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6. CPU LDOMFLoIREEDIETE D
Transistor counts for integrated circuits plotted against their dates of introduction.
The curve shows Moore’s law — the doubling of transistor counts every two years.
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The complexity for minimum component costs has increased at a rate of roughly a factor of two per year...
Certainly over the short term this rate can be expected to continue, if not to increase. Over the longer term, the
rate of increase is a bit more uncertain, although there is no reason to believe it will not remain nearly constant for
at least 10 years. That means by 1975, the number of components per integrated circuit for minimum cost will be
65,000. I believe that such a large circuit can be built on a single wafer.
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Roadmap for Semiconductor)E®RL , K [E D8 K pE 3 D fAE G 4 ) O [EIE) & | K [E BUR D BUR
DA T b BEET D KEOKEIZLLKEDOZD OIFE TH o723, BRICHEHERR 2 DIZH
JB U7z, HNEICIE 3 T LITHRIEDS 0.7 (5 L7208 KB T2 ELT-DITZ T IUX R VN, ZL
TEDIDRIEBEMEREDN L ENZFELD T2 DT, PR T A G A— T PEEE A= M B A—T

ST A LT Wish Map T,
AT 436 BAET LI Wish Map TH% 1. BRIk KER OB E R AL,

1:!»—]\“7\‘/7°0)EE’~J I 11 RS ATVD F—F DR E,
R PE Y ORI R IEA B S LT — Moore's Law, 3 4/1 R DOHF;

5*7‘)%0)5&%7&??0“(1/\50 ZZTED E 2. YEERFFREA—H—D "Wish Map”

HEREROEMMEOCRRLIA-T OEA |5 o xpgmm e, Lo End Products bbi

(Moore’s Law) T 3 4/1 AR OHH AL Dt LTV,
BAEHER T AL A ERL TS, ITRS 1173 — NEMI Roadmap
ARRA—T3 D38 AR F - BLE H AT O fF R F oK

DB EFEDEHLOTHS, BROYT 2 TIX 11. ITRS OALE S

~—yhE LT ENMICHEL TS End
Products ® Roadmap (NEMI?) EhE#EL TR, TOHER CICKENTWDHEES b TVn5,

3-1.  ITRS OI& &) LGk
ITRS Dk LM A THHA, ITRS TR =R~y T ZAEL 2 OFLRE T, 1 12 (ISR L7k L
iio“(b VH, ITRS Zarba— /L L TWADE IRC: International Roadmap Committee TV . KKK H
BO 5 MOMRENEFED IRC 2L TWD, IRC @ FIZ ORTC: Overall Roadmap Technology
Characteristics 2380, 5o O & Je i O 38K E %787 L ., Report Z#F L& IRC IZHH T 5,
ORTC 1% IRC IZDH E L%, ORTC @ Report ONFIZILT NAAD I/ HiEEE e ERE N &
EOLINTWVDN, ZHIUTFERF T+ -IEA—DHE LD Web, il ESF SR ICREBLILEEL

T SIA: Semiconductor Industry Association (USA). http://www.sia—online.org/
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HAZLTWA, IRC 1 ORTC O &4z, BfE
DY-EIRFE T DI ERE L., BLIEDFE I 0GR

IRC: International Roadmap Committee

ESNDHEL =T OIEANIHENT /S A ZADHRIE & HORTC: Overall Roadmap Technology Characteristics
BIZESNDENHBRICEH A SND, £ IRC 1
n— RN~y 7 OIEE) 520 E T 5, ITWG Lithography
IRC @ F 2 16 @® ITWG: International System Drivers Design Packaging
Technology Working Group 2##kSAv. £ HY
RRFEATD. ZRERO ITWG (o 5 b | ereemeet rest e
MZ RS IMLERICSINT 5, ITWG IZEZ0D Factory Integration PIDS Metrology
ik BHIE Cross Cut EFEIXNDELR ITWG 232N ,
B, L Yield Enhancement FEP Modeling
TORBPRESI, T2 Tilgam 9 HIEIZED T
DEbOE, MERRE R EEL, Emerging Research Devices RF & Analog/Mixed-signal
Technologies _for _\Nireless
3-9. ITRS D& RE T )IE Emerging Research Materials Communications
BIFE1Z. DRAM, Flash, CPU, Logic ®Z %
et S A UNE DR NS e i Ty AN e 12. ITRS il ik

