — T DO REN L, IV FRRICYGED L Fo TRIXWIT /25, Iz T, AR
FEINT L AR 2 (51725780 HEE I OERIL, T X COISHZEIChl > TREERMETH D,
THEE I OEBROEITEIOL IV FHIVAT A #%EE, 7 e A E 203 TR EN DL EN
5D, VAT LOENRE 1LY — 7B EE TR ETE L TR, 5 vdd, Zey 7 SERO faEdl., JEE
BOAT LT BRROT —FT 7T %, I Vi, VoV DRAT A, Ty I DUy T el iz b, =
NOEOFEDEBUZHTo> TOREIREIL, VAT LFEFH~OEREL T, {HEE b (e A 25>
(KIS CEDXEEETe) DI2OD CAD > — VORIt RITERY | F-, RIRHIHLNT SAZADT
—F T I T ~DY—IMEREERIC RS D,
160GHz F TOE/FHIZS ity T BEEE S R T ADETY 2

FEHEMER) (non-quasi-static)Zh . FEM /A K| @JEHE /AR U /AR RE . IS TIVAT I MK, £ LT,
INGUT AT T TV TR E DAy BRI N ET VT NE, VDI EETHD, T70bh, T atR
NEPEET LTI 40T ASIDRINT, B— T EH &L a— U ES D& LA HEO B IO - T, A
BB DHEHEE GRS CIRMITE BT AZENLETHD, T/ A ALEEE O L Nk b, 7'a
BRITANAAE LR 2 b — 2 a VT BRI 7 1y 7 /R~ AR AR — M DT L8
P CThD, W/VFHT1-, CMOS, &t (HV) F 2T 53 IR ET A RUELSNTND, Sy 7 FHT
(22 AFNRTIE AL E I — EBEEA LA —ax I NEE, BEHF A B O3 I T LR
EZNTWD, ZHLT72 RF B _IMET LD/ 3T A=A fHIE, RF BIEZR/NRIZT 5L 0 THLHEH
DEHEELV, 77GHz D HHL —& O K572 8811972 RF X, 100GHz SEIEIZ ST N Tuvd, 40GHz SR AT
b, 3 ROEEEDYE . 120GHz £TOREFEET V7 P THHZ LA ERL TWD, 7 a— L7
WEOETVTHEBETHD, BlZIE, 7uAN—0 FRmiER A BTV 7 mLha~ AL —
va(EM) | BRI R EINZILTHITH D, ZHLTERIE T vy 70, Bk, XA, v/ — RO EAE
Mz, Bipol-eT V7 Ial—ar L-ULTHIRI, 820, Bt e ilaGbtnZlick
7T, SoC & SiP LD HE 72— L Dt &4 (heterogeneous integration) & 315755912, CAD Y — /L% S5
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(RS2 TUE 5780,

T IEEDTED DT I PT R e 7 2B RDE T Y2ZTMODELING AND SIMULATION]

T RAZRE LR T DT SAAERE TR DT T V713872 D EANRRED 5, Z OFFEIL, MR T
INAAIR a2 —al kg ViZ TR ) 2 r—)L CMOS 322l —3al RN V) REZRIREE E/2 DY
DThHD, 7a/ TR T avRET V7 58O EELHANREIL, A TEROET V7 THY,
ZHUIERITBRN R R —DAF U AEADNDIEES T, FHT, =S b7 =— LB BT IA £
LD THDH, TD—I7T, TEZFR TV R—=TJBOIHIL, DR, KidhtE, KEoARN 2R
BT a2l —arTHTENRETHD, EHEATERAIC —~ AR =y M ) S8 5720
ZOTEBAL, BEICBERTHY, K—/ U NET-EK M, FRZ, ZNDDOEAKRND I TAZ—DZ AT
VI A ZEDYERE OGN XELS IV TERY,, 7772, Ffidh. ZL T, YU AR EREICS = —h
ST IURR DR, I IDIETERL :i%c]\éz%é{—?w@/f?%»—& [ZAELD B OWTHFRAR
FHUEZRB720, F v RV OF YUY RBEIE DOEEINOBLE D, ], B, T LT, TOIEESIEM L ~D
AT, T, BV SiGe X0 SOI HEEIZIRB T, ied TEE o> TE Tz, WIS, IO, wHifse
BEA TRICBOTOARY— RN EE T, 3l — Ll BUETHS, 7t Al ic, rﬁ‘m)
BAFE. ¥V T L —ar BT, R— 3R, KB, IS IORNE, FFHZ 2 RIL, 3 IRILTD, ZEDOWE
B LR E H AT O RE 7 E IR ZEMTERWE D TH D, BRI TIEME: 3 IRty 32— /a/%ﬁﬁb z
T HIZE, BEEUCE LT Ay Y 2 FROERPSLECTH D,

(K A NERE
R L EEMEEBGE R B (BRF
B4 2 St e Jﬁmwwxmi& :Mﬁ 70| MM L BRI 5, 7 a2 D
HECAAEN Vi > S ERARFE T B 120U, R TV AT — o O FENE A B

EDOL )L FETUEELRIT UG, E&#%Fﬁ PEZem) EL, BREFOHRHETO 28X OO M-Ik
LTCHxR—LLTEETREZLTHD, BV DT T AN ay TR 4 —b_X—ADR G, ~ /LT
TakyhOTas e VT BEHRGE, 7S Iy I AL T VRO AR E D, 7°mvkx$§th4f47
NDHERDR—RZEDE T, FFHAEEELERSE KO OEERE TH D, Ko ANEEDT-O
I ZBRER ARG O 3 B OG22 RN ELR S ND, BRI, T A RIZH DX OMER &/%%*7’3“@7‘@”
i/ MET BR%E VYT T T 27V RYeEkGEE, TARNE G ARG (B LRRERL R & DR EE S &
AN

FAPDBEMS[TAE TR PLEE]

WOMNDT A ZABANET ANIRTL TRERINEESZ BT, 73 A VO /S RIFEROEERIZED,

EHICEZVHRMED LN A L A —T = — AD B DR SETHH, B R A HIEd 57 A 7w b3k
HRERREL 72 > TUVD, SoC 3DV M SIP IZ B W CREFO i@ S D 2 W B R R O A I+ 52212 k-
T, a7 OT7 ARKFH(DFT) B OEHE, Flx X SoC 27 &2 ATZH D (Pwrappers”) & SiP D7 AMERE(L, D
TANREENB DD, RF, 707 S5, 2L T, MEMs DX 8RN, W<onDa=—r7T7
ANREZBUHEE 503, ENDIET V40 CMOS Bl & DWWkt A LTcRERICARIC, DT AN
EOUGEIIND LB/ DT A, KOG /RT —< 32— A MR H CAEBEA T = X L7 EDN DD
T SAZFAROBANL ST, B RIMEERNFANL TR IS B L =D T ANDET VAT T T
&, JVEWIRIETOT ARG (B2 X, B—DIREE, B, AT o8O ER, B, BREr
FH) DIBINZ D72 B RIREM N D72 5D, AAREVE D720 D7 AN, BEICARO TEETHHH, FrLv
WRTTRAR T ARAAMEIEET —F T 7T ¥ OB, —FEICFE DB T ARNDNEASINLZED RS
TWD, RFTOIFIA T ANT HZE, KON, FERIHMEZEBIO IR L Ff& BN T a7 7 A L D G4 L2k
PEREBRFUC X ABLE R A T2 Z ik, £72. TA FOBMES ~OTER P CcLH D,
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TR T47 H=U 20

FhET BT R PDREFHIR o — YT [ TR E TR L]

=7 OIEANZ Lo THRIS NI RRFE AT — L OFI D BIZT ANMT DWW THEX BT Z LT LR, 7R
NEZALERF (DFT) D HT, A% T AT 7 DXOIRREEA LT AN O K . e O ANEF D L
BB TORMRENEIT, 4 H £ TT AN ARNEHERF T DDIZZ NI L TEz, LU DD, BT S
ARPNEEINT HZLIZRDFLNT ARELR | BV E DT D OFT AN ASTENEEROEE K, K ONEFIT Ak
DOBLERIRHIFRIL, 7 AR AMIK UG [ EFEE RERFE TH D, KR, TANY — v (], 7e—7T1—R) ©
JORT ARDRRAANIBE T DL DN, ZIUIAT =V T LR WO TEOENRINEED FEHi7en, Zin
XD THRT ARTARND EH2H, D720, IANEE T HDIL/ D, FILWT NART —XT 7 F ¥ HE
HAAT— LK T DT AN ARMBRE IR T D2 LT, AL TOHEMTAND 27— 7 0 B L[
L CT AND AN =V T e fF T D72 DI O CEHE /22 Th D, HEN7T ANEE (ATE) D729 DFESE
IRT AT T T LD HENVER, TAND I AR P e AT MEFEM Y ) a—al | T AL ARG TR TOT
ARNDA LB —T 2 —ADN—RT ZANEHEEDLI2 L —ar EEFT VT ORE . 2D REEE N T
ARDAARNRAr =V 7RIk D HA 72 ATREME T D,

DR RHLBE TR DI F]

VERNDL DA I T SAABLEZTOE U R ATET /L(IDM: Integrated Device Manufacturer)lZ 2. C, 7
7IVA, Ty SEREGE, EOMORR A REBREE DL U RAET N, R DRI, o
BHET L BRI T DI DI B2 b D &p > TE T2, HIZ SoC ~DRKERD LMD, BOEBIAITITZ%
an i) B AR E XIS LT LG~ T A 2N EHEREE /2> TWD, ZO KO ERIL, SO &
SeH BT IR E RN T 055 1% T H— 7T ZL<OFEADREIEE | 2472V 7 M = TR RE O ] MR
THHEZATO S AT MESHUT2Y 7 T =7 O FH &) B O IR e HRERER A 2R L D,
TNAADRGEE, v AZ8E FEOL T#2E, BEOL 1T#2, LU TT ARy =V U 7B T #HEIC D
HETOEBITE T HIERO LW EFIHZITHTZ D DIEHR T T N7 4 —LDOBFIT, T /A AA—T1
(Z&o TR CEER PSR CTh 5, ZMERIETIX, RWiRTA AN —T v T DB DI 1557 &
A7 IVEA LFIHEES TIDSZBDFATH D,

BUEI R E A 25 A RID R — T ZICEBH B2 FI]

A Ao M EHOPRMEE SO 7= 0 B BE L AT AOUGE, BEERLE, L IR Y
=—/>(NPW: Non Product Wafers)DHIJEZ/2E D3, YA 2724 LJEHEE T A NI OPRERFR S 2w 35729
DRERERN7L 300mm 71 > DUGED MR 72 5587 T 5, 300mm >R MY = — A X (F] 21X, 450mm)>
BATIE, 2012~2016 ORHAOPEIRFEZEIZIITHH) — DO EERPEGIE THD, ZOBATIL, FIREC,
B ATARD 30%HIEE T A7 L FA LD 50%DE T ADICEHETHD,

ZAL T BHTHDIR NERRAMEFEERZ 7= T [ASSEMBLY AND PACKAGING]

BREEHURI DO ER AR L, 2\ —UMERER ) ESH | 45nm ~—T By T 7 e RO Cu Bl CEAH
SID low-k M & BHNEZRF- 572018, ZZEAFELINICE S DF BN IC /3 r — B ASDTZE A,
FIOMBHE, 30— 7 ORE CH BRI A SR AT D, 1C AT LRE (V= — T R) O T, #E
Bifi &7 me R il 7 R E O KB G LSO TN D, LLRRL, #h LR (Syr—y
INCENTIL, BT TR Y 32557 B 7 rt R EEA~ORLOFE T, 7V T F o7 O
g FH O BR AN B 3572012 R AMUIE kRIS EETHY | 7 r AL EOF LA G D
HEUEETHESHD, (KRB TSV P THUD AL 7 e A TSV 28 1e) 3 IRTTERILLT 2 —/ LUl s
R —=T 7L, B ANSGE S IO RIAR D 0D, FEFES L, 2O OB O BFELE FEHLT S
TeOIT, BIEHAIROFE LR LB /05, B OBEEIICID TSRO L, L—T DA —U 7
HIOPE 72 RIS Lo TS D ¥ vy 7 Z D 5720 | 3 TR LEIRO B A HEtE S5/ 3 —
DUV HERIZE S TRERIHKE D, BREEEERIRRID) BEGREE, T > 7 R T TG A
YTTVT 4 TANE, SiPIZES THRIIOERREE TH D,
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TR T4T7 Y=l 21

T F T HARDEERES L V= —2 52 [RF, ASSEMBLY AND PACKAGING]

BIIZEALL, L T, #ERF T A YL RABE T ARG T, BT 7V r—varbo 2T
LBERZ RS DT, SiP IEBTS, FlORRET T Ty MR — LS 5720 SiP VY a—Tar
DA TS~ HEE72DH, MEMS D7 12 2% W& QIED RE 7 /3A Rl 47 T v 7 T,
IPD(Integrated passive device)lL CHLESNDMEN D, 3 RICHESEHATCH M NEEA X, 47 - F >~
e E et T 5720 DO EHE e FIETHD, (Bllx OEEETEANTHZ L LIk R Z B L2 7 AR
—NERNIZIZAR T HZ 8121, v/ 33 % H high-k #0BETH SR 1V L/ R—=ANCA #2752
B (W) M DX 72 MBS 72 b B e & Fi b, Bx NS BRSO 7 o A b2 B R THI LT, &
RO BB Z ATRRIC T D EERGE Th D, FHI Ny —T 707 v 7V ae AD%IE, 74
TAVTRT a— = VI T E BRI T 5, R D EE T 2 AORNC, Hin e L 7B AR
PRalb—ralr 57D, FEERST AZ DF LS ERERIC, 7 e AP A & LRSI R T T VD3
D, £72. ERELNIEOD T80 CAD Y —/L DR B IRIT D038 D,

(LA P FH B 7577 [ESH]

FHLOALTFWE | $PEE BLOT m 2O EHRENT DB, ARIOMREE, 74, BLORE~HT2 A
EeR R DS 92l BUERRE THHUL P E LM BRI CEADERAET AT DI L HE
(SR CE D S IEEMEE TS, ESH OFEICHIDEEATML, BRI DD FENERSNL TS
IZH LS, BUEIL TIE CTOEMZ T ARNATIZEDOFITESARADSN TS, £HTIEHLHA,
FEIRRRREL LT, KRERHERIR R LERE(GWP) & A T~ D L2 E O B TRE COME A BRI HIRE1TS
LR EHRETHD,

BIRDE#I [ESH]

NERPESED R L Z OB K O RALIC - TRIEL TITUZ SN T, BARDRITE L
LK, =X — ALFIEEL . Z U THEIOME FHESHEINL T EIZ72b, BIROERIL, B HZh
SR AN, BESRAT, MERFATRENE, T L CREIEMALELIC B> TB, LIzhioT, ZhRMICEIRATE
xS ES DT bt RIEBE BT T DL ETHD, 77V TA—L T e REBOEWE ., $E
FIRAZDFIH, BE OV —{HE IR o L7863 27— L — DO BVE PR [EIC LI
FLIN TN,

BEDFF— KGR HE SN A/[YIELD ENHANCEMENT./

T, HF A7 VO BER T DR 2 A X OB EE R, bLUTZNEBZ D III0HS T, Al
B CRHTE DR A ROWHMEASIIEFSAL TS, ZHUTHE, IR 5000 EIRED 18 By L < 0]
B0 NS B 8% K W (DOT) %4015 < RRFSHOLT BB LA A USRS REREASER 1755 Tl
%, KBaOFEBNC TS SN L[] Bzl s TR =y "3 B D S0 7 7577 R ) A XIS, TEE R
B THD,

LA T OMERL S R T~ T VIR EVME T - B R/ — 7 M BB WBE 77 /Y [ELD ENHANCEMENT /

U7 av A R EREY D L0703 — o DR D7 S EWV T2 ZE R E, vV oy DY AT~
F o IR EOIE FITHER AN T D, T2 F DRMA I 0 BUET B L5/ E T, BRI
ANBITZ, ZLTT AN B — |V AT v F v 2 IR ANOIVT R B2 WTRE )1 IS Lo T AT~ F o 7 H5H
EOIE PRI R, KT & T, BB B BT AN 7 — Ak (ATPG) DI, SIS
B DDITEIR L BDT AN MLVFLERDN T AN O INZ 7267 B #7 ANEE (ATE) | & A D5
BIRWTRHE], L AT VMOS0 AT~ F v 7 B ED T T VS D72 OWil ROBEHHIILEE L
W T ITER 2 R RS 5D,

D — NI, NAYLEREE R GE6 /Y IELD ENHANCEMENT /
Yz Ty RV DR, R AR A DA £ R | SR T LIS TG,
NIy Y ANAYLK BRI E O R | AL — Ty b B (CoO) DBRFS Lt F ¥ tiE M e 7
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TR T 4T =l 22

INAZDAREF )] FIZB W TEEMSZ L T,

T BLORAHE TDF fzﬁ/ﬁA[METROLOGY]

CoO ZHEARIZIBW 7 m B AHIEAA T T2DIZIE, FHATES DU N, ARG HR T EOM A G4
HEERGEINT 2050305 L[RIFEZ er(ElJ@*f/j’U‘/ﬁ‘ ZRAL THREHIC R LA LR T AU e b7 uy,
— 7. EDGDALTALFHINE, T e ARIEZ B A TH LR, A —T y ME T AR D255,
APC <° FDC, HHW\ T, T AT AEHEEL T, & TOFH (T 72bbh, A T4 FHIA 7 Z 12 5Hl)
DODIFRIL, 7T —F_X—=RTHESI, BRI ST A—H2PELTZD, FHE AR F0 O FHBIHR
DEATU, B EV AL ET HIOIIEHEND, ZDOXIRBRAT T — AL A ERH A2 FH 5120
7°utz:ym~?~ A B =T =R T —HEH L TT —F N — 2GR T DR DS B C
b, B —ICBL L, RIE, B FE, 7 — 20 E & Ok S ST DI E MRV L LT B3
ST, SR IEESNDHT /et —DBFIZB O TL, ElED T AT 2 — VT E FIRHIATD
AD AN ECALSY AN

PBRHLTBBEFIDFH [METROLOGY]

AZ V=R, highk 7 —MOTERBIIE, SR BRI o> TRENE A SO D HATIT, JetEr72 BBt
low-k FHEMEIERERIC, S/ HELKEOWINEZ B Lo PR BBRAVRHEOBLED D, Frlld DT, fE
e 7 R AT D S o= N B 2 B2 2975, FEP & BEP OREEIFAEEDFHANC BT, 1lH K&/
FEIR DT AME S W CEHIIT 572012, ZOFEIROWELY), BREHED L2568 % 5.2 5281705,
TP, FrEO-NELE ORI IE L Fr R DT D8O RN ST R EEE 72D, 2D
(Z 77 BN SO EHRICH XIS TEARITAUTRB72\, T4y VT 7 XA (LER) Z (Lo fie/ N HERT
1A} e S = e 12 Ko A ) g 1 s R MRy 1 e S = S = -2 2 S B NP
FEP ?D#Ff# [METROLOGY]

T RA AR A2 =T (1L, CMOS ST &R RO N7 A% (FE ) CMOS ERFIEIND) 28, 514 15 4F
NIV RIESNAD AL T L T T RARTH DL Ea R LTz, EOR T B AL G IR T 22k~ T
AR T D ERDEA END, BT OBE AR FED | B A SR T 5720 I B E S D
FHAEANT 2 BRI T2 2 EMTREKRDO LN TND, B2, B2 b T 0 P AZ OBARSCRIED - DIk T 5
RO R Z IR T D0 EERH D, V— 7 BIEO I, L%M‘ﬁ DAREEAE 7 — MEIEDOFIfE, Eih

DIFRELNST- B A T v AT — g OFEN 7 —MEFIRDOIES | R—/S D4 .,
BEARS F—X&EW 2T 7 m B AT A—F OFFEHIHE B FEL T D, EOFRELET Vb
TDHWGEL, T VA DOFE B 2D TR L CEE LB CH D, CD #il#I<> LER OFHHNL, “IEfE
&7 (accuracy) EXNFROBL N GEHUNOBEE L TSN TND, Y —RAERL AU OA 7 &L LER D3
BT D PTREMEN DT80, LER 3T 7 SA AR T 350882 BRAEL 72 BT 0l 3-_& LER © HAEfE

B ET DENDD,

ZYT 1IN FRINC 51T B3 ZE— FEEX"E DX ” [METROLOGY]

n— R~y 7 ORI T DBITE B LRI ITRBIRNZ LD Db D, T 2L DA %)
PRI, HEBA AN BRI TODNTIRAKAFEL TS, TRk ITRS 1ZB1T 5 S (precision) 1, BL—FHHI
TEE ORI BN 25 AT FHI B 2 (reproducibility) & U TR S 4L T2, “FEEEE” (precision) &V YD
ST ARHENE” (uncertainty) 2V V) IAFERD EHECich LSEMES VD, sHAIRRZEI R A E) (reproducibility) |
FHAEEE ]~ > F 7 (tool-to-tool matching) , Y2 7V 7L B/ 3NAT ADZEH) (sample to sample bias
variation) DFZEEDPEME T SRS L TVD, FHAID“ AN >S” (uncertainty) 1, ZO XL, FHAMR], FHIZEE
W], Yo 7T NARIDBERNZ & TRAET 5/ AT ZAD LB O (531 E L TORMA) ELTERS LD,

Y7 Z 7.0 —DEFE [METROLOGY]

V757 4—DFHIE 2 — TR O BRI TH 2 T 5 S LR T IUE R B2 N WO R A F 2
TWD, NI VARZDF—NED N\ X @I HET 57012, £7°, ~AZOWEEFHUT 220 bik
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TR T4T7 H=U 23

Folz, RERMED~AI =T —T 774 — (MEF) %2V 57 40—l T 55E81%., ~ A7 ORLEEBFE Tk
LW 2B AR LB TH D, LT3 > T, KV IERME CRERFHIOBR P LIETHD, ~ A7 OFHIE,
DN IERE R SN DA FHIIT A2 80 B A TVVD, T — FICBIT D/ Mias Sy 0t
WG KNI Z 0> TE TS, 7B A L B ORI R 23 HA O B T RSB S FExrY7e
“IEffEX, %Lf%ﬂﬁl e~ T2 7 OESRE IR UGET D IREN 1127225 T, Bk EA RIS U725
Wz BB LT H720121E, CD REAAF DI T DB O L EAR TR ThD, ZbH T < TD
FREICBHT- TR, %)9 DOBEBERFHR OB THHEHARE ) DOFHl T IEIZ DWW Th RS e iuide
SYAAR

EHITH] (2016 435 2022 £F)
PREM _E
V—2 B DEBE RG]