I¥ 32nm @ DRAM DA FE MG A FE R LT % x DA RINIZIEHREZED , ORTC MIEEMELR DI HIC
FLH D, IRC OFEF XM B TZD ORTC OEEZ TTIZL T, 5 D FE I FRIE)Z K k- H - B -0 5
mT#EmL. S ELTGRET D,

WAZ, BLE D FE ) FRIENIT 3 LTI ICIEE DB W DRI DT SRAREAELDE S IR EED
D3, ZAVIT MR BB CHLE OFRIE I L CTHUZ 3R ITHRIE DS 0.7 (512725 J5 e Bl % 5 2 Tt
B RTHD, 3 ETHRIED 0.7 (FIC25D1ZL—T DERIZOLDOTHS, 34T 0.7 512725
DR ZH 15 F M ELTRHEL, 15 4 0 EREZ1ED,

BRI OTHVIE T L IRC IZBIEDFE ) ZOFOLEEFETOFELLTROLNI
EERIEZ  BBET DT THD, BENREHEL—T OIERGE ET 0.7 [ OMAITHEN, 172
I 15 £ OKMEE BB R L Ta—K~vy7E7 5,

ZOHE (BAIAL) & E B T 27212 BV IEZ OO AL 32l S D R Z) R RIS S L E DD
HimaZ DO O ITWG: International Technology Working Group Thah 5, ITWG 121X 5 # O FE
BNEFEDLN, BT L TUIKMRIZ ITWG 2% 95 TWG: Technical Working Group 3&Y ., H 7R
—hLCW%, BLSEIZITEE b 23 A 8 [E 05 15 Tl Samsung X° TSMC O E RRZE DO EEL MO
HERELTEHALCWS, HARTIET AAAA=TOEEVTHD JEITANZ STRIFEWVIRGE R HY .
[TWG IZZNZE IR T2 WG 28 S [TRS LW LG8 217> T\ b,

3-3. ITRS &k
ITRS TIE IRC 254 ITWG IZXf LT, #iRLE I SBR[ < [RC 77600 % K|

RBN CEEE R T ORIELTNEEVVEEEE R %ﬁzﬁf Ky
o 3. (EpEAPE S

I ?Eié?rbéo B ‘ 4. HRHSH— (R
VY7574 1TWG ~RENDLEREBIMDBE. 5 Cost of Ownership

TAVI MBI 7R S ERF A R L TV DH D LRI T,

1

13. VT TT7 4 ~DBER

T?i?f)\ E T MM ¥ W< . (JEITA: Japan Electronics and Information Technology Industries
Association)

*ﬂégfﬁgﬁﬁfﬁﬁl\“’?*‘/7°i‘i}|3?§éi%\ (STRJ: Semiconductor Technology Roadmap Committee of Japan)
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BIZRTIDCHEFIC T NRBERTHD, BERIZZORINZZOSTEERB LI, 2720
ThbD, ZIUTKLTITWG NES Cilgima B, VT I774DED T IEEME I Al HEME DR H DD, T O FE
DR LI ST, A 7T RL T2, 2L TEDORAG I E R H D0, 58 B
AT LR STV, FRERHNIEENOZ B O R ESDIAICEED ST L Ta—K
<~y IR LT, ve—R~vy 7 %2ED,

iR IR ENDE, M EDORERND Overlay EFFIEZND E QG D OKE FE O e A R A 2352 08
D 1/3 THDHZEN G o TVDHOT, fHHE CTEHALD TR E O FEREE1ESD, (1/3 13X Logic DE R
T, %l 925728 DRAM TixboLBiLWEE N E RSN TS, ) [FILEAICIV T T7 B REND
BiE(L TXHHOIE, M EORBRNGIZEAL BB RSN, BE L TSV RS EORER
HTRNEH kS,

TR R A LS SO W B A9 L SAE e D J7 15 CURRAG 71 030 /& R 7270 B &L IRIZE D EZ DD
BN L

FEEcOZEDML D ITWG THIThiLd, B 2 1L FEP: Front End Process ITWG TiXfHi{b 23 dE1T
THE EOVARXTORNTI U DAL O REE R K ET D7 —MRALIEOEINBL R A R E523, ]
AL DHETT 32 &7 — MR AL I O fiz 3 15 )2 23 < 7e 03X € BLEA) Tl b, ZORH (7 PR
AD/NSERDHLRESICELIZIF) ICH LM B ZE AT 0 ERHTHRLOT, n—R<wy /I3
R L TR BEIRE R 21T, e =R~y 7D ITWG DAL AN—IZFDH B OHEMZE TS TW5
OT, MERETEROT TENRVDOELEFF>TRITIEOLND,

3-4. 12— R~y 7 OfE
[RC THEMNMEFOLNTFF AT ED IRC OfEimaiRVIRVIREET 5, TORFIZ, TAEIVE RN
B S AI L D A TS 2 3 O ICH TSN TWAZENREND L, n—F~y 7R IESh- L
VIOEWH T 5, KR T ORMAL T 0.7 5127250 % 1 HREMFESZL08HY, 1 HAR/3 F 03 A
—T7 OIERO— R THL, 1 AR /2 FE0 2.5 FETHIUTNEL TV HERBLEND,
4 Fr—Rvy 7 OMREMRIEDMRBE I EEROIAIL T HFELDIZLDTHD, 1994 F- iRk D

Transition of ITRS Roadmap

2001f2002 2003}2004

Year {(nm) 2005 2006|2007]2008 2009|2010{2011 20122013
Technology
130 90 65 45 32
Node Update
SlA 1994 Generation 180 '130 100 ?0 B0
e MPU Half Pitch 230 160 115 80 55
Edition Gate Lengtn | 140 100 70 50 30
SIA 1997 DRAM Half Pitch 150 130 100 70 50
e MPU Half Pitch 180 160 115 80 55
Edition ™ e ingn | 120 100 70 50 30
DRAM Half Pitch 130 100 70 50
ITRS. ?ggg MPU Half Pitch (160 115 80 55
Edition ate Lemgth 5-90 85 45 30-32
oramHaiiFieh | 130 1115 100 s0 [ 80 70|65 60 50|45 40 37 [ 33
ITRST _2000 MPUISoC Half Piteh | 150 | 130 115 100 | 90 70 50 35
Edition caetergn | 80 | 70 60 ] 55 ] 50 40 28 20
pramHuaiipich | 130 J115 100 s0 ] 80 7o | 65 [ 60 50 | 45| 40 35| 32
ITRS2001 | MPusoc Haitrich | 150 [ 130 107 90 [ 80 70 [ e5 [ 60 50 |45 40 35 32
SoCGateresizt | 130|107 90 | 75| 65 53| 45 40 35| 32|30 25) 22
ITR??UOZ socGatelength | 90 0 75 650 53] 45 37| 320130 25]22]20 18] 18
Edition MPUGateresist | 90 | 75 65 | 53 | 45 40 [ 35 [ 32 30|25 22 20 18
MPUGateLength | 65 | 53 45 ) 37| 32 28| 25122 20]| 18] 16 15| 13

14, m—R~y7ZOhE 10
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n—R~<v 7 Cld 2004 12 130nm ERSIUTUWTEAY, RO 1997 F il TIE 1 4 By 2003 45/130nm
WZHTAEILIZZR2Y, 1999 RO — R~y 7 TIEEHIZ 1 A BV 2002 4£/130nm (272572, 52 2000
4 Update i TIXZNIVHEEIBHIT 1T HEF UV 2001 4/130nm SN X7z,

2-2 TR, NEAEDZENATREICA2 U, IV EWEA TIEND LT eoTol b Bk T
%o Y COERFE - OMFE X, FCHEEE CHIVULTEMIZIZIZERC TH D, it/ hS<IEDTD
EDFRE TR AVE, U2 T30 FNE N2, /INSSAEDEREND DT, A A I A A% 55 5+ 7 e %
DI | AL EF O LI/ D, SHIZ2-3 B TR A_7I0IC, b 5L R CHLDEESTH, HERE
23 ELSHICHEEG I3, R LS 3 7 A THHRETEH, — B THERL, Al a7 R (& H ik o
FE R E OVERE DB IE CELMRD)/NSAEDBHI L) Z A B, B L IXE DI S D KO 127
Zals