HEENITIR2OMETHS— ., BRI — 7B RFE R O B RN FER O /i L7
STUVND, 75‘0’C/\4T*7T§ﬁ‘T75\_0)J““7 B Z N RN, CMOS  Hiffro A x5k
DINENSILVTND, U—TBINE, 7 —ME LR, LEVEEE/RE, F—Lo 7 AT A—=HTL
DIEBBIEANCZ L A=V 7 LIEB D E O T OBLEN BRI GREEZ R T)D, KRBT /3 A
TOATEINET 7/ —H A7V 10%DEIG THEIML TS, 2z, BTSRRIt 2
—EIRD I B A L2 TUI B0,

EBIEREIHE DI EL, D> T+ RAZIRIHIFI I E /2722970 CMOS DEAHPIDS]

FERICEBUW TR PR DA —RED 10nm LU T 72 AE, K EET v /LD FD-SOI MOSFET <o~ /L F
27—k MOSFET (32BN LT | BT v VDR IHNCH WIFFS LT D, o EYH D N T
TADHEIRIZ, High-k 7 —MEEIE, A2V 7 —NEfiR, £ VarFyxl, Tb_"—TyRY —X/RL A
728T, )T 710 CMOS ITEASNAZEDHIFFS LTS, 7 —hE 10nm LT CiX, FD-SOI DA T ¢
PBIEIE 10nm LA FBARETH D, ZORFO B 1R R I RELIRO B I+ CnZen, Znb
DOIEF 72 MOSFET (3, /— A COENEE DK EET v+ 1AL T, WoNURT 4o ZEGEI LT
TWD, 207D PIZIXT N ~=0 ACM-V DO F ¥ v m i Vay BEIEST20, h—Ro T ) Fa—T7x
T TAN IR E DEIENRD ENT v XA EME DD LiRu,

MOSFET D###/E [FEP]

k95 CMOS ML U R A RLCUND & BT NAT U R AL EAT * eV o7 7 — A% —HedfiiC
A THLEBRRCHT LT A AEIE O AN THEIND, /27T 7/ CMOS #§i&E (Multi-gate) 13, 7
— KRS T A E VAR E BT 558D FEP 7' B AL HEA S CHETHIVLENH D, high-k 7 —h
HFRNED EOT 1ZAX /L7 —NI%L T 1.0nm A LT 20 R8HY ° | ZOBIIEm B E ST
AREZRERNWY — VBB OHERF L7z B CEEESNA VLN H D, ARSI Z R E L T<BRITIE, vy
—MEHIE T m e AL FEM I HER SN AL N DD, LYV ARIERC Y a v e — A D L7 EiEis %
BATHZEICES T, MDA OFARGUTMRSINZ DR DD, 77— CD DIXLOXIIV I T7 41—
Fifr, LU ARRVI T HA, BEOVF — by F o 7 EIR O i b a1 7O 2 E THIHIL T T Rbre
AN

[N

AR (100) HrEEHIE (110) AR EEIRESHE, nFET & pFET (KL TRV VM A ETR,
FRIAE:LSTP 3 E L T EOT<1.0nm LFREL7-203, HATHIIZEEL Y HP (ZFRIUE, EOT<0.5nm (27 L —2 AL —RAEE,

w
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TIRIT4T H=l 24

DR r—Y 2 2 IS EHBHIR S — 2 LEREB K LB TR VRS TR T T 524
[INTERCONNECT]

MENE T T AD KT Tl (ERD A —0 7 C, BN OI= AR MERED BRI ZE 2 HZEIT T
72N, PERDFIETITZL, FILWERGET —X 7 7 F Y 2B AL T AR — U 75T HZEM K
M L7 D THAD, PN EREZ DX AR, SV EEE T (TSV) 2 W T3 Rt b a1 TH28 T R
BITRW m—SVELRA B I E RIS TS, @EIEMER S AT DR Z LN kD Th A, ZlhFE 4 H
W IERME 5 C B EHEERREOBIRDIEE LT DD AIREMED DD, A SHIZ B L& —R T/
F 2 — 7 ONBRE S ST BB OB AR | &8 - Mo RO TRITRS N T PERERR A A k&<
2D ATRENEN D, B A — U 7 DR T D121, Frarficira VA2 8T, BERERIC SR L T2
AIREMEA RO B D, ZDFF D AIREMED&HLHANE, Flx X, Ve —&2ZMHdiAteZ | Al E R iOE T
29D 8, B TREA WA =2 LT 528G A TVD, ZNHDFT LW E AT 5720121%
(LB N-EIRD IO 7238 O DIV ERE D Z EBARBFIC ANDRETHD, L L72ns, CMOS At
DB T AL B2 G HE BFE L C, AR EE R T ZE D IRD EELNNZETH D,

4—LCD ﬁﬁ@&%&fanﬁﬂLlTHOGRAPHY]

T ISAADWEIIR A — V2 7 DI, BEEZNAHZ —CD L, 45 % OV HAFEARHE T 2016 4F |2
IZ.LWR % 36 C 1.2nm | _/ﬂzrauma 36 T 0.92 nm (T2 HZETHD, (Si-Si #&-HEEREDS 0.235 nm.
THHIEIZIEH LU TERLY) , U2, CD FHHIO 3 fRRELAE LA 2022 4F 121X, LWR #Hlll% 36 T 0.36 nm C
ITWRIR5, 4.5 nm 2T 52 813, ALE T IEHIEEZ 36 T2.2 nm (2T 52 E LR R A a8kl T 5, 2022
I E— A ET 2 — TR CTELRARDOK MG HEL 6.6nm LU T2, FHAKC, MA@+ 7070
FERE L iRRER FF7=72\ VT, CD DS EE 7 e ARl A, THZ LTI/ D TH A,

RS H ] METROLOGY]

3 R TTHEED SHEFHARC R et 495726012, FEMRE <ﬁﬁ®ﬁ*fﬁ%ﬂ§;@>ﬂb V) TR FRREDT = —
N AT TREDBEHR A S VBT D, CD .ﬁr@u#*f” Zen] EXE D021, WER EFHAEEE N T
HrEN =i T O B2 R 3D B3 55, SO H ELTH Y, Jzﬂf AR ED RIRRIC S
FETH D, Fii- 72 S IEAERE %ﬁbtj'n%muﬁi) B RAESC AN —T Y NS T T D, A4
PAPSERI L, ZOMREIZKRG TCEDEMD— D ThD, ma e REMRHIE D34, FERTEEEAMTIL 3 W&
TEAEIED CD FHURC K MM E FIREIC 95, [RIREIZ, CD-SEM (X, [FfElMEEZE LTI-FHlO7=012, A
7 a— 7 PSSR TR IES VR LTS,

CMOS DR =225 5|Shed 0 5= LE, HEHIEFEE BEYOND CMOS[EMERGING RESEARCH
DEVICES]

16nm HHAEZ VLA TG HALBRE T 2 Be A TR RERN A — U o 7 2 5 TEITIE 3 DD FIEN®D,
CMOS DA =V 7 o | st 1L, V— 2Bl B IV E % i/ NI Z 727535, MOSFET O il fid
FELHINSE | RUAVEBIA B R T DT DI B2 BRRE L T 2RO F v A EHIEEHLZ 5
VERNDHD, EEBEREEL, FTLOT A RO EJFERZ2L ~L DT —F T 7 T — % BA%E - BREL T,
VarzE e CMOS IZRERIO B IZ o b L7T-EREa 7 24689 A2 L2 HIEL 7= D T %, Beyond
CMOS ELITHALHIT CMOS ZiE &z 28T L MEFRUE O ZRL ., BF 57 7m—F Th o,

T IEE L FFIEDFHIH] EMERGING RESEARCH MATERIALS]

%ﬁ#ﬂnﬁﬂ@aﬁ%l%ﬁﬁ%s@m OUF, HEIS N2 B ELREEZ S ORI O BRI 2RI 528 Th
ZOMBIOBIRIL L@ 8 RIS T AR, UVl Bl o & LB EL - /A — /L CRIARE 75D
(Df%éo ZOHERIZ, FEED, SHE, NURIEREORHEOKIEIZ ZR T A7 Tl A—R T T
2= FIUAT— B RN T NA R EAED T DI BRI R E T A2 &2 BR L TD, -/ A—
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TR T4T H=U 25

B — N DR DT DN B OMEE OFIEWEL UET D720 123, IR O OB IEL TR LT
2,

Ko ANERE
SN BBD D DFIMNFZI]

RIEIZHD Kt EL 7 0 AR R EBRET D7D DT 4 —R w7 )—7 LU, Sl filiE 7 nt
ADHEEOEAL S EE FH T HFALTCEL COT AD EIHIREZEN L, AN N—R Kz A7) — =
TP HTETH LT RN EE 2 DIV TET, IR LVERD FEIDR (LT, KM A XDE
7RI | BBEARAT AL —7" NRFR D 2072 3N, BT A MO TR0R 2 L T BRI EAR (/A
(pica), L' —H—7"—7 (laser probes))D I EOWEHIRFR~OEEL/ ST B, FEZET, P8R F 3
LU TR A7 Z8 i RUCBEL ZOEL TVD, 22Tl DFT DORfES, 7 AMI LY AIRELZ2 D2, M UV
DE B MBS E LD,

BV v N =i D B [ASSEMBLY AND PACKAGING]

2016 4D IC 12 MPU/ASIP O M1 /~—7 'y F 73 23nm, =7 EF1E 0.5V T, @MREH R TO VO B
I% 35GHz L7325, ZIWHDT SARRHENE - AT LTEBHEDNE I, FeteD o — U Hiflox
=V B BHARTTE T 57259, @Ay ARy MRS T DR SR i I, JeE DR mEl
AT LR, =R T )T 2—T DI F LN EEYREM BN G EiLD, 7T H—R R F — A5 T
i =N IA EN TR B OO ElHE R A F— 7 = — APEL IR DA, i

IZHTRTCODERET SARETAIEMFIIT SARE, EFIA S —T 2= RNBLL T2 D AT I
RETOBLENG  ZREZARIRT SAAD SiP ~OHEFRITIE, Flild &% BT D72 DakEhy — LV EFik
DUCGENRVTEETRD,

32NM (2518 7 2 B R BEHTERA~DBEIHE 282 72 AL BB DR F]

IANHERO B, Jelii TIGIC B LSO FMRME, ZHATE YE, YRR, §l&kes 808k
¥ CihD, L DEY2—/LHO 32nm HRD/NS72 T v AT R0 e A B L, T35 )
AT MU TR R 2 AL 3 E T EMECREEChHL 7 m e AN 31T 2 BES I E 4R 2
T2, FrZ, K0/ hESTemy M ARIEHZ o7 ZaEOME N 7 B IO, =2 oA pEsh=RY
I —DHIBED 1 DTNz D,

BT EHZ BT -B1EFH, B, B VRFFIEDE 7Y >~ MODELING AND SIMULATION]

B BEOWEER R DT DI, FEBRIE DA —V o 7 A2 272 U CIIHERF T 228 R TIZ, B
(DEASNOM B EIUTINL TWD, ZOIDZRE AT, FIEHEED S — Mk, A Z—a k7 O,
ZLT7ARVAMPEL, B2, Emerging Research Devices HIZISUNTHRAZZE LV, ZAUZ Y, BLETE
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Table ITWGI Major Product Market Segments and Impact on System Drivers

Market Drivers socC Analog/MS MPU
1. Portable/consumer
1. Size/weight ratio: peak in 2004 Low power paramount Migrating on-chip for voice Specialized cores to optimize
2. Battery life: peak in 2004 processing, A/D sampling, and even | processing per microwatt
3. Function: 2%/2 years Need SOC integration (DSP, MPU, for some RF transceiver function
4. Time-to-market: ASAP /O cores, etc.)
1. Medical
1. Cost: slight downward pressure High-end products only. Absolutely necessary for physical Often used for programmability

(~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

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.

measurement and response but may

not be integrated on chip

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

Large gate counts

Migrating on-chip for MUX/DEMUX

MPU cores, FPGA cores and some

2. Reliability High reliability circuitry specialized functions

3. Time-to-market: ASAP More reprogrammability to

4. Power: W/m3 of system accommodate custom functions MEMS for optical switching.

1V.  Defense

1. Cost: not prime concern Most case leverage existing processors | Absolutely necessary for physical Often used for programmability

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

but some requirements may drive
towards single-chip designs with

programmability

measurement and response but may

not be integrated on chip

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/m3

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 /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
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1. Functionality Mainly entertainment systems Cost-driven on-chip A/D and D/A for
2. Ruggedness (external sensor and actuators
environment, noise) Mainly ASSP, but increasing SOC for
3. Reliability and safety high end using standard HW Signal processing shifting to DSP for
4. Cost platforms with RTOS kernel, voice, visual
embedded software

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

MEMS for sensors

A/D—analog to digital ASSP—application-specific standard product D/A—dligital to analog DEMUX—demultiplexer
DSP—digital signal processing FPGA—field programmable gate array i/f—interface I/O—input/output HW—hardware

MEMS—microelectromechanical systems MUX—multiplexer RTOS—real-time operating system
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Table ITWG?2 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

EMI—electromagnetic interference

BISR—built-in self repair

BIST—built-in self test

DFT—design for test

ESL—Electronic System-level Design

MTTF—mean time to failure

SOI—silicon on insulator

HW/SW—hardware/software
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Table ITWG3

Summary of Key Test Drivers, Challenges, and Opportunities

Key Drivers (not in any particular order)

Device trends

Increasing test process complexity

Continued economic scaling of test

Difficult Challenges (in order of priority)

Test for yield learning

Detecting Systemic Defects

Screening for reliability

Potential yield losses

Future Opportunities (not in any order)

Test program automation (not ATPG)
Simulation and modeling

Convergence of test and system reliability
solutions

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
Multiple I/O types and power supplies on same device

Multiple digital I/O types on same device

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

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

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

Testing for local non-uniformities, not just hard defects

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

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

Erratic, non deterministic, and intermittent device behavior

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

Opver 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

Automation of generation of entire test programs for ATE

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

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

ATE—automatic test equipment

MCP—multi-chip packaging

ATPG—automatic test pattern generation

BIST—built-in self test HVM—high volume manufacturing

MEMs—micro-electromechanical systems
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Table ITWG3

Process Integration Difficult Challenges—Near-term Years

Difficult Challenges = 22 nm

Summary of Issues

1. Scaling of MOSFETS to the 22 nm technology

generation

Scaling planar bulk CMOS will face significant challenges due to the high channel doping
required, band-to-band tunneling across the junction and gate-induced drain leakage
(GIDL), random doping variations, and difficulty in adequately controlling short channel
effects. Also, keeping parasitics, such as series source/drain resistance with very shallow

extensions and fringing capacitance, within tolerable limits will be significant issues.

Implementation into manufacturing of new structures such as ultra-thin body fully depleted
silicon-on-insulator (SOI) and multiple-gate (e.g., FINFET) MOSFETs is expected at some
point. This implementation will be challenging, with numerous new and difficult issues. A
particularly challenging issue is the control of the thickness and its variability for these
ultra-thin MOSFETS, as well as control of parasitic series source/drain resistance for very

thin regions.

2. With scaling, difficulties in inducing adequate strain

for enhanced mobility.

With scaling, it is critically important to maintain (or even increase) the current significantly
enhanced CMOS channel mobility attained by applying strain to the channel. However, the

strain due to current process-induced strain techniques tends to decrease with scaling.

3. Timely assurance for the reliability of multiple and

rapid material, process, and structural changes

Multiple major changes are projected over the next seven years, such as.:

Material: high-k gate dielectric, metal gate electrodes, lead-free solder

Process: elevated S/D (selective epi) and advanced annealing and doping techniques

Structure: ultra-thin body (UTB) fully depleted (FD) SOI, multiple-gate MOSFETS, multi-chip
package modules

It will be an important challenge to ensure the reliability of all these new materials, processes, and

structures in a timely manner.

4. Scaling of DRAM and SRAM to the 22 nm

technology generation

DRAM main issues with scaling—adequate storage capacitance for devices with reduced feature
size, including difficulties in implementing high-k storage dielectrics; access device design;
holding the overall leakage to acceptably low levels; and deploying low sheet resistance

materials for bit and word lines to ensure desired speed for scaled DRAMs.

SRAM—Difficulties with maintaining adequate noise margin and controlling key instabilities and

soft error rate with scaling. Also, difficult lithography and etch issues with scaling.

5. Scaling high-density non-volatile memory to the 22

nm technology generation

Flash—Non-scalability of tunnel dielectric and interpoly dielectric. Dielectric material properties
and dimensional control are key issues.

FeRAM—Continued scaling of stack capacitor is quite challenging. Eventually, continued scaling
in 1T1C configuration. Sensitivity to IC processing temperatures and conditions.

MRAM-—Magnetic material properties and dimensional control. Sensitivity to IC processing

temperatures and conditions
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Table ITWG3 Process Integration Difficult Challenges—Long-term Years

Difficult Challenges<22 nm Summary of Issues

6. Implementation of advanced, non-classical CMOS Advanced non-classical CMOS (e.g., multiple-gate MOSFETSs) with ultra-thin, lightly doped body
with enhanced drive current and acceptable control of will be needed to scale MOSFETS to 10 nm gate length and below effectively. Control of

short channel effects for highly scaled MOSFETSs parasitic resistance and capacitance will be critical.

To attain adequate drive current for the highly scaled MOSFETs, quasi-ballistic operation with
enhanced thermal velocity and injection at the source end appears to be needed. Eventually,
nanowires, carbon nanotubes, or other high transport channel materials (e.g., germanium or

[II-V thin channels on silicon) may be needed.

7. Dealing with fluctuations and statistical process Fundamental issues of statistical fluctuations for sub-10 nm gate length MOSFETSs are not

variations in sub-11 nm gate length MOSFETs completely understood, including the impact of quantum effects, line edge roughness, and
width variation.

8. Identifying, selecting, and implementing new Dense, fast, low operating voltage non-volatile memory will become highly desirable

memory structures

Increasing difficulty is expected in scaling DRAMs, especially scaling down the dielectric
equivalent oxide thickness and attaining the very low leakage currents and power

dissipation that will be required.

All of the existing forms of nonvolatile memory face limitations based on material properties.
Success will hinge on finding and developing alternative materials and/or development of

alternative emerging technologies.

See Emerging Research Devices section for more detail.

9. Identifying, selecting, and implementing novel Eventually, it is projected that the performance of copper/low-k interconnect will become

interconnect schemes inadequate to meet the speed and power dissipation goals of highly scaled ICs.
Solutions (optical, microwave/RF, etc.) are currently unclear.

For detail, refer to ITRS Interconnect chapter.

10. Eventually, identification, selection, and Will drive major changes in process, materials, device physics, design, etc.
implementation of advanced, non-CMOS devices and Performance, power dissipation, etc., of non-CMOS devices need to extend well beyond CMOS
architectures for advanced information processing limits
Non-CMOS devices need to integrate physically or functionally into a CMOS platform. Such

integration may be difficult.

See Emerging Research Devices sections for more discussion and detail.

[1] 22nm #/€F TDOMOSFET DX r—Y2 2"
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27 W7 —k (DG) MOSFET(FInFETS ) 2 & DF A& IET 7 SA ADFERBNME S NAZ LIRS TnD, =
NHDT A A TEF LT v VIR EEDMEL | LEWMEIIAZ VS — MO FHBETHIEIS D720, 71—
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F 73127 MOSFET CRIBEE 725 5T v RV IC L AR AR HE A A CED, LL, V<D0
DOFLVFREL AL D, ZHHOFME TR REE b 01X, SOI RO I LIRS >E O], A2 L7 —
ORI DO HIE T D, 7L —T73L7 MOSFET D& LFEIEE, TAED Y —A/RLA BTG K
HFETHD,

2=V 7D T L —F 7317 MOSFET Eii#iE MOSFET (ZHG@REIL, 7 —MRICH L TDF A
U AE (Line Edge Roughness: LER)DEIS O TH 5,

EMERER T ZIZIBW T, AT — U T Ty T ERRE DR ENT VAR — VEHROEE R DT80 | F
o DF RO W E T IR PERE B A EERL OO MSZANKEE 2705, PERELTE B /D Z—47 Mt T,
SRR EHCT —F 7 7 F v DO HF L LEWVEDRRDNT PAZ DR (v Vv F V) 708 B EEE72 2, 7Y
T AN SANUATRNLEVMED T P AZ % RO DOE A ImMNLEVMED NI A2 A PHEREETH
BB ORBELEITIVER DD, BB B Dy 7R, A r—V2 7 L5074 2B I OFEA
HToD, ZOTD | NP AL DY — &It &I LA CHER IR 7o TND, /L F Vi 72
FCR, EPEREFIREFRRIZ, [ E T —%T 7 F Y D EEFBLETHD,

[21 =Y IO BB E K EFD/ED D370 EEADEELX

B, Fv RICEE ANT v RV EIE 2 S HZEH3, MOSFET OMEREELR 729 72012 K&
<HEBRL TV, BIHMETIL, 7/ SAAMERED BRAEA 723712 CMOS O E)E R AT T (&6
I EA X ADZE) NKEEETHDH, LNLEND, Ta A TEAINAEIL, il bl EbI NS TE
THY, MRS THEAHERF CEOHMNMA LI TH S, GEMIZ- DU TIL, Logic Potensial Solution ffizZ
R)

[BIFEDOF, 7 TR, BEDBB RIS I I LG R

MOSFET DAY=V 7 LT SAAMERE, V— V8B, 728 OERMODERIZIL, High-k 7 — Mk, A%
WV —NER, L _—T R =R /RL A T =—/VEIR, IR —E 7 HA, 8 low-k A4 #8771 —I%
NIZ,RNTFF T r =270 8O ZLOKIERT A MO HEFN, D7ed b 10 FELINIZSEA X
NDHZENRVHLEIN TS, F7-, FD-SOI MOSFET (Z46F~C, /L F 47—k MOSFET (2T e L
MOSFET #i&E N E LS A ZEN TSN TV, ZNHETOEFEMIRIL, [FrEta2 R T
T HIENT, BETHY, TR BINODETENMENS A L) — RSN A Z LTI 2D L TSNS,
[4] 22nm ##€4Z/E7¢7 7= DRAM & SRAM DX r—Y22"

DRAM O EE/FREIT, B/ DM/ NS TH 070 B REA BOMER DT D, High-k #EfxEe MIM Hi
DEAETHD, +3720T v a B2 HER D701, MDY — 7 Ei-cEa Y — 7Bk, 7782
N D AB DY T AL LA R —ZE R OIS EE CTh D, (K — V7 EIROERITT 7 BANT VAL D
BURMRE A NEE S5, 2T, U —RREE Y M OIS — MESTETEH L., 74672 DRAM O ZLRIH
FEPEREFEBUCIEH ICEE CTH D,

SRAM (Z2OW T, A=V 7B D /AR~ = OffEfke, Ry bl 7 hm RS> NBTI(Nagative
Bias Temperature Instability)72 & O N2 EHEOHNHI O ML SFE TH D, Fo, Rz W TOYY 7T 7 ¢
LT DOFES B S, SRAM [Tl H . EEEEOIRHATY — U T SS9, Bl o iR RE A ik
FHZENE, VAT LMEREN RIS A THD,