3-5 11— R~ 7 O NNE O g E

130nm TIEMEIE 3 - TELIRE BT Thbd, 2010 /1% D 70 nm OHERBEE R THDHE S
HERIRS>TWD, ZORNCHEBEA—DITE S DEZATEZ TV 2B OV A7 LN R o
T EITHIN T A FEAE BEPEVRON TS, ZAUiE s R b e @ R A R0 T
Do Flo, ZOINTH AN PR DB OB A DOTF ATV EE AL A2 D,

BIZIXVY 757 4Tl b O 8K FE 2B T D3RG kI nsn, 3<ICiB
TIBARRL, FTLWKFRS ) O @ EEE N E R SNDZ 82725, 1985 R4 121X, 1 #EFE T 1,000
B RSB DOIY =X D o7, Ll feill TIREBEOAEMENKIEIZH EL, V—/1LVRU A
RO ~—/ry b, F /T 500 5 &2 - T 300 A, 2009 F120F 200 BREEIK T Lz, 20857~ —
7 hOAR BT I T B AL 23 7 ISR D DA, 85 55 i 3 i (2B <l > T D, Bl T
X1 BERE DA JE R FHEPE BB 100 BICHm 7o T 5D, #EEEEE OB RMEREILE ~ @<
DR R7BA R E SN U LR — 5T ARG AEFEBENRY, HEEOEHNMEELD, Z0
fE R EEOMASITEEL ., IRFEDOVAZITE KT 5, —HF CTHEEMHDOR ELE O TOHGEREN
00, B S O | FFEIHN S T O RE AR R AL E O BH S | AT S A R DB 3 B B
DO IS T HIEICKVRIEND & FE ETOMBMEZ TR D E 2l b &, IR E OB Y
RPN REOGE AL T HIEENTR0, WEERRRICEEA—IEmL TN,

36 =av—IyiA-/—FK

Roadmap 23D HNLRBIMENZENRVDOE B ZHEDDHIDNT/RDE, KT NAAA—TIr—K~y
T B ICARNERBIET D, EHIT, RITITH G A—NFA L THHZEFETaTZRL —a L TED,
ERELTHMTL2ILLAIRE TH D, R DI, TAA A /NSUNELONR L 2D e ER 2K
THAIE DAL — K T i T 58 D FLIEL LM T AR E A TS,

IS WZARLIED, | W), R— R~y 777 /my Bt = Node = 222
— /) —REMIENDN—TE YT THEBICERIN
HFHECHAMLER L, n—FvyTo@mpie  * Technology node
o3 LA BOHIME O B b SV Y - 172 Metal Half-Frrch
BEICR 255912725, +5L@HF Commercial node +  Logic node
EMFIINDE G DR WERDMEDNIAOTZDITY 1/2(Printed gate + 1/2 Metal Half-Pitch)

RO THD, o, B FEFTDHEIT, 2D/ —F
EVDbNTWARIEZ R THEOERZHE T E T
THZEN T, EFEIE 50nm /—RL)7eng
D% 40nm EEHL, Wb mEEREICH Z 2, ¥

- Commercial node

15. a~w—I v/ J—R
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DEM NI ROHIDNTR A BRI ETHS,

(EROP T AE)—aV vV TIEHED ETOHLIORAUIRERZRD AT —DIFHNE Y T %
INSIEDRL T W R D, EZANT I /0y — ) —REEE AT 5L Logic OE YT (3EE M
KERDAEY =B L TH I AENL TWDENIC R 25, Logic [ZATV—LVENTWLEE DR
HDONRAE T, Logic node EWVVIOF 2R ER CTEMMEEZ ERELIEZELHD, TNDBEVIRSNDEE
FITADTEHELTFORWHE AN ACEEEL TLD, ZOMRFELC LETOFEMNPELIRD, FHL
WE B RINDINTRD,

3-7.  ITRS OB ELDOTEHE

AT ICH IR 7223, ITRS (T8 R FE A ERA— D OT 4y a~y T T, ZOKEOPE T ok A%

fli T D, 16 DI, A4 DI %

FELTEZICWAhDarvrh2AEk L5, L . HAZ P EARERORBKEWEREEZHNE
BT 0D 387 12 b LT A7 23 2 12 1 A THK Lic 2= hORE

MR RIEEDLE, 22O A BMICEHE 2. BUIIR G R E 7 IS A—H D “Wish Map”
ZLUE 7, 34T 70% DAk LA 224 T . A50EHEZRE (AN ED)