[5] BEETHEREIMEAEY—(NVM) D 22nm HCIZIE17 73R

AFFMEATY - CHG@ 2 T = Dd D, —DlE, ZAIEND NVM BTN D020 5T CMOS Hifre
W22, LT, ZOTEDIZAE)— LV OFHMEIT SO B D, ZHHOFREIINVM Z LB 251,
MEFOFEITEIEIND NVM D7 — 7 JUCFLHSILTWA, D HOMYEIL, By heU'yMIEBITHiE
WOEEN, MEHIAN 2% 5.2 | B VEHEO B EN D FREMEN DD, BAITEE , EEOT /A A fF
PRI T DEVD I, KIMBIZBRELZ AT = AL THELD, T T 2T AT U ia v OERIT, AEY -
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DY BSNDREN L LRI MFHDOTARTA L e —P =252 D, ZO oD/ TA=Za KRBT
AT D LTIFFINEETDHD, BTN T, VT2 A LOBRL L,

(6] EBIBFEIRE)PAELS, DO F ¥ RAFIRIHIFISIh /2272208 CMOS DEHE

FFERIZEBWTR I U AZ O —EDS 10nm LA T &7 A5 AR EET v % /L D FD-SOI MOSFET °~ /L5
27—k MOSFET (320 =RAIZHG L TE | BT v VRGNS MRS TS, oM EHYSHDW T T =
TAOIRRFIL, High-k 7 —MEEIE, 22V7 — Mg, B VarFrgl, TL_—Ty R —Z/RL A
728TC, )T 710 CMOS ISEASNAZ EDHIFFS LTS, 7 —hE 10nm BL T CiX, FD-SOI DA T ¢
BIEIE 10nm UL F B TH D, ZORFO &R ER I ELNRO B IS v Qv Zih
DOIEF 72 MOSFET [, V— AU COEARE DR EHT ¥ AL T, BN RT o JEE L -
TW5, ZO72 FlzZIXT N~ = LRM-V DT v N E T Vay g7 =R T ) Fa—T7%
T TAX 72 E DERENZRO ENT X RN LB LAV,

[71 #7"1inm DS —,RDMOSFET (25175, o6& EMFHH97 X IT5 D& DRV,
B2, LER, 1l SOI HEDIIHDERE | HFHHRIEO D E DB I+ I TIFBRES TR,
[8] FrAe)—iE DI, #iR, BEL

FEHIZHBWTIZ DRAM & NVM DR —I 7 OFELEA, REE R FREORIZTEHEHSIL VDI, HER
T 5, BEE., ml, T U THLWAREIEVE AT —HEE~DO VIV 14 BB OT=D12, LT 5,
ZDIHRAFER AT —DEPEIIRE R TF YL P THD,

(91 & EREEDER LB

SHOHRPTHRIL, ARIE2Y 100nm LA F /bl iR x TR T2, T, JERHEEIED LB E=RIT 1-1.5 3RS
Tb, %ODH#,,E\\T\ H R AEREEREN EDT=DIC FHRO T —%T 7 F v oM BHC L AR N ELR S
60

[10] BAEGCIT, (EHRABEDEER D=0 DI CMOS, CMOS LISADFINA R T —F 72 F+DIFE,
ZER, B

BASHINZIE, B— R~y 7 DDV HDHNIZEDZITIANT T, MOSFET DA —V 7 1345k 2 (2N R0355<
7RDD, MAANIZRY MERE, YRR, RS S EL Q72D FE CMOS (2K DR R D B
(27250 EDII TR NZE N E TR SN EHE LS TODEERE, KA, @D CMOS =Yy
FAil BERER B DU NI BRI A L T L — S a SNAZEN IS D,
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TATVABEDIZHD RF L7l Iv 7 25 B

FREIR

RF &7z 3w 2155 CMOS

o 2EENTEMRE CMOS Du—RN~<y A1z 77, SV RF CMOS ZsRk=H1E

o F,Fpa (ZX95RF 737 A—%%L 24 GHz and 60 GHz |28 A M55

RF 7 F a3y (EBNA R —F TR

. 3 OODBIJ/z ®/\4T~77/\4’7< Lxﬁ%%mﬁﬁt ----- RFEAPEI AR =TT SAADT=D D EE
. %@&fk%ﬁf%fbﬁﬁﬁ ZF74/\~&LT@TE§)§%&>T€>.

o  EHHET/NAAD F, Ar—U 71 3HE0IEETIEZV Y, 300 GHz 1 1 453241, 500 GHz 1% 5 4L C,
Fuax, Jo & BVepo A7r—No 7126 HHE 5,

o HEJIHEIRERD NPN NTA—ZZWETL ., )RR O EMEEIC S DED

e  60GHz 7y /A RXFEHE4ABN

RF 77l F o7 b NZEEF

o T m RFEIHIEZRD 3 DONS BN

o Xy \UH— B ALK IE— NTIE—DIIT NAREINZD

o &R-BIE-SEXY S E—EMZD

B #EE5 (0.8 GHz-10 GH2)

o  NURBYILV ALEWEEIRLE Si A V2, HBT & FET /N Ry MR A7 B E A2 N2 5,
RSN AT ARG IO T2 O FET-HBT $EA8E , 7 A/ S AW JER R DT D DA T T AA
S FHERE, T E RSN AN T —< L 2NN T TR AT SNA AR BER LT
%o AANZTOTHL Si 72 OF v 7 OFIREER T A7 L TD,

o JEMR—HEHI L WHHEEAUEV O RE B IS LDMOS, 1I-V FET T /3 A M BT HH LU MU #a
~A7aEE (WIMAX) 25 6.

e  GaN T A ARATEEHLIDST-DT SIC T /3 A AR,

IU¥¥ (10 GHz-100 GHZ)

e III-VJ&7 731 A(GaAs PHEMT, InP HEMT, GaAs MHEMT, GaN HEMT, InP HBT IZEBIfEIT 5Dz
V5, SiGe HBT & RF CMOS.

o R/ AXHMERREE )T A R B TRAIT D

DA TV RRBAEBI SIS T BET A —T T FR

o LT H AT E—N HEHEHICEL

o THAAADU—RTy T T T T ICELT VA (SDR)IHRARND T, T VXN T ARG
B M DERE | RS A, T o2 — OB EEEE WA TV R T T e —F %
fFi>Tuk~%

o TUAFZENFE L RFMEMS OESRFIEICEL 2 >OFRENMNZD.
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i 2As) [ e
Table ITWG4 RF and Analog Mixed-Signal (RF and AMS) Technologies for Wireless Communications
Difficult Challenges

Difficult Challenges Summary of Issues

Performance and cost trade-offs for SoC versus SiP solutions
Signal isolation and integrity are challenges to technologists, designers, and EDA tool providers for both
Radio Integration analog and digital domains

CAD solutions for integrated radio SiP designs (chip, passive, MEMS, package, tool compatibility, and

model accuracies)

Optimizing analog/RF CMOS devices with scaled technologies. Fundamental changes in CMOS device
structure may lead to the need for separate process/chip to support conventional precision analog/RF

devices
Increasing Ft of silicon bipolar devices by more aggressive vertical profiles

Managing higher current and power densities that result from aggressive vertical profiles in silicon bipolar

Device Technology devices

Performance and cost trade-offs for integrating passive devices
Predictability of battery technology (end-of-life) and its impact on PA roadmap
Compound semiconductor substrate quality, reliability, thermal management, particularly for GaN

Low-cost processing equipment for compound semiconductors

Design approach for wider range of supply voltages

Digitizing analog functions in the software define radio (SDR)

Design (Non-linear and 3D Electromagnetic models for accurate design and simulation
Computationally efficient physical models for compound semiconductors

Thermal modeling and simulations that are integrated with RF and digital design tools.
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HERZeF /3 A 2 (ERD, EMERGING RESEARCH DEVICES)

BrEE

FHL 2007 FEHTHESET /34 A (ERD) DL 2005 4 ERD DT, dAES IV, NEDFIFHIMED -
T2o 2005 FEIZH AIVSIIZAN, BHRETEMEIO® 7y a1, FHEZET SAZRITNZ T, UV, 93 FEP,
BRI T3 DA 5 2, JEIRS AU T, FHRTEA B ERM) WD BIDHTLNEEIZ 72572, ERD (2B 281
BHFFEOFREIZZ O ERD OFEIZEELD THY, HIZFELLS ERM DO E TIRARHIL TN, REZMOZE ki
CMOS Z B3 AT RIZIERL , LW IGSHE FTREE T 5728, CMOS D7 T 74— LEEEFE A HEZ R
FRIEET AR RE Y TTNDIETHD,

ZDAFEMENE 2007 FEDFHEZET /A ZADEED AT —F LN AT AEESH T2 725 TV VA, This
possibility motivates an expansion in scope and content of the Emerging Research Devices chapter for 2007. ERD
BECIE, ARV —LIEREL, T70bb, aYv I T NAR )T =T 7 F v AL TRY, £F5E TH56E
ERET D2 SORI o777 —F O EE 2 TD, OEDIE, ZRHOHLWESTE CMOS D77
N7 4 — WEEHNEERET D28, 37200 [EMEEE CMOS ) TERES AL 1 ThD, HH—DIF, 1HH 15
BRI LT LA LD FERENTHT LT T o —F 2 AliE T 5L, BT AR R ES APk
ThDH, ZOT—~TIE, FREFHEL TaVAR TARAA T IT XTI F vV AT DO T W
HIRICRIIL, JLERL ., iT2, BB 28T LW EE R R, B2 engkans,

AERVD®ITa T, 7 /EEAEY) ERD BLDAASHL, PIDS FICHERES L7, TN —ADAEVIL,
Ta—RT o FTa—AAEY)  AFUAEY | BEFINRAEY, w7051 AEY (LLHIORY v —AEY) [TEX
iz Bz, FLL T BB AEY DR BTz,

CMOS Z AV MHTET D720 O | IEHRAIRT SAZREE S LTI, vy DI ar DAT—T % KT
DHOVIHNZ T, ZO'7 a3 1 IRoithEE% [FET DIER | EAHT TN TN ANDT=8 | HfffD A
DAZIRNT TN, ZOH T AN F Yo RV OB EHZ M EHZ BT 28T O A 0 &2 & T, ZAHO
BHI, V7 OBEEECHELHD , b— R~y 7O HIZADE T CMOS A7 —U> 7§ 572012, F
YR TV B BEEZ HTEHARRL CND, T VB HZ M EIOFIL, Ge, SiGe, and I1I-V J&
(EAWEE A B D, MOSFET D7-5 D757 = L VR MBI O BRI L MEBE FET O7- D 1 IICE
TAERTTD B TINAHIINZBIND, D HBIZ, T —F%T 7 F v O s aA3kF b, RS T,
Rk R OTDIZ, IMFFRBREZATHT2DIZ CMOS LSO #7T SA AZFIH T 58 LT —% 77 F
¥YE G TND, ZZTHLIIT —F 77 F V) EHA G R A T R U RSN T S A AD L —
F T D EOBREE L Tl TS, ZOFERIVRIBL CNDZEE, ZNHDT A ATAS K — A7 51 E
L EALPRL BB A IREREAFF> CMOS #EE L EEFE CE DA REL TWVD, 2D T g
I TEHR A BT DD FEA RS T D702, 7T —F% 7 7 F ¥ OIRINERB DM /2 DI, T3
AW, FI2T =X T 7 F R HIIRMERZREL TD
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i 2As) [ e
Table ITWGS Emerging Research Device Technologies Difficult Challenges

Difficult Challenges > 22 nm Summary of Issues and opportunities

Scale high-speed, dense, embeddable, volatile and non-volatile | SRAM and FLASH scaling will reach definite limits within the next
memory technologies to and beyond 22 nm several years (see PIDS chapter for 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

Difficult Challenges <22 nm

Scale CMOS to and beyond the 16 nm technology generation. [Develop new materials to replace silicon as an alternate channel 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. Candidate
materials include Ge, SiGe, ITI-V compound semiconductors, and
graphene. Develop 1D (nanowire or nanotube) structures to scale
MOSFETs and CMOS gates beyond the 16 nm technology

generation.

IDevelop means to control the variability of critical dimensions and
statistical distributions (e.g., gate length, channel thickness, S/D

doping concentrations, etc.)

Extend ultimately scaled CMOS as a platform technology into | Discover and reduce to practice new device technologies and a
new domains of application. primitive-level architecture to provide special purpose optimized

functional cores heterogeneously integrable with silicon CMOS.

Continue functional scaling of information processing Invent and develop a new information processing technology eventually
technology substantially beyond that attainable by ultimately to replace CMOS
scaled 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 in a new memory

technology.

Bridge a knowledge gap that exists between materials behaviors and

device functions.
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Brigzest B (ERM, EMERGING RESEARCH MATERIALS)

P
2007 #-0D ERM O, HiLL ITRS (TMAHNZFETHS (LLATIZIX 2005 4, 2006 40 ERD O—72 >
72) 6 2005-2006 FDOAT—7(%, ERD Z VR — DB 57225, 50 ERM TV 757 407 m bR
Trt R F, ELEL o — D OIS DT D ERM IZOWTH ATV S, ERM B TldE-, AlkE
PEDBHDISHADT=D DM BV R — T 5720 JIE fEHTCE 7 V7, ESH OF5E=—XIZ DWW THELE
FCWD, 45 ERM 23, fRO=—XIZKIL TRIBEMED®H DY) 22— a LU TR EZ R >— 5,
FEREAE L TENLIMEDNATZDITIE, 5D DERNPLETHD,

IR TEA B, BlZIET ) Fa—T FIUAY— DT ki<, E RSy 1%, ERD, V774, 71
VU R ER R B, B S — IR T 2 ar b T S R REME D B DA RS TN, B
CHRIR AT EHT, U 7T 7 (IS R0, mEMEEX X/ ¥, 7ar b R e AL COBRT RV T3
Ve F U T AR E OIS FREED B D, A A EHEFZ ERD S ICBLR S FF -5, AR L
P ERD AEVRCR Y w7 T A ADIGH FREEN G5, HOFEOE AT TR E T4 E oo~
TRREIX, AL EERORHEEZ I BT a w7 T A ZA~OFI A ATRENE R S5, ZNHOMEIOT L
UL, PIE RN, BT V7 BSH OWFe=—X% 58, INEEZRR-EO T — 7 /WS TV,

PR %72 38E (DIFFICULT CHALLENGES)

BiRF TV 22nm [A)lF ERM O REERETRES, FLOTHR 1177, ERM O NE 3 EIL,
FBEOIE, HAFEA DY 5 8% 5.2 57-8 , REREINIZ, fEIS VT 2 OREZ D DR B | Hfffiseil
LU CEHEBIL TRLIEEA), ZNOMEIOBIRALIL, BSEED ERD X0, V757 1 F ) A7 — VERRD
TERREENE, /o —T 7 E ORI EL T, BIERE 12/ R T H DO TRTF UL, T /A — DIt
(TN TR OHIEEIE A 1) S 57200 | ZORSERRRIZIE, M2 =7 ¢ N TO LRI FEH]
VEREDWBELT2 D, NS IV A RN -PHIE « AT ELANT . &7 Vo 7 B OMANII 1T, o7 —5 vk
MELOVERER 16D . ERM Hiffia B9 D72 DI B TH D, BN HIE ITELE TV 7 DY — Lt
Flo, ZNbDT~ =0 7T )= T VT N Ou AN BB LS E DT DT AREL T B Th D, %
<D ERM DREINE, BRESNTMASCE 7 40 —OHEE, IGHOT-b OO R, BrEfifilo b
PEEEBIZ, AN MEEZ R 3 S AR G RIEIZ) D> TD,

TS FETR T /A AR A FEBL T 2I2IE, ERM I3, BB EIZ T il L CHOAMHT o2 iud7e s
720, F72 ERD SOBCHR, 2 o — U HT A R R S D720 ERM ORIO )T 471V T7 77 4—L1L T, Hd
IAENTFERHEDF v T 7 F2 T A RXRLE DHIEIRE 1038 D, I TSHEN T ) A— VAT — Ui 5<IZD
. BB B IR BN T T 0 F am—al N, F =T UT VDI~ HES AT T
O LIRFA DD D LN 7251250, Ele WFTRREED T HF 8T ) A — A EHZ DWW T, 7/
MEROT MG DB, 224, fEFEA~DA LI N RN IRDUHIE 3572 | IE - ftriES B S,
T A NERES NIRRT U520,
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T8I TA4T B

Emerging Research Material Technologies Difficult Challenges

Difficult Challenges < 22 nm

Summary of Issues

Control of nanostructures and properties

Ability to pattern sub 20nm structures in resist or other manufacturing related patterning materials

(resist, imprint, self assembled materials, etc.)
Control of surfaces and interfaces
Control of CNT properties, bandgap distribution and metallic fraction
Control of stoichiometry and vacancy composition in complex metal oxides
Control and identification of nanoscale phase segregation in spin materials
Control of growth and heterointerface strain
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

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

Control of self assembly of nanostructures

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 electrical contacts of embedded molecule(s)

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

Compatibility with CMOS processing

Integration for device extensibility

Material compatibility and process temperature compatibility

Fundamental thermodynamic stability and

\fluctuations 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

43

FO6DYANMIHIT ST IR B AR, 203 CTHL R D ERM OHERAHIR4 52810705724
Vo TOI7RINE  SEATEART DI EI L, BT DT /A ARG FHBRBE DB & TO | MR b oM RE TR
Wiz nlRBIZ T DD/ D, Fdz  MEFE ke v T/ 2V —ar, BT VI T 523227

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



TIRIT4T H=l 44

AMOILFEFFZEO BHEIEL, MES->THEVIBE D LT TRWEAD, MEIOMEHRTIE, ARSI,
BN T | OO EIORSRERV R E~D R ORI 5, FHH OB FfR§ 2 1,30
WD, EZC, BIE FNTEIL, MECEHEE, BERERIRRIER D BIMRAFERN T~ 2 DI+ 72 M S B A TR
HULRB720, SHIZE ZIE, ZAUTET VONROMERZ FIREICL | BRSO EHRFED T A R0k
W LA NS 2225722 UL 5720y, ERM OF 5 /L0 A[REME D325 O BRFENNE 45 7-0 D%
AR —REENL T DR, ZYTET L ~D=— KX, ERIFIEE BRI IR OO TRy 2  E e
Do
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P74 = Vg =g N = S

P

AT =V I LMK e M RELGE D MRV ELE T AR R =7 b Trar bR T ek
ARSIV TND, ABHEIIR RN T VRS | e XU — DR B Ch DT a0 Va g bEB LN
RYSAVATARARAY LA EHIBR U 22 & Y720 | fier72 2 — U o Z IV RO A DI FEE 725 Tl
Do IBIT, /T —F VT — R T RARAD L0 T A AR T T D0 LOTFED 5% OMERE
A=V TN IMETHHEE Z DD,

MBS T S A 27— 71, Sy 7 o — R IZ A EY | FARR 72 7L —F 7 CMOS L~
oy 7 RAEYFEZE TG L BT A A TO 7 ar h RN =y N a A ST A Bk A 2E & )
FTTND, E6IZ, T —F L7 CMOS DOREIL, ZOEFELINICEZD 2555, 2D 2T, FAil2H
I3, BERBL L 132D MOSFETs °, Z DT EL T7L—F 52422 2 SOIFDSOI) T 7 S AR N
(BB SN D2 T NP — T~ T —NT SAAOE B L) 95 CMOS Hifffo HB 2 v
L CRIRETHD, WERMEILIR/2D MOSFET 7 /A AR ELERIGE A DL, FDSOI 23 2010 4, < /L
T —MT 2011 FLHERIEIND, ZNDDORE 2 7B G DA T 7L — a2 A B3 2 8kEkI L, FEP
difficult challenges" D F=E /27—~ Th oD,

L BREEAIE T — Mk D I & B AN LD m B BN E T+ 1L O AZXD, high-k 236 EE
PR BEFHNEIL QU LUK, B A —78 high-k 77— MR O 8% 2008 4EZBHAAT D EHE
HSH TS, BB e (T v RN RE I A7 DI TRE DR E e A — ) T h LT %)
F X FNVEAT =V TR, T AAAMREZ ) LU T HEB 2 DD, et EB A FFOT 27 V- A%
V=N, BIED CMOS Bl D EERERRLEFR CTHHT 27 /LR Va7 —NIEDY | 2008 FIZF 2
A= —Z X THEENIEIND LHERIS LTS,

Flo FMBIOENIL, R—E L 70 Uar OFEMHEAGIE L T AL T ZePkia it 447
D, 2= 7L AME RIS Z IO T DT OENEITINZ T, 5L O high-k #EFTHEL
72T HURZR D72 WIIHBEDOHIBRIZED . K —7 XU NEHALOBE fFIZ DU THIL VRIS B L 705 S HEHIE
N, BB G R DT FIALL T, ZRHDOMEIOE AL, 2TO CMOS 7' a e AGREFHIH KR AL 5.2
B AREMER S D,

AEVREILCIE, high-k MEHIBAE, 2% 27 O F DRAM F/ S0 2 —Diti 5 Tl SN T,
DRAM DAL 7«33 2 —TCITHTE, &J@-ifix-aBMIMEREEHSILTIEY, R F - Fyp v
22— 2010 FFETITIE MIM HEE~BAT T HEHERIS D, IRICTa—T 42 7 =TTy a A —|Z
BT, high-k SEHT, A2 —RUHMERRIEEL T 2010 F-FTIZ, b m/UEiFEE LT 2013 £ ETITHLEIZ
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Table ITWG7 Front End Processes Difficult Challenges

Difficult Challenges >22 nm

Summary of Issues

Starting Materials

1.5 mm edge exclusion
FDSOI Si and buried oxide thickness control
SOI defectivity levels

Full production of 450 mm wafer size

Surface Preparation

Critical surface particle size below 28 nm not measurable on wafer

Ability to achieve clean surfaces while controlling material loss and surface damage

Thermal/Thin
Films/Doping/Etch

Introduction of high-«x/metal gate into high performance (HP) and low operating/low standby power (LOP/LSTP) and
equivalent oxide thickness (EOT) scaling below 0.8 nm

Increasing device performance with strain engineering and applying it to FDSOI and multi-gate technologies

Scaling extension junction depths below 10 nm while achieving high dopant activation

Achieving manufacturable interfacial contact resistivities below 107 Q-cm” to meet parasitic series resistance requirements
Si thickness and control for FDSOI and Multi-gate

Gate critical dimension control for physical gate length <20 nm

Introduction of new channel materials with high interface quality and low processing thermal budget

DRAM

Improvement of oxide etching capability for high aspect ratio (>40) storage node formation in stack capacitor and for oxide
hardmask for high aspect ration trench capacitor.