O TEHFE S0, ZLOR 1 FRRDE 2. ZZinE Moore DL, 3 4 T LIZ T0MD AL A3
FOHRDEIBEL D, NS, @B, Bl Ak fes

BT 5. 2O, B RV OERES L hse RS

Lo F T LCHAEAEL I E R R I 3. Roadmap D3R AHAA L L, HHF #HIT /1T T
RO R L TH LKL BE LR D H N 218 C (TSR B RS A B R AT L R
ERSE M ELRBE R

PE T ALIEFICHP T, BL3ELED
FEEIZ LR Da~v—T vl J—RD X557 A
LRI TN VG oTz, L L

16. Scaling Equivalent

IRC:
BARERBERTHENILTS, FEER % International Roadmap Committee
n— Ry ZEVIZHAI LT D2 e EE L < e ﬁ Q
L EEERERBK TRV T A4

NLUREWbDFH LWERE AL, TN C:D Lithography

AADRHEAL LI 1T TV AT ERFI S AT Lo & ITWG

Lcuos, @@ 5
FEERFOFETHREOESEZTE Japan

—LTCELZ LT, BT 500N E LV STRJ

KT ORI E2 5 LR T BT ik Wes

Thy, IS LD L% oM R L, 17. ITRS Lithography Chapter

KR ROMES LB TIFRLLTE

O TEHER ThHoT-,

4. VV7F74&1TRS

ITRSDVY 7 Z7 4 DEZFNZESTHID UM< T 5, K 17128 T X912, IRC Tiim Sk
ESNDIVY T 74T HHBIXT AR/ FLZOEBEH THY, 2D 2 SDO¥E
72028 IRC 755 1ITWG (24 REND, ZOEIL Top down TRV THKSDT IRC & Lithography
ITWG O T 13 1FELE L2\, Lithography ITWG B WM I A RO TWG 13D T HUE %2321 C
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EEN A6 T %,

Lithography @ ITWG 1ZZNZZITIED T, FMOE RAMER035 ITWG THEL, 2 £
ITRS Lithography O &E & (L EIF TR T2, VT TIT7 4 DOZEOFZED LEITKE TWG 753 T
BV TF7 4 ITWG @ Chair BDENTND, bHAATZZEENTIEOKFEIZHLMD, H AR NDOIGE
T TERBD LELZRDRNFT 20 JRBIIK K T5ZLITHBEAA R THL, LT IRBEREELH
THENELD, HEICET25RAIXRVORER, N WEBR RS I38GE T T 2008 LL,
FHIUIFAE R, BT OB ENMALIL, ITRS N5E K75,

4-1. ITRS Table D 1E A%
B AR 72 Lithography @ ITWG &M D TWG D1 F D UNE DM Lithography Table DERL TH 5,
VIR LR R TVDEIIZ, IRC 725 Top down O HF 1352615, KM 18 T—F LIRS TND
(MYear of Production, B, Timing £ Z D& D @DRAM 1/2 Pitch (nm)B 5 2 5N 7-8fl CTh 5,

O DDF 7203, DRAM O F P F£5E CD Control &5 Contact DK EXED Overlay Evo
TR ERMEIX, BT IZ T2EENRESTWVDLOTEGIZFHE TROLND,

ZOBEEEZDIEITARETHIN, ERNDOa P ADEE THY, Cross Cut EFFIEIND
Meeting OHI T, IR T2 ITWG M THELAEWERLMET L, WE T v 20T 0GR THRRD
ITWG ICELR MR, B2V T T7 4Ly F 7O ITWG [H] THAERE L D~ — 2 A &f
W] THT DO ER TIE, 7 AL ITWG BILE2 VY, FEP & Lithography @ ITWG B CTEEL A VWAT
DR EIND,

EREOAIZEL, 5,6 R1IZ, DRAM O 7' mt A THE R EIS Overlay 1£ 30%C72<, HLHEIZIL 10%
IEWE=E 2 ITRS DUV 77740 ITWG
Meeting @iaﬁbfco WAWALERR DB HY ITRS Lithography Table
(B3I 1 FEESHOW OB 722%) |

Table LITH3 Lithography Technology Requirements

A 0 Z ‘ear of Produetion 2009 2 2i

S E'/j 3 20BCHED LT ol T2 e N ] IRCAETop dovn

T I Ok D HORBV O <, T T ikt
"7““/\\/1’;()(‘—717 Lv— kofﬁ\gfig;ﬁﬁ—&%iﬁ CDmw.v;m‘riffgmmrmm[ﬂj 5 4.7 Design. PIDS, FEP

o - % £Cross Cure

,f i /fT 73)) Z)) D% é h 77:—‘ o — j/L/ Z)) ITRS 0) Overiay [4] l‘_‘sl‘giirm’:’mm 10 9.0 8.0 %]%Eii&)éq
Roadmap TOikim DA CTHD, £ DE K e = = ot
/G‘ ITRS «C‘ j: g?) < \i "C‘%) T /\ /I)X )< e j] O) ‘Fiasrz piKCJJ (nm) m—rwfracfedpaha | 38 | 32 | 28 -

“wish”map 3#&imSND, T /A AA—=T 73 - MEORBEHAHAFE TV IO TEMMITRED,

” oo et . - BEROBZEERLTRD S,
WML 2 VR, FOEENTREHIND, @ - ERWEEBRT SEMILAA - Potential Solutions
#13 Logic £ Flash T Table O E & « WELGALISBEDEREITS — Difficult Challenges
Y S L T

SER T D, ITWG N H FMEERETEXHDON
FOHEBAREN, EEELHY KREREFIX
HLWONRBRTHD,

4-2.  Table ®fa, “HR”, “¥E”, “AH”

KiTr—R~<y 7 DORIZEE DI 7‘5?15%@%60 A MERTNITEMOEEER T, N 2TEE
T BT CICAHFETE T D AICEBY, E TE TRV B W TR T EBFEE LRV ERS AT
Shb, PFEERRE T, 2FICTIEHHD3, ﬂ}ﬁ”ib FEWRDBOAR 7 i 246 i n
HRTLEIGANDD, TORIREEOOMICBII RN TECND, 222 GICBDIDE i
TLHDLTEN, ZLOHAE BLURZOBWETH R TS, BiviF R TV H T 72 o735 T
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BB OBUEZRD  BITHBICANBELND, BT O#ER CEANIIROFLHLHN, £INIH
B ZDBDIE, WOLBIEDE N BE ZIZHINDOHR B RENLHETHD, 2OV HE I, Bd
IO T =25 AR5, £72, ITRS DF (Table) DMITEDFL I, fa L 128 DT H O
EOABND,

ITRS M# (Table) Z i L T DL, HAFANICARR R Y257 HORFHINDILE DR B HE -5
27BN BB D, ZHIE RV H OEE (Red Brick Wall) EFEA TV, BED A>TWD— DD
HTHRBONIZBDE RO LA LRIL TN,

4-3. Potential Solutions:

R D (LB REE A0 2 T2 M I3 a2 R 328 ThD, 24D Potential Solutions &)
T ENEND ITWG TRARSTZFEM T IEE LD, AR E T LZR T L7225, FK
PRELL 72 DL, R DEAT TR TER<RDD T, TORHIZE DR F M &2 Ml L TRz h
IEWVNTF RV ZiEim L ORT . X 19 128 HT @ Lithography Potential Solutions 2009 K& 789,

Lithography (ZIZfEB /1 LWOIEEICHIERER 1 HD, a2 NIV 7 TT7 4D E | ffE
T ORI LR THL LT IZH A TRED, 2720, 2O LR R Z 8 2 4 1 O E R
BoHE, MO IR T DRI D, ZOM R L FICHIA 58512, EFREONL—/VI33EH
WCAREZR IDIC LR 2723, B BIE R ARV IR > THDE fE RBVIZIEF ITWOWINIRNIZ > TLEI B

(BN Y AR AN

19 @ ITRS 2009 @ Potential Solutions DE A HFIZHDHIRWVERIX, 22026 F Tik, ZHEVHHE
WE Y F 13 TIEUI NN EE2 R LTS, eaff Lithography Potential Solutions
-77(193nm T®)Solutions IFTHVELWZ LA ITRS 2009 Edition
TB, LinL 16nm ORHMOFHE 193im v | e
HAaEHEM O TR RINBY, boiLiklS '
HERELN TN,

ITRS 1 RSN CE DRI 72 8 i 2 ¥ fi 95
M L TWDIe) | m— R =y 7 OIS 1D
Potential Solutions |3 i &AL TV D, X 20 (Tr—
N~y 7 O im A EERAIC2 201D 1991 412K E
OEWNMITIZITb L& 28 1T 5 Potential
Solutions T& 5D, ZZTlL Potential Solutions Tl