Improvement of Si etching capability for high A/R (>90) trench capacitor formation.
Continued scaling of stacked and trench capacitor dielectric Teq below 0.5 nm

Continued scaling of physcial dielectric thickness (tphys) while maintaining high dielectric constant (>90) and low leakage
current of dielectric

Non-volatile Memory

Scaling of IPD Teq to <6A  for NAND and NOR
Scaling of tunnel oxide thickness to <8A for NOR
Scaling of STI fill aspect ratio to >9 starting for NAND
PCM material conformality of >90%

PCM minimum operating temperature of 125°C

PCM resistivity change and reset current density
Integration and scaling of FeRAM ferroelectric materials
Continued scaling of FeRAM cell structure

Difficult Challenges <
2 mm Summary of Issues
1.5 mm edge exclusion
. . FDSOI Si and buried oxide thickness control
Starting Materials o
SOI defectivity
Surface particles
Surface particles not measurable
Ability to achieve clean surfaces while controlling material loss and surface damage
Metrology of surfaces that may be horizontally or vertically oriented relative to the chip surface
Surface Preparation Achievement of statistically significant characterization of surfaces and interfaces that may be horizontally or vertically oriented
relative to the chip surface
Achievement and maintenance of structural, chemical, and contamination control of surfaces and interfaces that may be
horizontally or vertically oriented relative to the chip surface
Continued scaling of HP multigate device in all aspects:  EOT, junctions, mobility enhancement, new channel materials,
Thermal/Thin parasitic series resistance, contact silicidation.
Films/Doping/Etch Continued EOT scaling below 0.7 nm with appropriate metal gates
Gate CD Control
DRAM Continued scaling of capacitor structures for both stacked and trench type as well as continued scaling of dielectric thickness

Non-volatile Memory

Floating gate Flash technology considered unscalable beyond 22 nm—new Flash NVM technology will be required
Continued scaling of phase change memory technology

Continued scaling of FERAM technology
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Table ITWGS Lithography Difficult Challenges

Difficult Challenges > 32 nm*

Summary of Issues

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

Registration, CD, and defect control for masks

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

Understanding polarization effects at the mask and effects of mask topography on imaging and optimizing
mask structures to compensate for these effects

Eliminating formation of progressive defects and haze during exposure

Determining optimal mask magnification ratio for <32 nm half pitch patterning with 193 nm radiation and
developing methods, such as stitching, to compensate for the potential use of smaller exposure fields

Development of defect free 1x templates

Cost control and return on investment

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

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

Sufficient lifetime for exposure tool technologies

Resources for developing multiple technologies at the same time

ROI for small volume products

Stages, overlay systems and resist coating equipment development for wafers with 450 mm diameter

Process control

Processes to control gate CDs to < 1.3 nm 3o

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

Control of and correction for flare in exposure tool, especially for EUV lithography

Lithography friendly design and design for manufacturing (DFM)

Immersion lithography

Control of defects caused in immersion environment, including bubbles and staining

Resist chemistry compatibility with fluid or topcoat and development of topcoats

Resists with index of refraction > 1.8

Fluid with refractive index > 1.65 meeting viscosity, absorption, and fluid recycling requirements

Lens materials with refractive index >1.65 meeting absorption and birefringence requirements for lens
designs

EUV lithography

Low defect mask blanks, including defect inspection with < 30 nm sensitivity and blank repair

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

Resist with <3 nm 36 LWR, < 10 mJ/cm?2 sensitivity and <40 nm Y pitch resolution

Fabrication of optics with <0.10 nm rms figure error and < 10% intrinsic flare

Controlling optics contamination to achieve > five-year lifetime

Protection of masks from defects without pellicles

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

Auvailability 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 include on-time availability of
additional reticles and efficient scheduling of multiple exposure passes

*Lithography challenges >32nm versus the convention of the 2007 ITRS for challenges of >22nm will be reviewed in the 2008 Update.
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Table ITWGS Lithography Difficult Challenges (continued)

Difficult Challenges < 32 nm*

Summary of Issues

Mask fabrication

Defect-free masks, especially for 1x masks for imprint and EUVL mask blanks free of printable defects

Timeliness and capability of equipment infrastructure (writers, inspection, metrology, cleaning, repair), especially for

1x masks

Mask process control methods and yield enhancement

Protection of EUV masks and imprint templates from defects without pellicles

Phase shifting masks for EUV

Metrology and defect inspection

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

for 0.8 nm 3¢

Metrology for achieving < 2.8 nm 3o overlay error

Defect inspection on patterned wafers for defects < 30 nm, especially for maskless lithography

Die-to-database inspection of wafer patterns written with maskless lithography

Cost control and return on

investment

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

Development of cost-effective optical and post-optical masks

Achieving ROI for industry with sufficient lifetimes for exposure tool technologies and ROI for small volume products

Gate CD control improvements and

process control

Development of processes to control gate CD < 0.9 nm 3¢ with < 1.2 nm 3¢ line width roughness

Development of new and improved alignment and overlay control methods independent of technology option to

achieve < 2.8 nm 3¢ overlay error, especially for imprint lithography

Process control and design for low k1 optical lithography

Resist materials

Resist and antireflection coating materials composed of alternatives to PFAS compounds

Limits of chemically amplified resist sensitivity for <32 nm half pitch due to acid diffusion length

Materials with improved dimensional and LWR control

*Lithography challenges <32nm versus the convention of the 2007 ITRS for challenges of <22nm will be reviewed in the 2008 Update.
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Interconnect Difficult Challenges

Difficult Challenges > 32 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 compatible with new materials and
processes®

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 < 32 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 global wiring
scaling issues®

Traditional interconnect scaling will no longer satisfy performance
requirements. Defining and finding solutions beyond copper
and low x will require material innovation, combined with
accelerated design, packaging and unconventional interconnect.

* Top three challenges
CMP—chemical mechanical planarization
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Factory Integration Difficult Challenges (continued)
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Table ITWGI1

Assembly and Packaging Difficult Challenges

Difficult Challenges >22 nm

Summary of Issues

Impact of BEOL including Cu/low k 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 «

Wafer level CSP

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

-Solder joint reliability and cleaning processes for low stand-off
-Water 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
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Thinned die packaging
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- 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

Table ITWGI11

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 CS-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
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Small die with high pad count and/or high
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These devices may exceed the capabilities of current assembly and packaging technology requiring new

solder/UBM with:

power density -Improved current density capabilities
-Higher operating temperature
-Substrate wiring density to support >20 lines/mm
-Lower loss dielectrics—skin effect above 10 GHz
High frequency die

-“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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EFV T &I —T gy
BrEE

F9°, ITWG MITEEANELL T, FRCHEATEIR S, HRRIZREL ., D ITWG D H0HHPHERNFD
INTIDIRD T2, ZOFERIL, 2007 FEFED ITRS EFT V7 &2l —a OARLERBL OO ITWG &
DBFEZ T AR LD G 72 > TND, ZIATEIERIL, 2007 FEDOETV T &2l —Tar D
DOFAFRESLERFIHL L TROE TRIRENIZH DN, BITASLT, 10 HDOEINSRHEEITZEZ /2T,
ZDOWFFEBAFE RIS . BT DS DIZBIRS T,

2007 FEFEICBWTE, BTV &332 —al OREE R EAFREO P CIX I 2 SR EESNT, F
15U, T5-100GHz TER T 2E BT SAREEEET V7 123, [160GHZ (22D CHEH 72 & 8
FDRIEEL AT LAOTT VT W EES T, TOFHEIE, 2005/2006 4E D %SO FRIE, TR
T2 SNARE T/l o T2 TH D, — 5T, B2 SoC X0 SiP 7R E DT AT AL~ LD 3ol — g Bk
DELIR ST Th D, HIZ, 7R BRI IO DEO AT B ~ U GO LT ENMIRETIR ST 72D Th D,
ZNBBIOWNK D20 HNEIL, HEifE M CREIEHT IH DT FAM Tz,

55 2 X, 2005/2006 FEEIZ ISV TR IR EE 2 HARRE Ch o 72 [[RIEE ST A—2 5510 Tl % | BE
ICEBSN O OHLFMHE ICE T L1228 ThD, b RIC, FHRREE R E AR, T2
& MBI a e R XX DT A R~ DB D BEBLIOHESETI S,
(F N )R — VTSR ab—a FTHERE L BEON B 1 R Cib 72 1160GHz |2 = HfEIE Cff
THEEEAORIEES AT LAOETV T | ThHLHEEER LIz, ZOHIT, IEH2Z0EOLI DO FANT,
ELTOHARICINZ AV, ZOMIZ, BRI CEAINNTHIE T RELOTHHHTHD, TR
U C, I REE 2 HARREO INGL 23 TV 7T 7 43z —rav [Id, TBUV #5800V 777 4332l
—ar | EREIMREE 2 HARREO INGL VY 7 7 43R ab—ay | LI BEUT-, eI ri Ik
EUV B2 B DO THD, ZOMIZ, V7 T77 =0 DhkE-TC, I, VAT AL~V ETO 6 fHD
Ralb—Tal NI ENA TR, —#HO 7 e —IHICFEHEI DTz,

LeDMDKIAENT- ITWGs, 4712, PIDS, FEP, UV 757 4 — AL Z—a 37 MW THEAR SR 5
T LB ATREVE IR N o722, BTV 7 & V32l — a OBESRFIEO M b EH LT, #%
WEREBRDOZE, BT, ZHHEDEHSHORE Y7 2%, 2005/2006 FEFEICEEICEREN TSSO &fE—
THHN, V) —ADR RO REIRT, + 072N EITTHZEN K T o7, Z07d, 2
OO Y 7 A%, BUEDOERRIC, BOGHET DI ENKRIENEE T2,

FEP MHEREIVCODEZRIFSE B BAL T, i@ O TPl O I ETE AL DT TV 7 Oz
TEMAL LD R ET V7 OB 2 NZ T2, £ D)5 T, Ty F U 7T R Y v a AL T —IHIC
FLDTo, TARET VA ZITHKL T, ARVLSNOHHLT A AS~DERDGEINS IV, INWFEFROYY
TS5 743 3ab—3a0E, TCAD R—ADA L /3= EF N P ETET N> TS,

BT T Vo THERE R BRFE L O &3 2L | — I, REIOWEHIIA DD, Fo, KO FERAY G Eh A
WBETHY, THT v FIHFFEITEREE CIAT T DDONRANCTH D, D72, T Vo7 Hiffi Calihd
DITIE, RPN TR R & AN S U 7o M Ao 9855 ) ISR B L 70 %, FERERO72 A3 T — XIS,
D CTRHARI O BRFEREREI 3D DT80 | PESER CARSHNZ M I LS VD IREHN T SENT S | B F 7E 243 &
ALY —=IMHEZDHNE M&ES (2o THiRD TERE/RZLETH D,

PR R B RTRRRR

# ITWGIS5 CIEFHSI CODREREARREIT, 8 A — N~y 7 DR ~UIZEEL, 2>, £l
HIREES S ZEBR R EIRO ML CEASNDET V7 &I Ral—ar OEVE YO ERFRETHDH, T
(AT Nz DE, BAET X TOET V7 SEANE R UL 2> COD B R L B RGEORE TH 5, =
OFEIL, HIZA DD Tl TIETHRDET VAR TL7-DI121F, FAAE DT a3 %<
DOYFRANEAFHEAER L THY . BBIRLI-FEBRIC L Tl BES R U RS = | ABHY
[ZEELWEWDZETH D, T S AL I, BTLOIEANEASINDIZ DN T, BT /L OBRREEERIZLD
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SHIRRGED S B E A TEDH LD LS MRATHAR A, R A R72H D TH D, ZOMLEEVET,
AP —ITWG EOREWTHIELRIAE L5 & T 5,

Table [TWGIS5 Modeling and Simulation Difficult Challenges

Difficult Challenges >22 nm Summary of Issues

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

the mask and the imaging system

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

change of refractive index distribution)
Simulation of multiple exposure/patterning
Multi-generation lithography system models
Simulation of defect influences/defect printing
Optical simulation of resolution enhancement techniques including combined mask/source optimization (OPC,

Lithography simulation including EUV PSM) and including extensions for inverse lithography

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

and ultra-high NA effects (oblique illumination)

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

mechanical stability, and time-dependent effects in multiple exposure
Resist model parameter calibration methodology (including kinetic and transport parameters)
Simulation of ebeam mask making
Simulation of directed self-assembly of sub-litho patterns

Modeling lifetime effects of equipment and masks

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

Modeling of epitaxially grown layers: Shape, morphology, stress

Front-end process modeling for nanometer Modeling of stress memorization (SMT) during process sequences

structures
Characterization tools/methodologies for ultra shallow geometries/junctions, 2D low dopant level, and stress
Modeling hierarchy from atomistic to continuum for dopants and defects in bulk and at interfaces

Efficient and robust 3D meshing for moving boundaries

Front-end processing impact on reliability

Integrated modeling of equipment, materials, | Fundamental physical data (e.g., rate constants, cross sections, surface chemistry for ULK, photoresists and
feature scale processes and influences on high-k metal gate); reaction mechanisms (reaction paths and (by-)products, rates ...) , and simplified but

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

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

effects)

Deposition processes: MOCVD, PECVD, ALD, electroplating and electroless deposition modeling
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Efficient extraction of impact of equipment- and/or process induced variations on devices and circuits, using

process and device simulation

Ultimate nanoscale device simulation

capability

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

General, accurate, computationally efficient and robust quantum based simulators 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, PRAM, etc
Gate stack models for ultra-thin dielectrics
Models for device impact of statistical fluctuations in structures and dopant distribution

Efficient device simulation models for statistical fluctuations of structure and dopant variations and efficient

use of numerical device simulation to assess the impact of variations on statistics of device performance.

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

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

Physical models for stress induced device performance

Table ITWG1S5

Modeling and Simulation Difficult Challenges (continued)

Difficult Challenges > 22 nm

Summary of Issues

Thermal-mechanical-electrical modeling for

interconnections and packaging

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

these properties especially for interfaces and films under 1 micron dimension

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

electromigration, fracture, piezoelectric effects)
Models to predict adhesion on interconnect-relevant interfaces
Simulation of adhesion and fracture toughness characteristics for packaging and die interfaces

Models for electron transport in ultra fine patterned interconnects

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 and package:
- possibly consisting of different technologies,
- covering and combining different modeling and simulation levels as well as different simulation

domains

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

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

Scalable passive component models for compact circuit simulation, including interconnect, transmission lines,

RF MEMS switches, ...
Physical circuit element models for III/V devices

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

into circuit modeling, treating local and global variations consistently
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Efficient building block/circuit-level assessment using process/device/circuit simulation, including process

variations

Difficult Challenges < 22 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 air gaps and data for ultra thin material
properties. Models for new ULK materials that are also able to predict process impact on their inherent

properties

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

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

4) Accumulation of databases for semi-empirical computation.

Nano-scale modeling for Emerging Research
Devices including Emerging Research

Materials

Process modeling tools for the development of novel nanostructure devices (nanowires, carbon nanotubes
(including doping), nano-ribbons (graphene), quantum dots, molecular 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, ...)

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)
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MEE—R <y 7 HiirfEE (ORTC)
SIS

fehin—R < 7 HHEE(ORTC: Overall Roadmap Technology Characteristics) DZ I, [EFEH AT —%
T =T (ATWG) BN BT AIREI DO DIIE B L LT, n— R~y 7 VERGEREEO IR H
SND, ZNHDORIL, B— R~y P HEFHEEL TS o> TRER B O RS 2L | HhY —F% 77
N—T(TWO) R TOHEEELHLTELL CHEHSND, REUGTTHIEETIEL, %Kc‘:iﬁé@ﬁ%Tﬂ/’i’ﬁ'ﬁ
FLTHIEMEDRIEZIFHTZ0IZ, ITWG 4% TWG [ THA 2L~ L TOFE B LU= o2 (B
TEREAT729, ZOFER, ORTC RITEEID KIE LB A OMMFEAFRDT LT85,

ORTC FIIIA—NMUERLOBENFLHEHSIL, m— R~y 72 Z Bl TRV —F 77— DEIZIEE

HIZFELSFEHRS AL CD, AHICRIRS DB HIT, BUEDO BRSO Qs A TR T 52 &%
HIJEL TD, ZOMFHRIZ 2006 FCBHAGL T2 G T E EHTTEEDE R E/R> TS, 7edsf8kD ORTC H
REEEDN 2007 HERR CTHELSGTSN TS,

2007 FBETOHE
E &

Tl ARIZE B v Ny T RRO AR R ORI FEEMEUE N BRI S TND, FrEDITHEH
IZOWTHRHZHRELRWIRY | 77 4V RDFEA~yZ —TiE, (LRTORr—R <y 7 LEUL) & A MrH0
[ A P | 2o - B T 823, 1| = N A < IC RN 742 7RLTD, BIZ 3 7 A LINIC 2
%H @%\?‘iﬁiﬁ%ﬁﬁ%ﬁ“élkﬁ% ETH5 (X 2 2D L), ASIC[ Application Specific IC : FFE H &M
(TR ] TIX T 720, THTRELI-ZH ORI RS E O REEZHON LR
AN

ITRS DT BT 47 <V —DFEN TIRAREINTWDN, HEHDIRL TEHE, KD/ —F ok
XA T DRIV ARERITIL, BIEHEIRELNSH D, 2D /—R 1% ITRS DEFRE BIEIZAEL TWDHE
DOHHY, LTS O35,

2003 4ERR ITRS ZAERKL TWBREZIE, < Duyy 7 8IS0 To72, 2003 ARICBLES 72 190nm | F7
Wil /=R EE R L TCND TV ARRETUET DRI TONT=, EEEOT SAADA L2 IO AR L1
(M1) ~—7E»F1F 110-120nm ER~_57TEY, ITRS DRAM T B 27 Mg M1 N—T 'y F D~ &
— BEEEOBRICBEL TRELDFD B3> Tz, 5‘6@@;@& FLESEFELIZ . A TR TNODHLDODH
HHDIX EEIZBIL O N—T7E YT L (AE—RMEREICRBEL O Bt — RO E £ U TR L 7= Hift
=R 0 —R<y 7 mil X TCNBIEN G- T, ORI OBEEEDS 2 512725 (FIEL T, w7 —
NECCATY B MED 2 5127325) A7 H iR X, Hiffi oz D07 7 a—F 131/ —R D
FREBHE 2L DIZ LTz, EEIDIL, BEOUGEITRR G OUELYY OV =Y I G HEM /N TSI E T
H5,

F72DIRELDY, Flash AEVRLLOFEFR THAN /—F N E LESNTZFHIZIEZ ~7=, Flash 471 2005 4
& 2007 AR ITRS CHEFASIL Tl 5 TWD, il z 01X, Flash ORGBEE T X MNaLRY Yz
R B N— T B F TR E-TEY . AZL 1 (M) ~—7E>F (DRAM. MPU. ASIC 55 TR FE 270
TWDFELIR D/ F =) 2L THRES TR, F72, FEFITHRERAY: Flash A€V 2L DA ZIT 777

—( ﬁ%?%%@:k) SN, REUZaANEHIKL . B0l D D ARSI AEY (NVM) O FE 544
72972812, Flash B/LVEXEHE 12> T T TS,

AL

EHEr—R~y 7 Z 84 (IRC) 1Z. 2007 4B ITRS TiX ITRS & % DD /A3 RO DOIRELE Fe /)
[RIZ T DEED ITEIL, BEA R EHEB O R T A R—%2 LT, 37245 DRAM, MPU/ASIC, Flash T3/
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HZETHDHERWILT-, BN ~7=5912, MPU/ASIC & DRAM 0 —TEF 134 CiiE &b M1 T 5
U H NGO TE RSN TEY, )5, Flash RERMEATY (NVM) BT 2V MALRY O @ ET A
(X1 ZH) TE LI TN, il 2 D TWG £iTFx DR THEIMOMAIRT AN —ZEbAE T H v —F
ATHBEHHAL TN,

Bl & OB E A 2B D &2 BT 28R 9 5720, RO ET DO~ X — 52 R IVEY EoTr-
SRS N AR DA FEEED I T D, 2007 AR ITRS T, fH & DL 21— (DRAM, Flash, ASIC)
(ZAHREL 7=, SR BERE (h7o v ax —% By M, ayv s 77— M) SRS (A —R | &) PERED
BRISAIVCUNVD, ITRS L LA L7V Ml 2 DOt E, WER S LT 2L OB 7 A T B Z 7
MUE7B720, ZOHEBITXEICHE L=/ B F 7<) - HEEE THRES D,

il 2 DRI LS | SHE L TODDY, SO N —7 1L HFA Tld, DRAM D s AY#
I[ZITRS ® MPU OFEIZITE SN THRTNWDIITHD, LU 5, 2007 - DRAM M1 ~N—7EvF D H
FE1X 2007 4 ORTC R TIFEEIFLTLU V2V, DRAM & M1 HEEDEH[AE 2007 45 I ZFRA L 2008 F-D
UGT TSSO, BB OFAAERE FITFELL 2007 FFhR PIDS D FE THIRRGIVTND, DD /NS
JEIE 2007 F2& 2008 AR TV LIV, F72 2007 4= ITRS @ 2008 4 HAZIL, FEEEOEEIMTIZ
ELVENTHEEA TODDBLAVR, 2009 0 DAEIZEAL Tk, REZRFRER BRI T & B MR T 2
B RO T XA 13T ORERE R — L T\,

5T Flash AEVEINOFANZLDE, VY 7T 7 4 DG EE DRI 5 ebm 57 B TlE 4 =0, Flash A £V
SO SHEEBI TR TAT L TWAINNZEbND, FlzIE, FICEELLAMINL GRAR72191Z, Flash A BV D=
B INIELURY « N—T7E T 1L 2008 FEETIZIE. DRAM OF Bar 27 g0 M1 ~—7 T 10 2 4E2e 12k
Lo PRSIV CND, Flash AEVDaL I MELRY < N—T T 1285 2 F£DSE(TIE, DRAM OT a4
TREY M1 N—TEwF & 1 FEHATLTNEZE (VY - 7ot ADEEL E)5) LT HEE 2 BV TD, 20D
INTHATHHETe Z & T, Flash AEVHANDIHEY V2 RTAT T HZ L2705, [HEFEDFE | DX AT TEFRIT
B9~ HRELES 0y DFE A S RS LTV,

2007 4ERR ITRS FOHAMFEE] B AZITAS0 2007 405 15 4E[E D 2022 FFTO ITRS B—RK~ v 7 fRAT
SERITAFRICREIR SN TS, LInL7Ze3n, LARTIZHENL L 72 IRC DA ARTAAHES T, 2007 4ERR ITRS 11,
BRI A 7 V2 A 2T B AR B W CEE RSN ER SN T D ERLEL Th o, kS
1%, B m A 7 A A DOMEANT 1 H A2V THI 0.71 1505/ (2 YA 27V TIERMEZ 0.50 %) 22K T 5
L CHIEREE ERIN TND, K5, 6 MO L,