M.Kameyams

19. Lithography Potential Solutions,
2009V

First Lithography Potential Solutions Diagram
LITHOGRARY 1994
TORDMAD & - MitRD TECH 2000 NTRS
w — §YR DEY
;:5&‘ 16 razeam
81 3
g Lithography
ml TR SR ¢ Potential
- o & Solutions,
%’V‘—’—‘ Ae o) 1993 NTRS
e ot e
.{m -.w.:r :-F. -
f v — I e
%0 'l'ﬁ_ v lﬁ = [—iad [ et sy
Sourcs: Dav Pambmon M Masioyas 22 MKameyama 23
v =] . H . N N
20. s 4D Lithography Potential 21. Lithography Potential Solutions,
Solutions, 1991V NTRS 19940
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1994 1997 1999 2001 2003 2005 2007 2009
NTRS NTRS ITRS ITRS ITRS ITRS | ] ITRS ITRS L 1mm

200nm
-] ‘ A
3 \1‘30@20011
1 [ M A
> Z > 90@2004 100nm
Tt T \,Ll:
T
3 El z B
o _—3 i E| 3 £ 50nm
e o
3 B 2 Tz b
3| S = ,5 3 3 El I-IC-I
2 MNEe BEGE o5
____________ sSEH— S =|5—=— 20nm
____________________ > - [N/
% = o
L -
10nm—111@2022> 10nm

22. History of ITRS Potential Solutions in Lithography.

72< . Lithography Roadmap &3 E T35,

1994 4R (2725 L X 21 1TRT, BELZE DB Potential Solutions DIE R/ > TS, k1T
AT COEM I DR S, FT 2R IR T HERE I RSN TNV D, BITELZITEN, DR 2 DYV T
FTAOEMFENEFY, BREZBRDELOT, ZOEMITFICAZTS, LoL, RISRT LI, fF
KETRTDOEME TITAR,

Potential Solutions IX ITRS 2MRAZE QDT LICEEZH#Z HILTW5, £ LT Potential Solutions %
YEDDIZZ DI 2 O OZ O OB E BNEEVER L TEY LIFThd, LLEDSBRGE
THE, ARG o TWRNWZENREL W, ANALEEZK 22 ITRL7-, 1992 FOu—R~wy 7%
RAE, EOYEE A EW T, ORI B2 LTV 180nm KVl 72 /3% — 2 TIXArF O fi#
BIBRA L2V TET X MBEFE—L2HE N2l LW AMLETHLETHIL T
77

B 23588 L. ITRS @ Edition 288 e12-24C, X 22 1278918V . Potential Solutions TY; 234
LI DMEMm L TIT o7 T2 MR TED, ZOII R BLELITHE W D% IS LT X Lk
M E HILTHKTZ NGL: Next Generation Lithography EFFIZILDE T 2314 AH LIC7AR2 > T\ D,

RAIDBENTET ITRS TIEFICR IS REEmma L TRk, LxL, WObKMRIEA L, NGL &5
LD LN DEW TS E T THE IV TH% A LI TR 72, Potential Solutions 2324724
AT CTHHELEL 2> TELT ., BEOONLEL M, AT ENI &, B RPE S ITH LUV
M OBEANRTFHTHY, ERELTHLWHEITEZEATHEA 775G D TR BE N L
RHEDT, NN EDLLRNWZEIZHETHY, PENY -2 THWHEIR P IEmEIn I &, Fix
BT R&EZ LD THD, Potential Solutions (X ITRS DH THE SN RKENDTIDOHKRD 5 &,
6 = CTHHE#Ewm T D,

4-4. Difficult Challenges: K #7273 &

ITWG TiThndb) OE-D D E 723 i (2 Difficult Challenges &5, VY7 T 7 4 K TH 72
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Lithoqraphy Strateqy Selection
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Strategy ASAP: Change wavelength as soon as possible.