2007 #R ITRS D ORTC % 1a, 1b CTHATH A7V« XA 7 BEYE TR > TNDZEITERE L THRLL Y,
FlZ X, DRAM OT a2 7 F0 M1 /~—7E T 1% (FZEED 2000 4 180nm 2>50 2004 40D 90nm D5
BED 2 AEH A7 AT TUNE%) 34T 0.71 15 (6 H-T 0.5 fi5) DXAI T AV HANTTRES N
THY, ZHUIFE A7 F5EZO 2004 4F 90nm 7> 2022 4 11nm BARIZESTND, 3HFEF ATV -HAIL T D
FEFEORE/ NRITAF 0.8909 {5 CZAuU, FRIOFmEOME R B AR (121X, 2009 4F 50nm, 2020 4F- 14nm) & #H4
T BRIV DIL TS,

AFTELHEERDT —42 ITWG X° IRC DAL T Y NeBBIZ AN t%, 2 HINaLARYT Y s n—
TEF DEFIESE, HL Flash LT ZA 7 =T WL Cav v 25355 407=, Flash A
FYDaL 2T MELRY </ ~—TE T3 2000 4 180nm 7> 2008 4F 45nm £ T, 2 VA7)V HAIL TS
Thbe ZOIZELYY D ITWG 12XV, Flash AEYDZ Z7MELRY < ~N—7 " F I 3FAEAYITIL DRAM
DT BarZI7ME0 M1 N—7E T X0, FIC7 B AT E A B2 2K T D72 DI VD =EL T,
2RI CEDZEDERI T, LLZRDYD, 2008 4= 45nm LA Flash ATV DI A7 NMELARY </ N—T ¢
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VTN 3 LAY A7 TTRD | IEMEIZ DRAM OE[AC 2 4561 TL ., 2022 4F 9nm ECTHEIZHIK Th
96

BISHRATZE5IC MPU (EmttkaE ASIC) DRI A 7/L - 2 A7 2005 R ITRS TAAEL .,
DRAM LRICTRa 27 M0 M1 =Ty FITIAINT o7, AT =2 D53 e ITWG & IRC
DAL EPAIZEYD, MPU M1 /~—T B FI3E R 2000 4 180nm D ET —F D555 2010 4F 45nm
FTLSFEY ATV ZAIT (5HTO0.565) 1278572, 2010 F-45nm D T, MPU M1 HAZ({Z DRAM M1
AN BAI 7 BEEIZIBODE, FICIZZR 5T @ LA P A27LT) 2022 FOR—Rvy 7 OOV E
THK TH A,

MPU (& &ERE ASIC) DI &7 — & (phGL) H AT 2003 4 ITRS EZ85>- T 720, 2003 4
JRITRS TIEAAI 1L 2 A2/ (4 45T 0.5 fi5, £F 0.8409 £5) T 1999 4775 2005 45T 32nm &720, &
AT 3 XA T A7 (6 4T 0.5 fi%, 4F 0.8909 i) Tr—R~ 7 Dif% 2022 45T 4.5nm (T
725, V& FEP O ITWG 1 Xy FZDEAEIIEL T — N LT — MR B O IZBL THLOWAE
(1.6818 X LREly — N/ NR) 1T L T2,

IRTEEE /1 LOP ASIC O~ —ME BEE . PIDs® ITWG THENZE41, MPU (& &ERE ASIC) DA —h
E LBy — e BEOD 2 FERIUCRES LTS,

MOS Transistor Scaling
(1974 to present)

S=0.7

[0.5x per 2 Technology Cycles]

Figure 5 MOS Transistor Scaling—1974 to present

(1) NTRS (National Technology Roadmap for Semiconductors : K[E N -8 A H ffiim—R <+ ~7)
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1994 NTRS -

Scaling Calculator + g \Gan
CYCIC Time: % Actual -
S| 7xi2yrs
|' 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 yrs) = -10.9%

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

(DRAM M1 Example)

Figure 6 Scaling Calculator

O —R=w 7 DOEALTA

2007 FERT—R~ v 71, 2007 FEA& FEMEEL L C 2022 EFTO 15 MO FHllZF L TV D, DRAM S5,
DIFRD TG ORESDAAILTHAN, T a2 0 M1 ~N—T Tt D e akake L
TRFELTEY, 2004 4F 90nm % 3 A7/ (3 AR/ RZ—2~HED 0.71 ) IRDZEN TSN TS
ZE1E 2003 FERREZE DS TR, PIDS TWG (2L A5G O IZL DL, 90nm DRAM /~— 7T i 1%
2004 {2, 2003 AR ITRS T DRAM $ 500 Tt | 7 26D B/ A BLIE B S22 T AT LD BB IR
ENFESERGESTD FIF A hE-TD,

2001 FERRITRS T, 130nm DRAM HLEL M1 ~N—7E T 1% 1 FERTEIL S (1999 4EAR ITRS @ 2002 4F
5 2001 AE~) | 350nm/1995 AE LUK D JBE S HER T D 2 AEFLAT A 27 /L ke L T vD (1997 4F 250nm,
1999 4 180nm) HIZfEod7z, 2003 400 DRAM BLEZEF GO | gL\ VBEE R R EICEE SSEHETD
BT =B EBROBERELD BT EREIER O X5 TH 72 :3500m/1995, 250nm/1998, 180nm/2000,
130nm/2002, ZOFTLNT —HE 2 DV ATV ZAI T H7m L TODAY, TED 2001 HRFITRSED 1 A2
FLTUD, PIDs A N—AERBLT- T L D8, 2004 4EIZBPESLD T AT/ 7= 32500 DRAM OF —#
75 2002 4 130nm, 2004 4F 90nm @ 2 A A VIV FAEL Tz, ZOFT LRI 2 HEA 27V OfE 1735
ATREMEL o723, 4 H O DRAM GO RLEF DAL, PIDs ORHTFHENHERLIZLIIZ,
DRAM T 52270 M1 /~—7E T IZEAL, 2007 75 2022 FEOm—R~» 7 HIFIZELIX 7 1IR3 X
N, 3EEXAIL T AT (071 588D 2 T EL CD, FRL7=IS1Z, #iHidD PIDs A 7X—0 DRAM #
I I AU, DRAM oA #E 1T S T MPU @O M1 N—T7E YT D 2.5 FEHA 7SS L
U720, 2008 4F ITRS DRUETOT-0I1E, ZOFEITLB | S Ml 52 L 28D D,
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Rl ~_7=3o0, HAlTA 270 (0.71 5D/ 32— ~HEDEI) Ok A EF T 5 T, DRAM i N—
TETF D, PERELEO Sein A b BSETHEREE L CHITCHE AT 22 813 k722, SEEE, Flash =
VEINMELRYI T e N—TEF 25— 78 DRAM M1 2T 2 FESATL . A0 st ilyE o
RTA R —=LH7p>TD, FIERIZ, LTV = MPU <2 ASIC M1 T B 27 FVES R N—TE YT 1T 2.5
FEDOIN RN A7)« _R—=ZTHHRL TRY, HEDEZA 2010 4 45nm T DRAM /N—T7E v F|TIEV DX
[FU =272 BT L HIFES AL TV NVD, 2005 4ERR ITRS OB A+ L CHEEA Y TAZE T, AT,
Bt RSN D, D RLEE OIS, IR Z R L, el i i B T EZEDRFZE0%E:
E M T TA Y ERTAT TG LIV, X 75,

DL ENE

DRAM /N\—7E T+ 7 —HD 2000 4 180nm ZAHF O FHEAL s E L CD72D, 2007 FERR ITRS (213, £
WA 27 g 7 BAZIZ DWW B EO T H A FROFTIENE F 0D, FEEEOEEHI7E 7 (ORTC
EEBNTT— I T N —TROET NHETHOLIL TS, ) T, 2 HF A2V 50%4E/ L. U
BT ATAD DI/ —FEUEIE. 1995 4E0 350nm 7O ED . LL FDOECD I 2> TWD,

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

YEAR OF

PRODUCTION

Calculated

1995 | 1998 | 2000 | 2002 | 2003 | 2004 | 2006 | 2007 | 2009 | 2010 | 2012 | 2013 | 2015 | 2016 | 2018 | 2019 | 2022

Trend Numbers 360 | 255 | 180 | 127.3 | 101 90 | 714 | 636 | 505 | 45 | 357 | 318 | 253 | 225 | 179 | 159 | 113

(nm)

ITRS Rounded
350 | 250 | 180 130 100 90 70 65 50 45 36 32 25 22 18 16 11
Numbers (nm)

N REEZED T 8 (77 100nm) O M/ —RIZABE, BrLW T OFTIEAIER I E
U HZ LITEBE L THEZD, WO DO53 8 Tl 150 ITRS EOFEE ML LT, 100nm/2003 7 Hh5k
FDLLRTOBAT A B | & DHER 2 FF > CVD, ZAUCED, HATO 2003 £ —R~ v 7 OELT
(70nm/2006; 50nm/2009; 35nm/2012; 25nm/2015) Z0% 1 FEF WK RIS AV A= ISED D817 5, 1
RCOFEFHEL T, RYIOFHEITITH G OEMEOMAEDOENAFTESD, D 2001 FRRITRSD K
H DR (2010/45nm; 2013/32nm; 2016/22nm) 235% 4L, H LV (2012/36nm; 2015/25nm; 2018/18nm;
2021/13nm) 2SINZHFLTND,

ORTC~DHKE

MPU/ASIC M1 /~—7twF % DRAM E[RU T B2/ Mgn—T8y FLE &S ER T HIEITIEL,
2005 4F ITRS £Z2530- T W, Flash B D N—T T 138 [ Efex v Z 7R LRYS Ty < n—T
FLEFRSA, ITIBIISHUIZ 2005 4 ITRS 2ETSAU T, 2008 4 45nm £ T 2 A7 V& T, 3 A7
IZAD, 2022 4EI1272 5, HEEISILTZ MPU &7 — R ROV T, 2001 4ERR ITRS OFREMKIEE S 2 D8RG5
KRERETIEAM TN, BT, TR 2R - T P AZ DRI L — N HEERSBITHE N T A sy
—hEX, BUEREMGRD TOIL TS, B —MNEOM/ERIE 2003 A& 2005 FARITRS TIEZL <
2022 FOr—R~<y 7 ORI ET DRAM N—7E > F O Tl —E L T, 3 A7V TAT—U 7 MR
e LTRSS, X 7 2,

FRD) =22y T E WG D120 Ay a— VAL TER LTI R bR W AEEDO 'y hEL T,
ORTC DHANEMEIL, H-EARRIEA SIS IV BB ME S TS, 2O, L WBEFHIERSEIC B
TWDHHEIRPERETIE, ORTC OHEAHLMEDKHN, J7abbu—R~y 7 ZOLOR KRNI
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DD, Fex B THOBEDOUGTIEETIL. Hilr o F I T2 B E LB a2 EEEa o P 2D
WTITHZ LT FHERPEEIZIIT A ITRS O AMEEHEEF T A2 L2 I L TUVA,

72213 SO T —ZPNDIF LT EBED T —ZR0F DSk | 2 OB OHHE R O
G 2 4 ) —R VA7 VARG D ATREME L L1127, 2008 FEITRS DL ET1ERE CHAHMET 5, $Flc, novrd
Flash LD N—T T ONEE | BT O T8k E LD L L CEAR T2,

IR ARTZINT KR 2 T2 AN B SR, kD a—R -~y 7 DL 7 M5 L CHRT 572D, 2007 4F

~2015 FFETO W] | EFHEN AR O BFEOHMTE R ZFEER L, 2015 035 2022 FFETO R | EFEE
NOHAMDBEEDOFEATEREZIE LT HIENFESI TN,

2007 ITRS Product Technology Trends -
Half-Pitch, Gate-Length
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Figure 7 2007 ITRS—Half Pitch and Gate Length Trends
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R BLOF v~ HEET IV
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Fix, BAROKERT 7 SHERR R TR AT v 7 ~HEEZ R U TR 5720 T, Y DRAM
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Table 1a Product Generations and Chip Size Model Technology Trend Targets—Near-term Years

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Printed Gate Length (nm) 42 38 34 30 27 24 21 19 17
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 1 10

ASIC/Low Operating Power Printed Gate Length (nm)
i

ASIC/Low Operating Power Physical Gate Length (nm) 32 28 25 23 20 18 16 14 13

54 48 42 38 34 30 27 24 21

Flash % Pitch (nm) (un-contacted Poly)® 54 45 40 36 32 28 25 22 20

Table 1b Product Generations and Chip Size Model Technology Trend Targets—Long-term Years

Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 13 11
MPUJASIC Metal 1 (M1) % Pitch (nm) 22 20 18 16 14 13 11
MPU Printed Gate Length (nm) ## 15 13 12 1 9 8.4 75
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 45

ASIC/Low Operating Power Printed Gate Length (nm) 1 | 19 17 15 13 12 1 9

ASIC/Low Operating Power Physical Gate Length (nm) 1 10 9 8 7 6.3 5.6

Flash % Pitch (nm) (un-contacted Poly)(® 18 16 14 13 1 10 9

Notes for Tables 1a and 1b:

71 MPU and ASIC gate-length (in resist) targets refer to the most aggressive requirements, as printed in photoresist (which was by definition also “as etched in
polysilicon,” in the 1999 ITRS).

However, during the 2000/2001 ITRS development, trends were identified, in which the MPU and ASIC “physical” gate lengths may be reduced from the
“as-printed” dimension. These physical gate-length targets are driven by the need for maximum speed performance in logic microprocessor (MPU) products,
and are included in the Front End Processes (FEP), Process Integration, Devices, and Structures (PIDs), and Design chapter tables as needs that drive device
design and process technology requirements.

Refer to the Glossary for definitions of Introduction, Production, InTERgeneration, and InTRAgeneration terms.

MPU Physical Gate Length targets are unchanged from the 2003 ITRS through the 2006 ITRS Update, but also included are the complete set of annualized
Long-term targets through 2022. The printed gate length has been adjusted to reflect the agreement between the FEP and Lithography TWGs to use a standard
factor, 1.6818, to model the relationship between the final physical gate length and the printed gate length, after additional processing is applied to that isolated
feature.

MPU/ASIC M1 stagger-contact targets was accelerated to 90 nm in 2005 to reflect actual industry performance per the Interconnect ITWG recommendation,
and a new consensus model technology cycle timing of 2.5 years (to 0.71x reduction) was applied through 2010, when the trend targets become equal to the
DRAM stagger-contact M1 through 2022.

Numbers in the header are rounded from the actual trend numbers used for calculation of models in ITRS ORTC and ITWG tables (see discussion in the

Executive Summary on rounding practices).
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Table 1c DRAM and Flash Production Product Generations and Chip Size Model—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPUASIC Metal 1 (M1) % Pitch 68 59 52 45 0 2 22 28 25
(nm)

MPU Physical Gate Length (nm) 25 22 20 18 16 14 13 11 10
DRAM Product Table

Cell area factor [a] 6 6 6 6 6 6 6 6 6
Cell area [Ca = at?] (um?) 0.024 0.019 0.015 0.012 | 00096 | 0.0077 | 0.0061 | 00048 | 0.0038
Cell array area at production (% of | g5 000, | 5608% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08% | 56.08%
chip size) §

Generation at production § 2G 2G 2G 4G 4G 4G 8G 8G 8G
Functions per chip (Gbits) 2.15 2.15 2.15 4.29 4.29 4.29 8.59 8.59 8.59
Chip size at production (mm?)§ 93 74 59 93 74 59 93 74 59
Gbits/em?2 at production § 2.31 2.91 3.66 4.62 5.82 7.33 9.23 11.63 14.65
Flash Product Table

Flash 7 Pitch (am) (un-contacted | o3¢ 450 401 35.7 318 28.3 253 225 20.0
Poly)®

Cell area factor [a] 4 4 4 4 4 4 4 4 4
Cell area [Ca = af?] (um?) 0.0115 | 00081 | 0.0064 | 0.0051 | 00041 | 00032 | 0.0026 | 0.0020 | 0.0016
Cell array area at production (% of | ggaco, | 683505 | 6835% | 68.35% | 68.35% | 68.35% | 68.35% | 68.35% | 68.35%
chip size) §

Generation at production § SLC 8G 8G 8G 16G 16G 16G 32G 32G 32G
Generation at production § MLC [2 | 165 16G 16G 326G 326G 326G 64G 64G 64G
bitsicell]

Generation at production § MLC [4 | g9 32G 326 64G 64G 64G 1286 | 128G | 128G
bits/cell]

Functions per chip (Gbits) SLC 8.59 8.59 8.59 17.18 17.18 17.18 34.36 34.36 34.36
Functions per chip (Gbits) MLC 2| 1714 17.18 17.18 34.36 34.36 34.36 68.72 68.72 68.72
bits/cell]

i‘;:/‘(’g;fs per chip (Gbits) MLC [1| 5735 | 3435 | 3436 | 6872 | 6872 | 6872 | 137.44 | 137.44 | 137.44

Chip size at production (mm?)§ SLC 143.96 101.80 80.80 128.26 101.80 80.80 128.26 101.80 80.80

Chip size at production (mm2)§ MLC

12 bits/eell & 4 bitsieell] 143.96 101.80 80.80 128.26 101.80 80.80 128.26 101.80 80.80

5.97E+ 8.44E+ 1.06E+ 1.34E+ 1.69E+ 2.13E+ 2.68E+ 3.38E+ 4.25E+

Bits/em? at production § SLC 09 09 10 10 10 10 10 10 10
Bitsem2 at production § MLC [2 | 119E+ | 169E+ | 2.13E+ | 2.68E+ | 3.38E+ | 4.25E+ | 5.36E+ | 6.75E+ | 8.51E+
bitsseell] 10 10 10 10 10 10 10 10 10
Functions per chip (Gbits) MLC [4 | 2.39E+ | 3.38E+ | 4.25E+ | 5.36E+ | 6.75E+ | 851E+ | 1.07E+1 | 1.35E+1 | 1.70E+1
bits/cell] 10 10 10 10 10 10 1 1 1
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Table 1d DRAM and Flash Production Product Generations and Chip Size Model—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 45
DRAM Product Table
Cell area factor [a] 6 6 6 6 6 6 6
Cell area [Ca = af2] (um?) 0.0030 0.0024 0.0019 0.0015 0.0012 0.00096 0.00076
Cell array area at production (% of chip size) § | 56.08% 56.08% 56.08% 56.08% 56.08% 56.08% 56.08%
Generation at production § 16G 16G 16G 32G 32G 32G 64G
Functions per chip (Gbits) 17.18 17.18 17.18 34.36 34.36 34.36 68.72
Chip size at production (mm?)§ 93 74 59 93 74 59 93
Gbits/ecm?2 at production § 18.46 23.26 29.31 36.93 46.52 58.61 73.85
Flash Product Table
Flash % Pitch (nm) (un-contacted Poly)(®) 179 159 14.2 126 11.3 10.0 8.9
Cell area factor [a] 4 4 4 4 4 4 4
Cell area [Ca = af] (un?) 0.0013 0.0010 0.00080 0.00064 0.00051 0.00040 0.00032
Cell array area at production (% of chip size) § | 68.35% 68.35% 68.35% 68.35% 68.35% 68.35% 68.35%
Generation at production § SLC 64G 64G 64G 128G 128G 128G 256G
Generation at production § MLC [2 bits/cell] 128G 128G 128G 256G 256G 256G 512G
Generation at production § MLC [4 bits/cell] 256G 256G 256G 512G 512G 512G 1024G
Functions per chip (Gbits) SLC 68.72 68.72 68.72 137.44 137.44 137.44 274.88
Functions per chip (Gbits) MLC [2 bits/cell] 137.44 137.44 137.44 274.88 274.88 274.88 549.76
Functions per chip (Gbits) MLC [4 bits/cell] 274.88 274.88 274.88 549.76 549.76 549.76 1099.51
Chip size at production (mm?)§ SLC 128.26 101.80 80.80 128.26 101.80 80.80 128.26
g@ﬁ:jﬁ;ﬁgfgﬁ‘;ﬁ;‘z} (mm2)§ MLC 128.26 101.80 80.80 128.26 101.80 80.80 128.26
Bits/em? at production § SLC 5.36E+10 | 6.75E+10 | 8.51E+10 | 1.07E+11 | 1.35E+11 | 1.70E+11 | 2.14E+11
Bits/fem2 at production § MLC [2 bits/cell] 1.07E+11 | 1.35E+11 | 1.70E+11 | 2.14E+11 | 2.70E+11 | 3.40E+11 | 4.29E+11
Functions per chip (Gbits) MLC [4 bits/cell] 2.14E+11 | 2.70E+11 | 3.40E+11 | 4.29E+11 | 5.40E+11 | 6.80E+11 | 8.57E+11

Notes for Tables 1c and 1d:

§ DRAM Model—cell area factor (design/process improvement) targets are as follows:

1999-2006/8 %: 2006-2022/6%. Due to the elimination of the “7.5,” “7,”and the “5” DRAM Cell design improvement Factors [a] in the latest 2005 ITRS

DRAM consensus model, the addition of “Moore’s Law” bits/chip slows from 2 x every 2.5-3 years to 2 X every three years.

DRAM product generations were increased by 4x bits/chip every four years with interim 2x bits/chip generation. However, in the last model 2005 ITRS

timeframe refer to Figures 8 and 9 for bit size and bits/chip trends:

1. at the Introduction phase, after the 16 Gbit generation, the introduction rate is 4x/six years (2 x/three years), and

2. at the Production phase, after the 4 Gbit generation, the introduction rate is 4x/six years (2 x/three years).
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As a result of the latest DRAM consensus model changes for the 2007 ITRS, the InTER-generation chip size growth rate model target for Production-phase
DRAM product are delayed an additional year and now remains “flat” at less than 93 mmz, about one third smaller than the MPU model. However, with the
pull-in of the 6f “cell area factor” , the flat-chip-size model target still requires the bits/chip “Moore’s Law” model for DRAM products to increase the time for
doubling bits per chip to an average of 2x per 3 years (see ORTC Table Ic, 1d).

In addition to the revisions noted above, the cell array efficiency (CAE — the Array % of total chip area) was change to 56.1% after 2006. Only the storage cell
array area benefits from the 6% “cell area factor” improvement, not the periphery, however, the CAE pull-in enables the production-phase product chip size to
meet the target flat-chip-size model. It can be observed in the Table 1c and d model data that the InTRA-generation chip size shrink model is still 0.5x every
technology cycle (to 0.71 % reduction) in-between cell area factor reductions.

Refer to the Glossary for definitions of Introduction, Production, InTERgeneration, and InTRAgeneration terms.

The Flash product model was also revised to extend the 2-year-cycle half-pitch to 2008, also targets an affordable (<145 mm’) chip size and includes a doubling
of functions (bits) per chip every technology cycle (three years after 2008) on an Inter-generation. Flash cells have reached a limit of the 4-design factor, so the
reduction of the Flash single-level cell (SLC) size is paced by the uncontacted polysilicon (three-year cycle). However, the Flash technology has the ability to
store and electrically access two bits in the same cell area, creating a multi-level-cell (MLC) “virtual” per-bit size that is one-half the size of an SLC product cell

size; and the latest revision of the Flash model also includes the introduction of 4 bits/cell beginning 2010 (refer to Figures 8 and 9).

2007 ITRS Product Function Size Trends -
Cell Size, Logic Gate(4t) Size

1.E+01
i —« DRAM Cell Size (u2)
1.E+00 4§
! A Flash Cell Size (u2)
SLC
R
g
@ 1E01 —%— Flash Eqv.bit Size(u2)
g~ 2bit MLC
O«
25
S X Flash Eqv.bit Size(u2)
§' 1.E-02 4bit MLC - New
—B— MPU Gate Size
% (4t)(u2)
1.E-03 | X %
XX % —£— MPU SRAM Cell Size
XX 5 (6t)(u2)
X
1.E-04 T T T X
2000 2005 2010 2015 2020 2025
“ Year of Production o
—~

2007 - 2022 ITRS Range

Figure 8 2007 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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Figure 9 2007 ITRS Product Technology Trends:
Product Functions/Chip and Industry Average “Moore’s Law” Trends
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Table 1e DRAM Introduction Product Generations and Chip Size Model—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) @ 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Cell area factor [a] 6 6 6 6 6 6 6 6 6
Cell area [Ca = af] (um?) 0024 | 0019 | 0015 | 0012 | 0.0096 | 0.0077 | 0.0061 | 0.0048 | 0.0038
SC;Z]) z,”ay area at introduction (% of chip | 25 5ou. | 73769 | 73.97% | 74.16% | 74.30% | 74.47% | 74.61% | 74.70% | 74.83%
Generation at introduction § 16G 16G 16G 32G 32G 32G 64G 64G 64G
Functions per chip (Gbits) 1718 | 1718 | 3436 | 3436 | 3436 | 6872 | 6872 | 6872 | 6872
Chip size at introduction (mm?2) § 568 449 711 563 446 706 560 444 351
Gbits/en?? at introduction § 3.03 3.82 4.83 6.10 7.70 9.73 1228 | 1549 | 1955

Table If DRAM Introduction Product Generations and Chip Size Model—Long-term Years

Year of Production 2016 2017 | 2018 2019 2020 2021 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 13 11
MPUJASIC Metal 1 (M1) % Pitch (nm) (© 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 45
Cell area factor [a] 6 6 6 6 6 6 6
Cell area [Ca = af] (um?) 0.0030 | 0.0024 | 0.0019 | 0.0015 | 0.0012 | 0.00096 | 0.00076

Cell array area at introduction (% of chip size) § | 74.93% | 75.00% | 75.09% | 75.18% | 75.27% | 75.36% | 75.45%

Generation at introduction § 128G 128G 128G 256G 256G 256G 512G
Functions per chip (Gbits) 13744 | 137.44 | 137.44 | 274.88 | 274.88 274.88 549.76
Chip size at introduction (mnm?) § 557 442 350 555 440 349 553

Gbits/em? at introduction § 24.67 31.11 39.24 49.50 62.44 78.77 99.36

Notes for Tables le and If:

$§ DRAM Model—cell area factor (design/process improvement) targets are as follows:

1999-2006/8 x: 2006-2022/6 x. Due to the elimination of the “7.5,” 7, and the “5” DRAM Cell design improvement Factors [a] in the latest 2005 ITRS
DRAM consensus model, the addition of “Moore’s Law” bits/chip slows from 2x every 2.5-3 years to 2% every three years.

DRAM product generations were increased by 4x bits/chip every four years with interim 2x bits/chip generation. However, in the last model 2005 ITRS

timeframe refer to Figures 8 and 9 for bit size and bits/chip trends:

1. at the Introduction phase, afier the 16 Gbit generation, the introduction rate is 4x/six years (2 x/three years); and

2. at the Production phase, after the 4 Gbit generation, the introduction rate is 4x/six years (2x/three years).

As a result of the latest DRAM consensus model changes for the 2007 ITRS, the InTER-generation chip size growth rate model target for Production-phase

‘

DRAM product are delayed an additional year and now remains “flat” at less than 93 mmz, about one third smaller than the MPU model. However, with the
pull-in of the 6f “cell area factor” , the flat-chip-size model target still requires the bits/chip “Moore’s Law” model for DRAM products to increase the time for

doubling bits per chip to an average of 2x per 3 years (see ORTC Table Ic, 1d).
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In addition to the revisions noted above, the cell array efficiency (CAE — the Array % of total chip area) was change to 56.1% after 2006. Only the storage cell
array area benefits from the 6% “cell area factor” improvement, not the periphery, however, the CAE pull-in enables the production-phase product chip size to
meet the target flat-chip-size model. It can be observed in the Table 1c and d model data that the InTRA-generation chip size shrink model is still 0.5 x every

technology cycle (to 0.71 % reduction) in-between cell area factor reductions.

Refer to the Glossary for definitions of Introduction, Production, InTERgeneration, and InTRAgeneration terms.
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Table 1g MPU (High-volume Microprocessor) Cost-Performance Product Generations and
Chip Size Model—Near-term Years

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) @ 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
SRAM Cell (6-transistor) Area factor ++ 975 | 100.7 | 104.1 | 107.8 | 106.7 | 105.7 | 104.8 | 104.1 | 103.4
Logic Gate (4-transistor) Area factor ++ 279 | 292 | 306 | 320 | 320 | 320 | 320 | 320 | 320
SRAM Cell (6-transistor) Area efficiency ++ 063 | 063 | 063 | 0.63 | 063 | 063 | 063 | 063 | 0.63
Logic Gate (4-transistor) Area efficiency ++ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
SRAM Cell (6-transistor) Area (um2)++ 045 | 035 | 028 | 022 | 0.17 | 013 | 011 | 0.084 | 0.066
SRAM Cell (6-transistor) Area w/overhead (um2)++ 073 | 057 | 045 | 035 | 027 | 022 | 017 | 013 | 011
Logic Gate (4-transistor) Area (um2) ++ 13 1.0 0.82 0.65 0.51 0.41 0.32 0.26 0.20
Logic Gate (4-transistor) Area w/overhead (um2) ++ 26 21 16 13 1.0 082 | 065 | 051 | 041
Transistor density SRAM (Mtransistors/ecm?) 827 | 1,057 | 1,348 | 1,718 | 2,187 | 2,781 | 3,532 | 4,484 | 5,687
Transistor density logic (Mtransistors/em?) 154 | 194 245 309 389 | 490 | 617 778 980
Generation at introduction * pl0c | p10c | p13c | pl3c | pl3c | pléc | plec | plec | pl9c
Z’&;;cgtjgjjmfsejz)" chip at introduction (million transistors 773 773 1546 | 1546 | 1546 | 3092 | 3092 | 3092 | 6184
Chip size at introduction (mm?) } 280 222 353 280 222 353 280 222 353
Cjost pe.*r[brman?e MPU (Mtransistors/em? at introduction) 276 348 438 552 696 876 1104 | 1391 | 1753
(including on-chip SRAM) }

Generation at production * p07c | p07c | pO7c | plOc | plOc | plOc | pl3c | p1l3c | pl3c
g}’gggj e chip at production (million transistors | g5 | 386 | 386 | 773 | 773 | 773 | 1546 | 1546 | 1546
Chip size at production (m m2) §§ 140 111 88 140 111 88 140 111 88
Cost performance MPU (Mtransistors/em? at production, 276 348 438 552 696 876 1104 | 1391 | 1753

Including on-chip SRAM) }
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Table 1h MPU (High-volume Microprocessor) Cost-Performance Product Generations and
Chip Size Model—Long-term Years

Year of Production 2016 | 2017 | 2018 2019 2020 2021 2022
DRAM ’ Pitch (nm) (contacted) 22 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) @ 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 56 5.0 45
SRAM Cell (6-transistor) Area factor ++ 102.8 | 102.2 | 101.7 101.3 100.9 100.5 100.1
Logic Gate (4-transistor) Area factor ++ 320 | 320 320 320 320 320 320
SRAM Cell (6-transistor) Area efficiency ++ 0.63 0.63 0.63 0.63 0.63 0.63 0.63
Logic Gate (4-transistor) Area efficiency ++ 0.5 0.5 0.5 0.5 05 0.5 0.5
SRAM Cell (6-transistor) Area (um2)++ 0.052 | 0.041 | 0.032 | 0.026 | 0.020 | 0.016 0.01
SRAM Cell (6-transistor) Area w/overhead (um2)++ 0.083 | 0.066 | 0.052 | 0.041 0.032 0.026 | 0.020
Logic Gate (4-transistor) Area (um2) ++ 0.16 0.13 0.10 0.081 0.064 0.051 0.040
Logic Gate (4-transistor) Area w/overhead (um2) ++ 032 | 0.26 0.20 0.16 0.13 0.10 0.08
Transistor density SRAM (Mtransistors/cn®) 7,208 | 9,130 | 11,558 | 14,625 | 18,497 | 23,394 | 29,588
Transistor density logic (Mtransistors/em?) 1,235 | 1,555 | 1,960 | 2,469 | 3,111 | 3,920 | 4,938
Generation at introduction * pl9c | pl9c p22c p22c p22c p25c p25c
Functions per chip at introduction (million transistors [Mtransistors/) 6184 | 6184 | 12368 | 12368 | 12368 | 24736 | 24736
Chip size at introduction (mm?) ¥ 280 222 353 280 222 353 280
Cost performance MPU (Mtransistors/em?® at introduction) (including 2009 | 2783 3506 4417 5565 7012 8834
on-~chip SRAM) }

Generation at production * pléc | pléc | pl6e p19c pl9c pl9c p22c
Functions per chip at production (million transistors [Mtransistors]) 3092 | 3092 3092 6184 6184 6184 12368
Chip size at production (mm?) §§ 140 11 88 140 11 88 140
Cost Performz—mce MPU (Mtransistors/em?® at production, including 2209 | 2783 | 3506 4417 5565 7012 8834
on-chip SRAM) }

Notes for Tables 1g and 1h:

++ The MPU area factors are analogous to the “cell area factor” for DRAMSs. The reduction of area factors has been achieved historically through a
combination of many factors, for example—use of additional interconnect levels, self-alignment techniques, and more efficient circuit layout. However, recent
data has indicated that the improvement (reduction) of the area factors is slowing, and is virtually flat for the logic gate area factor.

* p is processor, numerals reflect year of production; c indicates cost-performance product. Examples—the cost-performance processor, pO4c, was introduced in
2002, but not ramped into volume production until 2004; similarly, the p07c, is introduced in 2004, but is targeted for volume production in 2007.

1 MPU Cost-performance Model—Cost-performance MPU includes Level 2 (L2) on-chip SRAM (512Kbyte/2000) plus Logic (20M transistors in I core in year
2000); and the combination of both SRAM and logic transistor functionality doubles every technology cycle. The 2007 MPU model was revised by the Design
TWG to introduce the doubling of logic cores every other technology cycle, but function size and density was kept unchanged by doubling the transistor/core

targets. The Design TWG believed this approach to the MPU Model was more representative of current design trends.
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$§ MPU Chip Size Model—Both the cost-performance and high-performance MPUs InTER-generation production-level chip sizes are modeled to be below
affordable  targets, which are flat through 2022 (280 mmz/cost-performance at introduction;, 140 mmz/cost-pe;fbrmance at  production;
310 mmz/high-pe;formance at production). The MPU flat chip-size affordability model is accomplished by doubling the on-chip functionality every technology
cycle. Actual market chip sizes may exceed the affordability targets in order to continue the doubling of on-chip functionality on a shorter cycle, but their unit
costs and market values must be increased. In the 2005 ITRS, the MPU model now includes introduction-level high-performance MPU targets that shrink to the
“affordable” targets (the same way the DRAM model operates). The InTRA-generation chip size shrink model is 0.5 x every two-year density-driven technology

cycle through 2004, and then 0.5 x every three-year density-driven technology cycle afier 2004, in order to stay under the affordable flat-chip-size target.

Refer to the Glossary for definitions.
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Table 1i High-Performance MPU and ASIC Product Generations and Chip Size Model—Near-term Years

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 2014 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
MPU/ASIC Metal 1 (M1) % Pitch (nm) 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Logic (Low-volume Microprocessor) High-performance }

Generation at Introduction pl0h | pl10h | p13h | p13h | p13h | pl6h | pl6h plé6h p19h
Functions per chip at introduction (million transistors) 2212 | 2212 | 4424 | 4424 | 4424 | 8848 8848 8848 17696
Chip size at introduction (mm?) 620 492 391 620 492 391 620 492 391
Generation at production ** pO7h | pO7h | pO7h | p10Oh | p10h | p10h | p13h p13h p13h
Functions per chip at production (million transistors) 1106 | 1106 | 1106 | 2212 | 2212 | 2212 4424 4424 4424
Chip size at production (mm?) §§ 310 246 195 310 246 195 310 246 195
Highperformance ~ MPU  Mransistorstern”  at | 357 | 449 | 566 | 714 | 899 | 1133 | 1427 | 1798 | 2265
Introduction and production (including on-chip SRAM) }

ASIC

ASIC usable Mtransistors/cni (auto la ,yout) 357 449 566 714 899 1133 1427 1798 2265
ASIC max chip size at production (mm?) (maximum 858 858 858 858 858 858 858 858 858
lithographic field size)

ASIC maximum functions per chip at production

C/!Itjanﬂls'tors/cblp) (it in maximum lithographic field | 3,061 | 3,857 | 4,859 | 6,122 | 7,713 | 9,718 | 12,244 | 15,427 | 19,436
size

Table 1j High-Performance MPU and ASIC Product Generations and Chip Size Model—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 13 11
MPU/ASIC Metal 1 (M1) % Pitch (nm) @ 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 45
Logic (Low-volume Microprocessor) High-performance }

Generation at Introduction p19h p19h p22h p22h p22h p25h p25h
Functions per chip at introduction (million transistors) 17696 | 17696 | 35391 | 35391 | 35391 | 70782 70782
Chip size at introduction (mm?) 620 492 391 620 492 391 620
Generation at production ** plé6h pléh pl6h p19h p19h p19h p22h
Functions per chip at production (million transistors) 8848 8848 8848 17696 | 17696 | 17696 35391
Chip size at production (mm?) §§ 310 246 195 310 246 195 310
High 'pe{”fon??ance ‘ MPU thnsjstors/cmg at introduction and 2854 3596 4531 5708 7192 9061 11416
production (including on-chip SRAM)

ASIC

ASIC usable Mtransistors/em? (auto layout) 2854 | 3596 | 4531 5708 7192 9061 11416
ASIC max chip size at production (mm?) (maximum lithographic 858 858 858 858 858 858 1716
field size)

ASIC maximurm functions per chip at production (Mtransistors/chip) | o4 saq | 30853 | 38,873 | 48977 | 61,707 | 77,746 | 195,906
(fit in maximum Iithographic field size)
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Notes for Tables 1i and 1j:

* p is processor, numerals reflect year of production; c indicates cost-performance product. Examples—the cost-performance processor, pO4c, was introduced in
2002, but not ramped into volume production until 2004; similarly, the p07c, is introduced in 2004, but is targeted for volume production in 2007.

1 MPU High-performance Model—High-performance MPU includes Level 2 (L2) on-chip SRAM (2048Kbyte in year 2000) plus Logic (25M transistors in 1
core in year 2000), and the combination of both SRAM and logic transistor functionality doubles every technology cycle. The 2007 MPU model was revised by
the Design TWG to introduce the doubling of logic cores every other technology cycle, but function size and density was kept unchanged by doubling the

transistor/core targets. The Design TWG believed this approach to the MPU Model was more representative of current design trends.

§§ MPU Chip Size Model—Both the cost-performance and high-performance MPUs InTER-generation production-level chip sizes are modeled to be below
affordable  targets, which are flat through 2022 (280 mmz/cost—performance at introduction;, 140 mmz/cost—pelfformance at  production;
310 mmz/high—peiformance at production). The MPU flat chip-size affordability model is accomplished by doubling the on-chip functionality every technology
cycle. Actual market chip sizes may exceed the affordability targets in order to continue the doubling of on-chip functionality on a shorter cycle, but their unit
costs and market values must be increased. In the 2005 ITRS, the MPU model now includes introduction-level high-performance MPU targets that shrink to the
“affordable” targets (the same way the DRAM model operates). The InTRA-generation chip size shrink model is 0.5 x every two-year density-driven technology

cycle through 2004, and then 0.5 x every three-year density-driven technology cycle afier 2004, in order to stay under the affordable flat-chip-size target.

Refer to the Glossary for definitions.
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B> TND) I, 2001 FZhAFE ST 300mm TA L BESIDTREFES L TD, £z, ARIOE—R <y 7 Tl
WD 1.5 fF57 =— A X =450mm BV = — & T P8R EPET AL 718 2012 HEFE TITHELE
ITHNIEIATOIL TR, LR, DA FENE A LS EHHEE ) VY777 15l R0fkEt 7 m
TADYE) BAT Y 2 — VBN FEBL 2D > T2 6 | AEFEMED ] FIREL TR ARY = — O A I
FH0, HOWIFRIFEDONRDBH L7 AL EZ LT iU /e b2 2 A9,

FEARBHTBRIEDNNR IR D FEERLAIRDY = — YA X ~OERAD Z A I RKAFL T, w R R ]
H72 TGO EEEE T VB I OREET VOB LE AN LELR D, ZOXIREREREET VL
(industry economic modeling : [EM ) /% . SEMI ( Semiconductor Equipment and Materials Institute ) &
SEMATECH (Semiconductor Manufacturing Technology Institute) 23[Rl C& 2B & EMEEEIT-> Q0D
FORED TR T LT RER DB « R R ER A AT T 5 L LB I E STV DM FEL BT IR D )72
PG AN = A LB Z I 7201, Y T TA 0 ROF v T A= DL DI FFIR CO B L THD
EVIOHZETHD,

T FRIE L R SEERRR T 57200 v RO fFER (v Rl T — N DNK =Y I R) BIED 1747055 178 IS ]
FEMED 5, EDIBEY, Dx—N DT — LN X5 (1 2)x (1.72) TL 4120, D — [ DB FFFIA L I DITTS
Fe 1 T3,
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Table 2a Lithographic-Field and Wafer-Size Trends—Near-term Years

Year of Production

2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

DRAM % Pitch (nm) (contacted)

65 57 50 45 40 36 32 28 25

Flash % Pitch (nm) (un-contacted Poly)®

54 45 40 36 32 28 25 22 20

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

68 59 52 45 40 36 32 28 25

MPU Physical Gate Length (nm)

25 23 20 18 16 14 13 11 10

Lithography Field Size

Maximum Lithography Field Size—area (mm?)

858 858 858 858 858 858 858 858 858

Maximum Lithography Field Size—length (mm)

33 33 33 33 33 33 33 33 33

Maximum Lithography Field Size—width (mm)

26 26 26 26 26 26 26 26 26

Maximum Substrate  Diameter (mm)—High-volume

Production (>20K wafer starts per month)

Bulk or epitaxial or SOI wafer

300 300 300 300
300 300 300 300 300 or or or or
450 450 450 450

Table 2b Lithographic-Field and Wafer Size Trends—Long-term Years

Year of Production

2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

DRAM % Pitch (nm) (contacted)

22 20 18 16 14 13 11

Flash % Pitch (nm) (un-contacted Poly)()

18 16 14 13 11 10 9

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

22 20 18 16 14 13 11

MPU Physical Gate Length (nm)

9 8 7 6 6 5 4

Lithography Field Size

Maximum Lithography Field Size—area (mm?)

858 858 858 858 858 858 858

Maximum Lithography Field Size—length (mm)

33 33 33 33 33 33 33

Maximum Lithography Field Size—width (mm)

26 26 26 26 26 26 26

Maximum Substrate Diameter (mm)—High-volume Production (>20K wafer

starts per month)

Bulk or epitaxial or SOI wafer

450 450 450 450 450 450 450
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N —TSNTeF o7 DOMERE
PN PEEETA, NYRE YT, ECE DI XP, R

F o7 OEEE @O TNEND) = — X3 BB RIS L TN A7 V225 By~ (AEVE L)
BOEFRLEERT D, — AN, T T WO DA OEDEEINT 5 &, R RIEE~D A H ) (1/O)
BEDOANHINIHE 2y R B B N3 5(Table 3a and b 22 ),

FHMBY7REIR 7T R DT v 7 ~DHefeld, BRI O R b MEE MO M RICHETHDH, 7 AK
ITWG ([ZEVRHEEINDT v 7 S REUTEE <L, MPU So@EERE ASIC 728 ou vy 781X ITRS Or—R
~ v I 4~6k /Xy RIZ72%, MPU 50D/ REUTZE O WIRITHK 50%HE 1L, ASIC DOF 7 47-0 D
ANYRBUL 2 FIC7be TRISND, 2 FEOMECIIER 77 R Xy ROEIG B2 705, RIR) 7
MPU O/ REUE, 113 B VO 57 R T, 23 &R 7T Ry RERo>TEY, 1 7O VO H/ Sy RITkt
LT 2 »rDOBEW T TRy REH> T, MPU SId R0 AREAITEMERE ASIC BBy REIT 1 »
D VO EH/IyRIZH LT, 1 »DOEIR 7T RaFio,

Table 3a Performance of Packaged Chips: Number of Pads and Pins—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015
DRAM % Pitch (am) 65 57 50 45 40 36 32 28 2
(contacted)

Flash % Pitch (nm)

(uncontacted Poly)® 54 45 40 36 32 28 2 22 20
MPU/ASIC Metal 1 (M1)

35 Pitehs () (8 68 59 52 45 40 36 32 28 25
MPU  Physical  Gate

Length Gum) 2 23 20 18 16 14 13 11 10
Number of Chip I/Os

(Number of Total Chip

Pads)—Maximum

Total pads—MPU | 5 75 3,072 3072 3072 | 3072 | 3072 3,072 3,072 3072
unchanged

Signal VO—MPU (% of | 33 a9, 33.3% 33.3% 333% | 333% | 33.3% 33.3% 33.3% 33.3%

total pads)

Power and ground

pads—MPU (% of total 66.7% 66.7% 66.7% 66.7% 66.7% 66.7% 66.7% 66.7% 66.7%
pads)

1S:  Total pads—ASIC

High Performance 4,400 4,400 4,600 4,800 4,800 5,000 5,400 5,400 5,600
unchanged

Signal /O pads—ASIC

highperformance (% of| 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 50.0%
total pads)
Power and ground
pads—ASIC
. 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 50.0%
high-performance (% of
total pads)
Number of Total Package
Pins—Maximum [1]
Microprocessor/controller; 720-
600-2140 | 600-2400 | 660-2801 | 660-2783 720-3367 | 800-3704 | 800-4075 | 880-4482
cost-performance 3061
Microprocessor/controller; 4000 4400 4620 4851 5094 5348 5616 5896 6191
high-performance
ASIC (high-performance) 4000 4400 4620 4851 5094 5348 5616 5896 6191
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Table3a and 3b DEEL:

[1]7° V> MM (PWB) £fifi e o AT A3 ARDOBLENG , Py F U7 7 LA HHEAME HE L8 T OIS B CIEE B miRsh
D, FEREL T ATV EOBEAIL, ZORERE T LIV KE e/ S lr— DA R 70D, (55 LEROBHRITRICHRAL, 2:1
5 1:4 OFIFETET D,