QCL/T\ %@Db\&i F2 IZLTEB %f{/ﬁﬂ@i%ﬂ% Strategy ALAP: Use one wavelength as long as possible.
RO H SR TE B TH A LI RIC, TAs R IR I A
soon as possible] TH AT ZEYNZEIEVVHFRZE AS’f;epz’gigied
ZLTCW5D, ZORF R T KrF 238 Asin7ziX 2003
. _ ALAP proposed

2T ArF DIBITEEBE T —~ThHY, 20 —
HERIEHFIE B 56 H5 0 0 A AT 5TV B, I

fith 5 . BL3FEIX[ As long as possible ] THEi<, Prgfaissgé-g:ain / KiF /quimﬁemior_':PliEuvl/
4§b\ﬁé@fl&%ﬁf@ik%khf§b\O<j—o L’?E;D 2009 / kiF JarE immerson " e )
RETETHSIZEZITH, VAZOHLH AT IXE ——+—+—+—1 |
ZENBET AT TEE O TRIKDOEE &K 30. "As soon as possible"&
INRIZT D, TR ZBRTHEREBTHD, “As long as Possible” 1012
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LI LI THD, 2L T, ME T DRk
X 4 % O it & L T Potential
Solutions IZHRIEHE S TWVALDTHD,

WERCR DL, EiFHTELTHE TR
7=t DIE A 70N, X—ray ° XPL 1% X #p%
REMEIHNMELT EUVL LLTA T
Potential Solutions (2% > TV 5, EPL,
PEL, EBHT, EBDW & ML2 &4 &2 %
72030 EB B T &L TL oD & A & 5%
2TND, BHEWDHFFE B FE D IF 2 S8
WEZAENLTELSEWI ER O F AR
BN TWDHDIEEE 2D,

6-3.  HINELCEBICEHEHINSE
DITIE

32 @ [a Winner of Lithography J&u»
IDITEFEBLG I8 ASNDH DY
VTTT 4R LTS, FEC A AR
BB AL OME— DB R IT G 215
LD ThD, BFEBANTHOICREE -
W SR DR TR WES B o T
ROIRVL ., B RBEIR TEHTENIFEGE
SN TWRIT IR0, Bl A pk L
TNWTC, BETANTE AINTFE, 50
FRIRUACEN 72N E72 b7y, LT » T
MBELINDHAI TR T EER SN
W, UV T ST 4TIV AT ENL Y ARD L
VRA LT ITMEALIMNEINPE RERE
RO, HiBA YL EESNDRE A7
TNZEHLSTWVDIRMEIEDTZDIT,
Roadmap T K ERE WAL D,

U LD 722 AT RENE DB D H A 23 H C&
=5 AEFEMEED COO DIV NEIRS
nEbns, EBLORREMENFLCTHI
X, MR PER B O Rzt W O
BRI, EoTe<HLOEMTNE AL
5. COO RAEFEMDIEMNITE: K DPLIE

Other Options: Past & Potential Future Solutions

| || || || |
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31. 18 K OB LA

To be a Winner of Lithography

The First Priorities

* Resolution
« Bottle neck might not be allowed including infrastructures.

¢ Maturation and stability of candidate is important for an actual
volume production Fab-line.

« Do not miss the timing. There will be only one chance to be
selected.

The Second Priorities
¢ Better CoO
— Productivity / Uptime
— Cheaper resist availability
— Cheaper mask availability, if necessary
— Lower operation cost
« Fewer restrictions for devise design and process are welcome.
¢ Better yield
¢ Simplicity
« Extensibility, Image Quality, ..............

32. BFEICHEASNDI T T7 08 D&Mt

The Decisi
¢ The choice of which technology to develop is a
balance of:

¢  Technical feasibility (and risk)
¢ Potential market (ROI)
« Infrastructure available (especially materials)
¢ To understand the importance of these factors
we should remember —
— X-ray (mask problem)
— DUV introduction (tool useful years before resist)
— EPL (Timing, Fear of isolation)
— F2 (resist and pellicle problem)

i.e. INFRASTRUCTURE limited introduction

33. B LTINS oT2 T o B Al
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4-4 =T OHLE IS ITRS o i i Difficult Challenges and Timelines

Difficult Challenges EWOE FT 35, 22 Trd$k TTRS 20XX  20YY
Wiz BepE TS ORI IC AR 2 R ay R f e o e
Ty 7L TN, Issue A Milestone Lithography A
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—MV DV T TT 205D LR LRI i, Potential s lemt,, Eonii b
Solutions (& kD, €99 5& ITRS DT 47 L
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