Table 3b Performance of Packaged Chips: Number of Pads and Pins—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 13 11
Flash % Pitch (nm) (un-contacted Poly)® 18 16 14 13 11 10 9
MPUJASIC Metal 1 (M1) % Pitch (nm) @ 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6 6 5 4

Number of Chip I/Os (Number of Tbtal Chip
Pads)—Maximum

Total pads—MPU unchanged 3,072 3,072 3,072 3,072 3,072 3,072 3,072
Signal /O—MPU (% of total pads) 33.3% 33.3% 33.3% 33.3% 33.3% 33.3% 33.3%
Power and ground pads—MPU (% of total pads) 66.7% 66.7% 66.7% 66.7% 66.7% 66.7% 66.7%
150 otal - pads—ASIC High  Performance | g gq, 6,000 6,200 6,200 6200 | 6,840 6,840
unchanged

Signal /O pads—ASIC high-performance (% of 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 50.0%
total pads)

Power and ground pads—ASIC high-performance 50.0% 50.0% 50.0% 50.0% 50.0% 50.0% 50.0%
(% of total pads)

Number of Total Package Pins—Maximum [1]

Microprocessor/controller; cost-performance 880-4930 | 9605423 | 960-5966 | 1050-6562 | S0 | 11557940 | 1155-8337
Microprocessor/controller, high-performance 6501 6826 7167 7525 7902 8297 8712
ASIC @ngperﬁarmance) 6501 6826 7167 7525 7902 8297 8712

A&P ITWG |[ZX0HE 7=/ 80— 4 (Table 3a & 3b) EE°2 24702 A (Table 4a & 4b) Dr—R~
o1 RO BYER S~ DL TR LTS, B Y7203 2NIAD LT, Fo S ND RN A%
BT EBEOINT DL, o —T R VSIS T DL T RISIND, 2 o7 — 0 7 RRDNY
SANIFFEIINT D EIRDD T, 2 —HIN A— 2> T, TANDRO BV MR R AR5 &
DIREIRREL 72D,

FERNTHFOWMUNFEE RUILBREE (T, REHOV AT LR TAD D T3 2 i E%Dﬁ’%ﬁ%
SR T, i E/\w)zﬁrﬁ) IZBWT, PC R ERR DI KBAET D AT 755,
ANIBLIRHERF {Jﬂw{tﬁm&foﬁé ZNHDAAT 7RI I, 2 ERICHERET 2 1510725, Zh iﬁ‘a
S D EYRA— T CORMBRE DO THGEREE Th D, H-M 30%F/21TZ L, EDOER Q FEIZaANIE LD
T T T YTV OKEEIL 2 512725, DFED, HFF29%) THEEE (B b, FTU P AX) B0 xRN F3BHE0
9 ITRS OFEFHIERIZIESL, BE/RIANRTA /N THD,

H LU RO PER R OIS A HERF /I NI A E A BEEL L, B SO aANT TSR

=YD NN T D72 51E, 15 4B D ITRS B— R~ 7 W T, h—21 0oz 5D

ﬁ’vﬁ’aéﬁ/w/fw/ttﬁﬁ THINUGET . ZOREREL T, RIS~ — U 2 REE B> S8, AFZERRR L T
RE I ~ERE AR T 52812705,

DFEFRAS, VT« F 7« F 22—/ L (System in Package : SiP) <> COB(Chip on Board)<°>Z DD AIER
f@ﬁ#ﬂ%/ﬁé")ﬂb\t SoC(System on Chip) ~DREREFEAIZLY, VAT AEROE U BER RIS 5, PEE
BN DSWFB )OI 5T D,
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AR 472D O AN FREIN D SE 72030 | BEREMEZ B INS D ERITINZ T, IZEHRE, Ko A M
EulZx T AR ELFET D, HEE OFFEEMT-T 72D LS~ 2 T 7 ORER 2 (5127580
=T OIERIN THITHIDNC, I EH CERUE FE LB L2 WD EER D39 H, MPU OB4 704
DDA BENIIAE T, 1.5~2 L TE 7, UL, B 1TRS2007 (ZHBW\TIE, A -F
TR OB FEFL) 8%LL IR 2L FHIL TvD, (HEE#(Glossary) TE &3 25703) &l
IR A=V PN E S TN E TSIV CEIERE M LT HIE, flEIS /- B G HER L7235, R
D SoC R SiP ROV AT AL~V OVEREORKRE LT Z FTRRIC 5, 7 —F T /T v OV 7 My =7 DYGE
IZE > THEBAASN TN,

MPU 55233 Tl MIPs (Millions of Instructions per Second)?D WA CHRHOIVDUERFE 1L, [7—FT7
T ERe) (Va2 A7 N BT O A 2L TINS5 RINTOEATERE | (77 7 JEE) O
BEEEL TEBHIND, L@ EREEERRICH T 2=—X3 LT A 5REGE Sy — P EI o
BRFE AL CEER T2,

ZNBHDF[ET RE[EIL Table 4c and 4d |2 REF1U TS, Table 4c and 4d (Z1E, F 7 O KIEREDH
2 T HITA72DIZEET TWG 2MeEft3ATH B NS s, S RIS IS Uz e KBRS0 E, BA R
24 e (on-chip, local clock) [ZEHERIMR T2, Bof]S LITBLARE SR B D Ak A I L A5 FiniE
PEIEDHIIZED  F T NEARDDHAE 5D W E L local” JE I £ b D 722 s B N3-5, 2 DOthofF5451k
3 VAXYRREN =DV —=R DAL F B AZFWRT D, fEiJR 7V T T T HEfeld, Sy r— T4
UL FAENRZTOBRS . ME—DBLEAIRITIENS LIV, T 7T INOIE 5L BIROBLEZ o b3 5720
(2, BORR A BN UG T D2 LRSS, BURROBHE NS bkt 08, Ty 7 ofliE7 nt A
BT KIEHLO Cu BlAROIKFEESR (k~2-3) OO & B b Sttt B Lotg A< HE NS, £
HFLFIES E72, Hobk EOEWEEREL (off-chip) NS AT HEND,

Table 4a Performance and Package Chips. Pads, Cost—Near-term Years

Year of Production 2007 2008 2009 2010 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 356 32 28 25
Flash % Pitch (nm) (un-contacted Poly)(® 54 45 40 36 32 28 25 22 20
MPU/ASIC Metal 1 (M1) % Pitch (nm) @ 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10

Chip Pad Pitch (micron)

Pad pitch—ball bond [no update - deleted by

A&P] 30 30 25 25 25 20 20 20 20
Pad pitch—wedge bond 25 25 25 25 25 25 25 25 25
Z‘S{tper fb’;llff;:ffg hepe fgg’a nce) fipchip | 434 130 120 120 120 110 110 100 | 100
Pad Pitch—2-row staggered-pitch (micron) 45 45 40 40 35 35 35 35 35
Pad Pitch—Three-tier-pitch pitch (micron) 50 50 45 45 40 40 35 35 35

Cost-Per-Pin

Package cost (cents/pin) (Cost per Pin

Minimum  for  Contract Assembly — | .69-1.19 | .66-1.13 | .63-1.70 | .60-1.20 | .57-.97 | .54-92 | .51-.87 _'%83 _'4769
Cost-performance) — minimum-maximum ' '

Package cost (centsipin) (Lowcost, handheld | 57 o | 5548 | 24-46 | 23-44 | 22-42 | 21-40 | 20-38 | 20-36 | 20
and memory) — minimum—maximum -34
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Table 4b Performance and Package Chips: Pads, Cost—Long-term Years

Year of Production 2016 2017 2018 2019 2020 2021 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 13 11
Flash % Pitch (nm) (un-contacted Poly)® 18 16 14 13 11 10 9
MPUASIC Metal 1 (M1) % Pitch (nm) @ 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 45
Chip Pad Pitch (micron)

Pad pitch—ball bond [no update - deleted by A&P] 20 20 20 20 20 20 20
Pad pitch—wedge bond 25 25 25 25 25 25 25
Z'.ig(jl p:;IZfIH_QiTS array flip-chip (cost-performance, o5 o5 2 2 85 85 80
Pad Pitch—2-row staggered-pitch (micron) 35 35 35 35 35 35 35
Pad Pitch—Three-tier-pitch pitch (micron) 35 35 35 35 35 35 35
Cost-Per-Pin

Package cost (cents/pin) (Cost per Pin Minimum for m 4 39 37 35

giﬁffjs; _m$§§£& - Cost-performance) —| 75 7 - 68 - 64 _ 61 .33-58 | 0.32-0.55
Fackage lejf_(lfg)’jfﬁza’ow"’osa hand-held and memory) | 5, 35 | 20.30 | 20-29 | 20-27 | 20-26 | 19-25 | 19-25

Table 4c Performance and Package Chips: Frequency On-chip Wiring Levels—Near-term Years

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25

Flash % Pitch (nm) (un-contacted Poly)®) | 54 45 40 36 52 28 25 22 20

MPU/ASIC Metal 1 (M1) % Pitch (nm) @ | 68 59 52 45 40 36 32 28 25

MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Chip Frequency (MHz)

On-chip local clock [1] 4700 | 5.063 | 5454 | 5875 | 6.329 | 6.817 | 7.344 | 7.911 | 8.522
Maximum number wiring levels [3] [**] 1 12 12 12 12 12 13 13 13

Table 4d Performance and Package Chips: Frequency On-chip Wiring Levels—Long-term Years

Year of Production 2016 | 2017 | 2018 2019 2020 2021 2022
DRAM * Pitch (nm) (contacted) 22 20 18 16 14 13 11
Flash % Pitch (nm) (un-contacted Poly)® | 18 16 14 13 11 10 9
MPU/ASIC Metal 1 (M1) % Pitch (nm) @ | 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6 6 5 4
Chip Frequency (MHz)

On-chip local clock [1] 9.180 | 9.889 | 10.652 | 11.475 | 12.361 | 13.315 | 14.343
Maximum number wiring levels [3] [**] 13 14 14 14 14 15 15

[#*) (RS * il TWG 1 Table 80a & b 7>5loptional level ] ZHIRL7-00 T, ORTC D KECHREE - KAF
(Maximum number wiring levels - maximum) JbHIBRSID, F72, THRAEIBHEE-F/ME (Maximum number wiring
levels - minimum) J/IFAE, [V AV EHOFIME (Maximum number of wiring levels) 112725,

Table 4c and 4d DIERL:
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(112> F > 7 B EE, PIDS TWG JOHRBES T A2 8T D ZAZPRIE Z ST, 2007 45T 12 4 DAL /N —BIED
KEL72%, 2007 FELARE, PIDS BT VORI VARIBIEICRT 5 14.7%DFEARB DRI, [l 4 ORNTL P AR DFEZR 17.2%D EEEK
PEREMEIMT IR AT 5, 2005 FEDOR—R <7 TlL, A v F v 7 TEREOEMIL 2022 FFE T, RN P AZPERREFRIU SR THEINL
720 PIDS TWG TIE 17%D Moo VA& ReD ] BAEARES L TODAN, 5k TWG 1RO A L T 7 TR 285K 8% 0[]
FIHEELZ, Zhud, Ty 7 472050K 200W 23 Al fE/e BAGREHL — R A7 B4 57200 | Bl DA T 7[R mostifke
HISNDHAL —RENRT—DFRGF R —RA 7S LD,

RIAZF T R HIT, A&P T L TERSIL, A&P T THHEND,

BINEBEEROT A YL~V O KL, BIR, 770 R 5 5IRE, B EZBHR 1 (T7bbar 7o) Of-lcd it 7 var
DLV TN,

ERH R KW

DRAM, MPU, ASIC OEXHIRIMEDE RS2 (BEEDFIT 83~89.5 %D T~ I HRAERNT HDIT
WABETR) Bt HAEA 3R Sa, SbiZd, DRAM &~ A7/ al iz onCE# | TRELZIDNC, T~
SHEET WS SERRLT v SHEZBEL T, R TR KI5 R L C0D, 20 k| IENOT
— RN IEPETA T YAV IV OWNEFEL ~IVTE T BMRIESIL TS, BRI EIZ DWW TOE T 7= XA
LT, [A—H# ) — R COERDTF v 7 ~HEICBT DD KB 2 RS A I MRS, FITEINL T
L7 AL DFRIEL L C, a7 « T A A~ AT B O D,

Table 5a Electrical Defects—Near-term Years

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
Flash % Pitch (nm) (un-contacted Poly)(® 54 45 40 36 32 28 25 22 20
MPUJASIC Metal 1 (M1) % Pitch (nm) @ 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10

DRAM Overall Electrical D, (faults/m?) at Critical Defect Size or Greater
N

2437 | 2437 | 2437 | 2437 | 2437 | 2437 | 2437 | 2437 | 2437

MPU Overall Electrical Dy (faults/n’) at Critical Defect Size or Greater
1395 | 1395 | 1395 | 1395 | 1395 | 1395 | 1395 | 1395 | 1395

§§
# Mask Levels—MPU 33 35 35 35 35 35 37 37 37
# Mask Levels—DRAM 24 24 26 26 26 26 26 26 26

Table 5b Electrical Defects—Long-term Years

Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 13 11
Flash % Pitch (nm) (un-contacted Poly)(®) 18 16 14 13 11 10 9
MPUJASIC Metal 1 (M1) % Pitch (nm) (© 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 56 5.0 45

DRAM Overall Electrical D, (faults/m?) at Critical Defect Size or Greater § | 2437 | 2437 | 2437 | 2437 | 2437 | 2437 | 2437

MPU Overall Electrical Dy (faults/m’) at Critical Defect Size or Greater §§ | 1395 | 1395 | 1395 | 1395 | 1395 | 1395 | 1395

# Mask Levels—MPU 37 39 39 39 39 39 39

# Mask Levels—DRAM 26 26 26 26 26 26 26

Notes for Tables 5a and 5b:

Dy — defect density
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§ DRAM Model—cell area factor (design/process improvement) targets are as follows:

1999-2006/8 x: 2006-2022/6%. Due to the elimination of the “7.5,” “7,”and the “5” DRAM Cell design improvement Factors [a] in the latest 2005 ITRS
DRAM consensus model, the addition of ““Moore’s Law” bits/chip slows from 2 x every 2.5-3 years to 2 x every three years.

DRAM product generations were increased by 4x bits/chip every four years with interim 2x bits/chip generation. However, in the last model 2005 ITRS
timeframe refer to Figures 8 and 9 for bit size and bits/chip trends:

1. at the Introduction phase, afier the 16 Gbit generation, the introduction rate is 4x/six years (2 x/three years); and

2. at the Production phase, after the 4 Gbit generation, the introduction rate is 4x/six years (2 x/three years).

$§ MPU Chip Size Model—Both the cost-performance and high-performance MPUs InTER-generation production-level chip sizes are modeled to be below
affordable  targets, which are flat through 2022 (280 mmz/cost—pe}formance at introduction; 140 mmz/cost—pe}jbrmance at  production;
310 mmz/high—pe}ﬁyrmance at production). The MPU flat chip-size affordability model is accomplished by doubling the on-chip functionality every technology
cycle. Actual market chip sizes may exceed the affordability targets in order to continue the doubling of on-chip functionality on a shorter cycle, but their unit
costs and market values must be increased. In the 2005 ITRS, the MPU model now includes introduction-level high-performance MPU targets that shrink to the
“affordable” targets (the same way the DRAM model operates). The InTRA-generation chip size shrink model is 0.5 x every two-year density-driven technology

cycle through 2004, and then 0.5 x every three-year density-driven technology cycle afier 2004, in order to stay under the affordable flat-chip-size target.

Refer to the Glossary for definitions.
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ERCHEES)
WSOMDOER HEBEIIOI T, T2 AL T ¥ VRO, 57— wj‘%@éﬁwﬂ@@@rﬁim GERCES

JEDAKIH (5 6a, 6bZR) ZHELHED TS, 32 6a, 6b 1”3 19IC, BIE, BIRELDOEIIHIATEZ O
TW5,

FEED Ve EOZEIRZ, MED IC 12D\ THEEE )2 RIRH i b3 2T o —fE L Thel T bt T

D %ﬁ% bR O FIREEIRE = OHEHEZL 76U TD, EERE7 By —T 0.5V Ve fEl 2022 4%

ZIXEERSIIRNE A, BITED Vg Sl B AKTE 2 7B )G AL C 2016 4RI 0.5V LiesTish,
2021 4FIZ1F 045V ITH | E FIF 5 BERIZ 2> TUD,

R EHEB MPU ) 1E 3 SOA7 3V THRaRSLA,

1) EMEET AT N T T TV ir—ar Rulr—TDb—h U TR,

2) ZARNEMGI FEtERE R R ) & B b B

3) HEEFEMER (50, TR TV — R —UDOTWG Tl LUy Harsh | BRBEE 4 ST HI TN, )

ETOATAV T REFREEOMHHITH DO | BIEOEIHE BTNt T D, mF Y7 M
JEI £ (2007 £F ITRS TIFAER 17%0°5. R 8% I RAUTHIE FIF BV | Bl IR @ f & miid,
BLOFBIEINLIN DA — VT 75T v LT AZ O —h -V —7 (JfiL) ORI E DN E
HE BEOIINZHELED TND,

Table 6a Power Supply and Power Dissipation—Near-term Years

[1] Power will be limited more by system level cooling and test constraints than packaging

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
Flash % Pitch (nm) (un-contacted Poly)® 54 45 40 36 32 28 25 22 20
MPU/ASIC Metal 1 (M1) % Pitch (nm) () 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10

Power Supply Voltage (V)

Vdd (high-performance) 11 1.0 1.0 10 0.95 | 090 | 0.90 [ 0.90 | 0.80

Vdd (Low Operating Power, high Vdd transistors) 080 | 080 | 0.80 | 0.70 | 0.70 | 0.70 | 0.60 | 0.60 | 0.60

Allowable Maximum Power [1]

High-performance with heatsink (W) 189 198 198 198 198 198 198 198 198

Maximum Aftordable Chip Size Target for High-performance

MPU Maximum Power Caleulation 310 310 310 310 310 310 310 310 310

Maximum High-performance MPU Maximum Power Density

for Maximum Power Caleulation 061 | 064 | 064 | 064 | 064 | 0.64 | 0.64 | 0.64 | 0.64

Cost-performance (W) 104 1m 116 119 119 125 137 137 137

Maximum Affordable Chip Size Target for Cost-performance

MPU Maximum Power Caleulation 140 140 140 140 140 140 140 140 140

Maximum Cost-performance MPU Maximum Power Density for

Maximum Power Caleulation 074 | 079 | 083 | 085 | 085 | 0.89 | 098 | 0.98 | 0.98

Battery (W)—(low-cost/hand-held) 3 3 3 3 3 3 3 3 3
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Table 6b Power Supply and Power Dissipation—Long-term Years

[1] Power will be limited more by system level cooling and test constraints than packaging

Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 13 11
Flash % Pitch (nm) (un-contacted Poly)(® 18 16 14 13 11 10 9
MPUJASIC Metal 1 (M1) % Pitch (nm) (& 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 45

Power Supply Voltage (V)

Vdd (high-performance) 0.80 | 0.70 | 0.70 | 0.70 | 065 | 0.65 | 0.65

Vdd (Low Operating Power, high Vdd transistors) 050 | 050 | 050 | 050 | 050 | 045 | 045

Allowable Maximum Power [1]

High-performance with heatsink (W) 198 198 198 198 198 198 198

Maximum Affordable Chip Size Target for High-performance MPU Maximum

Power Calculation 310 310 310 310 310 310 310

Maximum High-performance MPU Maximum Power Density for Maximum

Power Caleulation 064 | 064 | 064 | 064 | 064 | 064 | 0.64

Cost-performance (W) 151 | 151 | 151 | 151 | 151 | 151 | 151

Maximum Affordable Chip Size Target for Cost-performance MPU Maximum

Power Calculation 140 140 140 140 140 140 140

Maximum Cost-performance MPU Maximum Power Density for Maximum

Power Caleulation 108 | 1.08 | 1.08 | 1.08 | 1.08 | 1.08 | 1.08

Battery (W) —(low-cost/hand-held) 3 3 3 3 3 3 3

=g/ QN
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ZfHo T, —HEEE (B b, N7 AZ—55) Y70 29% D ANIEE/2 5, 4 FT(1999 HLAFTY) . ==vh
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FTOMMEIL, | DRAMASHNTIZER 45%DaANE Y MRS D RETHHZEERL TN,
ZHUZHKIEL T, v Af7a 7 at oI OWTART — X5 > T T eI LR R e b 7= H L TnD,
SFEREL T, MPUET W, [A—HARANT 45%DHIEL —MEL &bz, AR TTRIAZRa AN TR
Z DI B A 29% /A 0ME S TS,

2007 FRRITRSIZIC Z D 2001 FREMPUT 7 SHEET L afi> TS, i%5F ITWG 13 2001 FRITRS
TYUHEDT —HTHSNOT MPU 7 NVELETLCWNVD, BEEDOT —2 (%, a7 - hT P RED~HERY Y
TZ77 4D —hEHIHFH A7 VLI 0.7x) =T Hig/ B LN 0.5x Y YHE/N) OEIGTULMUEL TN Z e
ZRLTCND, ZDT28 MPU F 7 k& — IR DT-OIL, NI PAZOEIT, Hifrh A7 2Lzl
FEHEL TR, BT 271D L —RE 2001 4E 180nm 75 2010 4E 45nm £T 2.5 4E A7)0 2010 HELARE
(23 VAR DETRISILTND, 15T, 2004 FELIE, KD @O ANFFE T Hiisa i o Fen | His
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7%,

DRAM AEV-Evh- /LR FHOSFEAL —RY, 2007 ERITRS - DRAMF 7 ~HEET /L HEE A R
T AR—Z LTS, [6|DFGTT7 774 —, AIG181 77742 —IZx L 25%DeE L 2006 -2 ERRIZE
AZHU72 (2005 A ITRS Tl 2008 &5 . LAL, IS | OFRENT 774 — BRI TRIREL THIFRFC& T,
T D 2 NGIEA FEMEZ S LS E TS, IS, TWG @ DRAM SUEEOFEICIUE, &L U 73R
D BEED 2006 FELAE 56% 1251 & FiFBHi7= (2005 4= ITRS Tl 2008 FELF0R) , ZNHDEGIEDET LD
L LFFR CELAEERAARLGL 1 (140mm2 TlE72< 100mm2) DFTLW BEEN T ES T, fFkTF 7
HIHDOE YDA —RHIL LT, 3 4£T 2 {5 TdHDH, DRAM E7 /L DZE{kIL 64Gbit tHARDAERE (B AL
2013 4) % 2033 |G 128Gbit CE AL 2016 42) IXBIFED ITRS 23508375 2022 4 F T TIXAR FIEEE 72D,
BUEG 205 T 0D EFET 7 ~HiE% 140mm? LL T O—EF 7 ~HEIRDT2DI2, 2005 4EITRS - DRA
MF 7 SHEET LA~ZNHDORERLETH 5,

DRAM EMPU IZRIT AT w7 HIZ0DEREDOL — MK F 272012, o7’ owr— AR—R, VAT
LD YL TDT —FT I F ROk e DA A M A — ) o 7D EL DRSNS B &7 A A e
f F3RAE B A~ DE NN ETE T EmEL7259,

ITFERT > 7 EREOEENNL — MK FL72E L Th | WL — N SOEERE/ T 7 D Bl L E I HR 50y
(ZRIRL TS, H8HE/ T 7 DB T 2O T, ek an DT ANTIE T I WEEZA2D, 1o T, =22
AR TND, ZHUE, TAZDAAD EFATKBRSI TS, TARSNDE b IINY % (% 4a, 4b) |
ZHUFTAEO AN (CoO) ZHINMNS DA T DB 25 LD T AMEREITD TR T AZ DA A,
HERIHEL, Tz, #HiAFHE/L 7«7 ARBuilt-in Self Test: BIST) FiEB XN T ANE G LERE
(Design-For- Testability :DFT) F508UER 5 {La% (Design for Manufacturing :DFM) O SEEUIIE#E~D =
—R1%, 2007 FERCEERERET 7 /ay - n—R <y T OXA LT — AN THIER TS Do FELVEL
LT ARDETIRARD,

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

MecClean, 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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Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
DRAM % Pitch (nm) (contacted) 65 57 50 45 40 36 32 28 25
Flash % Pitch (nm) (un-contacted Poly)® 54 45 40 36 32 28 25 22 20
MPU/ASIC Metal 1 (M1) % Pitch (nm) @ 68 59 52 45 40 36 32 28 25
MPU Physical Gate Length (nm) 25 23 20 18 16 14 13 11 10
Affordable Cost per Function ++
DRAM ’ C‘OSt'/bll: at (packaged microcents) at 26 19 13 0.9 0.7 05 03 0.2 0.2
samples/introduction
DRAM cost/bit at (packaged microcents) at production § 096 | 068 | 048 | 034 | 024 | 017 | 0.12 | 0.08 | 0.06
Cost-performance MPU (microcents/transistor)
(including on-chip SRAM) at introduction §§ 220 | 156 1.0 8 55 39 28 19 14
Cost-performance MPU (microcents/transistor)
(including on-chip SRAM) at production §§ 133 9.4 6.7 a7 33 24 L7 12 0.83
High-performance MPU (microcents/transistor)
(including on-chip SRAM) at production §§ 122 8.6 6.1 43 30 22 15 11 0.76
Table 7b Cost—Long-term Years
Year of Production 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
DRAM % Pitch (nm) (contacted) 22 20 18 16 14 13 11
Flash % Pitch (nm) (un-contacted Poly)(®) 18 16 14 13 11 10 9
MPU/ASIC Metal 1 (M1) % Pitch (nm) © 22 20 18 16 14 13 11
MPU Physical Gate Length (nm) 9 8 7 6.3 5.6 5.0 45
Affordable Cost per Function ++
DRAM cost/bit at (packaged microcents) at samples/introduction 0.1 0.1 0.1 0.0 0.0 0.0 0.0
DRAM cost/bit at (packaged microcents) at production § 0.04 | 003 | 002 | 000 | 001 | 0.01 | 0.01
Cost-performance MPU (microcents/transistor)
(including on-chip SRAM) at introduction §§ 0.97 | 069 | 049 | 034 ) 024 | 017 | 012
Cost-performance MPU (microcents/transistor)
(including on-chip SRAM) at production §§ 059 | 042 | 029 | 0.21 | 0.15 | 0.10 | 0.07
High-performance MPU (microcents/transistor) 054 | 038 | 027 | 019 | 013 | 010 | 007

(including on-chip SRAM) at production §§

Notes for Tables 7a and 7b:

++ Affordable packaged unit cost per function based upon average selling prices (ASPs) available from various analyst reports less gross profit margins

(GPMs); 35% GPM used for commodity DRAMs and 60% GPM used for MPUs,; 0.5x/two years inTER-generation reduction rate model used; .55x/year

inTRA-generation reduction rate model used; DRAM unit volume life-cycle peak occurs when inTRA-generation cost per function is crossed by next generation,

typically seven—eight years afier introduction; MPU unit volume life-cycle peak occurs typically after four—six years, when the next generation processor enters

its ramp phase (typically two to four years after introduction).

$§ DRAM Model—cell area factor (design/process improvement) targets are as follows:

1999-2006/8%: 2006-2022/6 . Due to the elimination of the “7.5,” “7,”and the “5” DRAM Cell design improvement Factors [a] in the latest 2005 ITRS

DRAM consensus model, the addition of “Moore’s Law” bits/chip slows from 2x every 2.5-3 years to 2% every three years.

DRAM product generations were increased by 4x bits/chip every four years with interim 2x bits/chip generation. However, in the last model 2005 ITRS

timeframe refer to Figures 8 and 9 for bit size and bits/chip trends:
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1. at the Introduction phase, after the 16 Gbit generation, the introduction rate is 4x/six years (2 x/three years), and
2. at the Production phase, after the 4 Gbit generation, the introduction rate is 4x/six years (2x/three years).
As a result of the latest DRAM consensus model changes for the 2007 ITRS, the InTER-generation chip size growth rate model target for Production-phase
DRAM product are delayed an additional year and now remains “flat” at less than 93 mmz, about one third smaller than the MPU model. However, with the
pull-in of the 6f “cell area factor” , the flat-chip-size model target still requires the bits/chip “Moore’s Law” model for DRAM products to increase the time for
doubling bits per chip to an average of 2x per 3 years (see ORTC Table Ic, 1d).
In addition to the revisions noted above, the cell array efficiency (CAE — the Array % of total chip area) was change to 56.1% after 2006. Only the storage cell
array area benefits from the 6% “cell area factor” improvement, not the periphery, however, the CAE pull-in enables the production-phase product chip size to
meet the target flat-chip-size model. It can be observed in the Table 1c and d model data that the InTRA-generation chip size shrink model is still 0.5 x every
technology cycle (to 0.71 x reduction) in-between cell area factor reductions.
$§ MPU Chip Size Model—Both the cost-performance and high-performance MPUs InTER-generation production-level chip sizes are modeled to be below
affordable  targets, which are flat through 2020 (280 mmg/cost—pe;fonnance at introduction;, 140 mmz/cost-pe;formance at  production;
310 mmz/high-pesznﬂance at production). The MPU flat chip-size affordability model is accomplished by doubling the on-chip functionality every technology
cycle. Actual market chip sizes may exceed the affordability targets in order to continue the doubling of on-chip functionality on a shorter cycle, but their unit
costs and market values must be increased. In the 2007 ITRS, the MPU model still includes introduction-level high-performance MPU targets that shrink to the
“affordable” targets (the same way the DRAM model operates). The InTRA-generation chip size shrink model is 0.5 x every two-year density-driven technology
cycle through 2004, and then 0.5 x every three-year density-driven technology cycle after 2004, in order to stay under the affordable flat-chip-size target. . The
2007 MPU model was revised by the Design TWG to introduce the doubling of logic cores every other technology cycle, but function size and density was kept
unchanged by doubling the transistor/core targets. The Design TWG believed this approach to the MPU Model was more representative of current design

trends.

Refer to the Glossary for definitions.
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/2002 ) L~UL 2(L2) SRAM DRLAHTC, v A7 MMERE~D i b & X >7- MPU #ifh, 7 LD
CPU a7 LB AT DREHEIZ LY, oo ZHEEER KON L2 vy o a8 —fRANC 2 75 3 ST A2 (3
A7 NVHIMIT 0.71 £i%5) AT L5 T2,

HREELE: T2ART v S HETT v EOMREZ EMMICEESE IO L3 2RI BAE, 2—7
DL (2x/2 4F) ZHERFL > ORRBEMERLRVE (BT~ 7~ HERB L N2 = v hh -0 il o A h—7F) et 35 &
N, BIEZRET D, 2O 2T EOEIANTOREHEIL, HEREH TV D AN KL — h GEAREMSE) 34
[ 29% (FEESE Y72 BARHINREIGS) L7e b Z LA RGET 5, 2 I LIZTF v EOMREZ(EHE 7570, Hifir-+
ATNDRIr =27 (0.TxFZE, 0.5xHFE) 23 3 =2 LOGAIE, Ty 7 ~HEEIEE 5245720,

BAED 2005 £ERR ITRS oo A HEE L, DRAM OEINNL —MMI-OWT 2 T L2 2x/F T B T 3
HEZLIZ2X /F oA Thpolz, FELHIZ DRAM BV OREFEITER SN =BV - )Y - 77 7 B EE BT
L THKRIED, ZOPpoKNUTZE Y NF 7 DRk ElE 2005 FERITRS OFILLAE LB/ Y - 7 77 ZE
THIAS, 2008 H-FE T 6 TLARLGES NN ThD, BIETIX, MPU N P AZOXYYIIVY 7 T7 155
HIFBERTLAE/ L T (B || BRGHBIESGEE ) , 16> C, m— R~y 7 HIf A4 @L<, e RO mHifE
DEANF 7 ANEENTIARBHET T T BT v 7 ~HEEHERFTD72012, 2005 4 ITRS MPU fiHA ]
FERETET VO BEEIZHAIF AV NV Z L2 2xh T D AR T 7 Thh D,

RN HH—EOMRE/T > 7 B RO T~ 7 <L 2 U 7], 2003 4R ITRS =22t A -
N—=ZE7 VO BT, v—R~y 7 WO 2R S CHIH AT REZe Bt ORGSR E IR AAE AL T Fo
SHEEMEINT D (2 7 Thy N T 1250) 28 THh D, HAAND DRAM BEN MPU T 7 ~FEHE/ ]
D ITRS BHEL 0.71 fEDOEMTH A7V Z A7 T 1 HAAREY 50% THD,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



Y747 Y=<l 106

TELVAN =T ar O AL EITETN -/ — R OMBLFL T RIREME/R D NTIH A S E BT TS
728 FATTF v 7 A= R OEMES T VR G T, BT BV AN — Y a S5ITOKEE
X 52 (IEEE, Institute of Electrical and Electronics Engineers) = {# o [E] B & {4 [0] % 2 3% (ISSCC.,
International Solid State Circuits Conference) 72 0 =B/ Y- EURKE LD FETH D, — KT, T F AR
— gy UV, BARAIEIL L E T T B AR — gy LoUL O Y — L B L O e AT
ESHD, 4 F T, DRAM i, SEEEROTGE AT I 2~3 HeNr~C, o7 e A Hifif /—R
T3HEND 4 HZ LT Ay NTF T DOENG TRSND, DRAM 7 E AN —Tay - Fo 7 ~HET 6 05
8 T LITRFHEL TRV, MG ~DEADRF AN TAT ATRBIC/R DN IO NAFRIE DS EE L T2 D, T
T SHERY Y 7T 7 A RTREZ R BRI I 0 E K& A p T EAMEBITIE DY | b &Y 7 LT
ULNFATH 2 W HIRIFE S TSI, TBRE RO et iudianizn,

#il: 1997 4£/ISSCC/1Gb DRAM, %f ITRS 1Gb 1999 3 AL-~L 2003 FAEREL L H A2
BADE: JAT7F v A= NNV E(IK) DT =TV 7 TNV HE, o7 MTEERES
NTAPER L 7 e A CAPES L, RIEHlO -0 FR R IR ts NS, B EBMORRE 7 772D
B TTF v 7 O NCHERED BN AT REL 72 D78 | ZDUGENHENRY | Z A L) — 72 i~ DB AL 5
IR PR NG U ASHEDTOIT, FAlTH A7 VA (A7 VAR C 0.71 £5) 12 2xi%i8/F> 7 OEIS TEAL T
W, B, Ty SHEOY 2V I ERIX Iy "D | O ASOVISZERS D E T, A=W EEZES TS,
ZNARET 7 SHED R Z—EICL TD,
AFEOQE: 8T V7 A= DR ORI CRRES IV A PERR i &7 B A CAFELT- L O K& Hifir
ZBHAAEL, 55 2 DA—T173 3 2/ A ANIZIBREL 74, (F1E: EBEOBEFENT S BT 1 5 12 - H O TR
FELLERE DN Lo TR DD, ) el e tEiea i 2 Me/ s (O 2V 7) LT BT i ~ D FFEE M T 12-D41,
A PESEE F AT e 7 e AT BGERE ) DO R YL TR DT DI D IEE TV 2 — L~ a3 — | T
<6
B BRI OWTIR, — RIS EFEN. B0 THFHRRE ) E TR TT<DIT 12 7 A LINTHEEE R
%o N EPEST FIF XY 2436 2 H HeN1 5T, TV T 7 - LU E 35 O B3 ARFSeaR o
FEftEn D, X—F L oULERIE, —RECNE I D 12-24 o A 56375 T RERERSHE A~ O
EEBITIRIES LD, N—F LUV ATy R e T AL T TAFEL LIS, SER7LAZE BT
ExAIREE T DT-OICEFENLD LT XA L Br | (=7 BT 147 <Y —DK 3 ZH0) D 12-24 » ARNZIE
ST U URZen7euy, A ay b T4 TE, KEAEEN B RIOBEIZED Y 7 L ERHREERIC
LIZUIEE S A D B A FE T DI EH ATRECTH D, HFIIFAEEL ~UL0 DRAM 73, /INBARAEFEL X
JL0 DRAM E[RIRFIZAFEBRPEIZAD . 2L C, i/ SRR D DRAM § [RIRFIC K EAEFES LTS (i)
2003 4F: IGb/AEFE, 4GAE A, MNZ5HIT 512Mb/256Mb/128Mb/64Mb K EAFE) , [FIRRIZ, KEAFED A
AR MPU 3D B A PED KF 7 M ERE MPU &[RRI ZAEPEERFSIZ A F LT, i/ =2l 7) Shui-ii
A MPU &[RRI K EAPESIL TS,
/T 7 R ATREZR HAN L~ /LT —F /U v - F 7 (single monolithic chip) IR AN Tl
TEAHE VRO (DRAM) £7-13m2 w7 « T P A2 OH(MPU/ASIC) , uy ZREEE (F-v 7 T-0 DT
252801 SRAM BLOV—MERED D w7 « N D 25D W 5% 5T, DRAM HERE (T 7 H1-0 D vk
BOITH—E /U v 7 -Fo7 Loy MI(OTER) 121512354,
Fo~HEmMmMY): R AT ik B o i B L OMLE Y n e AT K-S HAEICRFEICRA-T-
RV THREETEDE /I w7 ARVBI N0V 7 - F o7 ORENL R, (7 —2ORE L7 EmE ITRS
DL BRI THASNT, HEE A T
BERE/cm?:  FIT5-OTHIfE (square centimeter) TOSFEHE =F 7 HETEI - —E /U v r-Fo7 F
DOFRE, Sy R 2 Y BIOT 2 — N\ RITAT Y G, Tv 7 EORBEREICET 2B EDOFHET
&%, DRAM D LT LA BIOMRE EEILR T A7 ROV EE 5T, MPU RS OYE
A SRAM BIWMREET & Leay 7 ONWEEZ FTe, ASIC O%G . @ ENBAT) - T L A%
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HANRBEET LA a7 -7 — N L OERER T S BN AT - 7 LA T 95, 2003 4ERR ITRS T,
— R B MERE ASIC REFOSEHE L, JAE SRAM hFu P 2Z ThHEMERE MPU L[FIL ThHE TARS
AN QAN

DRAM &/ -TL AU (EHf) -\ —krT—Y: MRIAT ATV ORx B TRV - T LA SR
T&Hh—4/L DRAM T 7 - V- (HfH) OFERARR R N —tr 7 —, JELERE, /SyR| Tz—re X
IFAT « TV AN =R DT AT 7 SHEBRETIL, ZO3—kr 7T =R 70% A
ThD, NyRBIORITAT -2 VVIL, VI T TT7 4 TR =T LU0 O T, o 27
VTR RT LA YV =8 T =V 35 (AN, BEEL LTl 63% A0, mitibRo/ha
W2V I LT A A DKREAEFESE EIF L~V TlE 50-55% A1) o

DRAM &/L-Y¥(um?): #57E ITRS 2B P2ADY /L)Y - T 775 (A) xBg/ W N—7 v F (f) 4~k
D FTHLZ, DRAM AEV-E kL HE )Y (HF) (C), Blb, C = Af, Fv 7 - HEEZFHFE T D12,
B ZUYET VAR TENE LT U 2B7e 0, 7L A%3 425 (B) 15 20> DRAM T 7 g7 —
HINHIERHHINI R DD, ZDIHNZ, BV U (Cavp) ITFHE FTRETHY  ZIUTIZR T A3, VO, /3 AZ
A2 N R e B 72 E DA — N RPN EFEILTND, FHEIL Cave=C/E £725,

Enh, (v NF T DEEXCrvp) Th—2 L DF 7 U RGHETED,

Bil: 2000: A=8; N—TtwF D I = (180 nm)’=.032 um* L VY, C=AF=0.26 um* 1Gb #EH AL
~UL DRAM ([ZOWTCEAGNRN =2 /L« Fo 7 - VXD 70% (E=70% ). Cave =C/E=0.37 um’; 5t->7C,
1Gb Fv 7~ HETU =2 b 0.37e-6 mm*/E v b= 397 mm”

DRAM /LYY 7775 $ifli(A) Zha —7E T () O ZFITHT 5L T DRAM /b= =) Y (1
) (C)&FT, — I, -7 77 23R HD D=7 T BNLOHE BN O BN R TEEN
%o (2x4=8., 2x3=6. 2x2=4, 72X)

FLASH &/ -xU¥-7727%: DRAM E[RIU single-level cell(SLC)D =YY 77274, L)L, Flash HAfiL[A]
CB/VEEIRIC 2 By M 2 BRI HEA 32 &2 sk | multi-level-cell (MLC) AR B> hHE, Ziud
SLC O/ ~ED 53T SLC Flash UL O DB -7 7 7 24 FFoZ b2 D,

SRAM &/ -xV¥-T777%: DRAM &/L-TVY- 777 ZLFRICIZN, 6 NIV RS (6t) By 7-HiffiT
FRIAEY R VEFITE T 5, BdiE, i /—R o —TyF (f) O I IHNT AT ZETSRAM 6 k
TV AL AL )Y ([HFE) 23T, —XAIIC, SRAM 6t D&/ -T7 72747 DRAM AEY kL1l
Y77 HE0 16~25 fFRE,

Yy —hew- Y7774 DRAM BLONSRAM LY - 7772 LRICTEN, —fi7e 4 b7
VURE (4) oVl —NEFITE AT 5, BdEE, Hifre S —ReN—TEyF () O ZFIZHNT DT
LTy 47— Y () 2R T, —RIIZ, vYv s 4t 7 —hO|L -7 772X SRAM 6t /LY
Y77 2E0 2.5~3 fERKELS, DRAM A€V &L U7 77250 40~80 {5 K&V,
R RN DR F2 e’ (BtERE ASIC, HEBILATUR): D EAESNSEAENNLT 7V r—a b
FO, ABLATURNCRRFILIZNT L U AZE em® DA, EPERE V—T 4> 7 oY TUAN ()
ASIC | IA U F o7 T A -aPy VBN i ERREE/L (MPU, /O, SRAM 728) Z5te, #EEE!
Fid, mBEKEY VORI VU RARTINZ T, ThA 0Py v D8 LT- (6 ATREZR) ho o
DREGE T, e R EERE ASIC ORXEHIFIH AR A Y 7 T 7 B T D5,

FoFBIO Ry r—T — YR LB R

Fo7 N0 OE—b—FN (TLA) X0 [FYAE55 VO /~yR| + THREEIITT ANHEL TRy —
DU AR L, F (5 B AR 50 OB AT VT 40 MR 2, ISy
RIBZ O YR | ORKRE, ZHUDE, R TOEBET YT V7 - F o TR ET IR — R ~OE#ET 7 i
MEfiE Gt (BTORRT L —r V=R 7L —24, 23— Noo B, B, 77 %
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T21IAR—R R ELRWETORRREL T, S —U T — U B TR T D) (5 V0O 7Sy Rt Sy R
L. MPU 23—fI%HIIZ 1:2 DR THHN, iR ASIC TIE—IIC 1:1 DR THD,

Fo 7 N0 DE—r—2/ (JBR) XK FvEZ 10 R + [Fo7OxyPREiZiar27Mk
DR AT OEJR Sy KRB IO SR | O K

RoRCoFFor: BNy F3T v 7 ERY 530 R T L AIZT, 2Ny REIO LB HLETOR
B,

N —TDENR—NVDE: o —UIZBhD, AR H O 203, IZATER— L O (Z0%#K
X o —2 L —r FEONEREIRER T L — F 13— BT 00T IRk Fo T ey
7N — Xy ROBI G DTN ENRHD)

NRolr— AN ARNER) : BUNEUTERLUZ, 7o —UaEEB L OYNS /O 8t (2 - AR —/1) D=
2k

F 7 )G # (MHZ)

FoFv S a—hjv-rayy, EmERE: T Oua—hALLTEE IS RBITS, EtERe D BRI~ /0
TatotOt L F oL B

Fo T I R—R (FT7F o) EE (EIERE. BiINRR) . KEBIOVDEAEROY 7T /S A ADR—
RIEDSASD | Fe 55 VO JE I

DB

UVT5T 4T 4—NR~E(mMm?) : HAEN ) — R TOVY 75T (5B D 7 VAT T BRI E -1
2T T ERBIAER, L. B — RN TR A— B A 5 ATRENED 3 25 B AT T REA
EHRT, KT 44— /VRSHEIX ORTC BIEELDS KERMECTIRESNAZENHY Bk BRI XTI EE
ER RO A TERRTED,

BB R OB RS m—VERR, =L BX O a— UigL—F 07 BRSO, 7ay
It E e, T EORHRREEL,

LS i Ry

BRI Dy RMABE (dm™) 1 Hx o=t/ —R, WA 7V A7V A4, BIE T n—T BRBICBT S,
S A= VBT D ERINER DB D KK DHK,

B/INTRT <IN KBRS CREVEFEL QWD 7 a AT u—28B11D, ~AZEOH (rYy
7)o

BREMRER (MM)

P EIIFTEFRL NV EIIESOIY=—2 N Eifi IC 7 IA ¥ KRR AT D)= -z —nD
L, 777N AT 7L — g ITWG 25D ITRS A7 BEEIL, e/l A 20K 7 =—/~N ZZ—h
RLERE ISV TS,
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BRI ETET ANDOEIE

BREENV)

BRI 7 Vg RFHEBREECOBIEIZEET 5., IR LD T~ 7 Al BT,

b= OB AT B ERE DB RE (W) SRt —b o & 2 - mt e T v 7 Tl S D i Kh—4
JVEET,

EFMW): EBUEE T 7 kSN DI R —2VE ST,

BEBLOT AR
BT AFDIANEY (SKIEY) 1 RIEHIICE T, (T 7 i) 722 S i — 0
LTSI,
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