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2009 “FE WGS5(VY 27574 WG)TiL, ITRS2009 IRDVERZ AT T, B AR RIS U 7= iR SR A
(Potential Solutions) DAL, KFET—7 VD RE L, 70Xy NE#)Z2 E %1772, Lithography iTWG
I%. SEMATECH 26 CHDY—4—D T, B, K, BN, #E, 550 5 20 TWG TIEEIL, F ==
ITRS Meeting % HHINZ#EiwET 7o CVVD, EPTEEICIE, 7 HIZ—RIOERISEZBREL  ITRS Sk~
DA N—DJRIBZE I LT, BT, VY T74BROFR U—T v ay 7 I S H B 5%
AL BB OBUROHREZ XD EDTEE AT 572, 2009 FLETA %D IRV 7T 7 4 LU TR RE
\ FAIALTTDEGHZHONWT DR, JEIR, LY ARDBIFENNET L2 > TV VD EUVL Hfit o pEesR s
IRV 7T 7 4 DLW T D a I ToT20 ARHREETIL, ITRS2009 D FEZRWNAFEIET, V7 F7 487
OBLREFEE F L, 2009 4EFEEOTEBIOMEZHET D,

Year of Production 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

DRAM % pitch (nm) 52 45 | 40 36 32 28 25 23 20 18 16 14

Flash % pitch (nm) (un-contacted poly] 38 | 32 | 28 | 25 | 23 | 20 | 18 | 16 | 14 | 13 | 11 | 10

MPU/ASIC M1 ¥ pitch (nm) 54 | 45 38 32 27 24 21 19 17 15 13 12
NA k1l

ArF Water Immersion

DRAM]1.35 |0.36
Flash | 1.35 ]0.27
MPU/ASIC]1.35 J0.38

EUVL 0.25 J0.96 |0.83 |0.74 ]0.66 |0.59 |0.52 |0.47 |0.42 |0.37 |0.33 |0.29 |0.26
DRAM|]0.32 0.85 ]0.75 |0.67 |0.60 ]0.53 |0.48 |0.42 |0.38 |0.34
0.45 0.94 10.84 |0.75 [0.67 ]0.60 |0.53 |0.47
EUVL 0.25 J0.70 |0.59 |0.52 ]0.46 |0.43 |0.37 |0.33 |0.30 |0.26
Flash |0.32 0.76 ]0.66 |0.59 ]0.55 |0.47 |0.43 |0.38 |0.33
0.45 0.83 |0.77 |0.67 |0.60 |0.53 |0.47
EUVL 0.25 J1.00 |0.83 |0.70 ]0.59 |0.50 |0.44 |0.39 |0.35 |0.31
MPU/DRAM [0.32 0.90 ]0.76 |0.64 |0.57 |0.50 |0.45 [0.40 |0.36 |0.31 |0.28
0.45 0.90 {0.80 |0.70 |0.63 |0.57 |0.50 |0.43 |0.40

X% 6-1 R=k; A/NA

6-2 VY77 AEHROBLIR

WEIZ, RSB T AREERE D ETOIRAESIDONALIS IZEL TWD(XFE 6-1), TDTD,
FEABAFEIE 193 nmuKIRIREESCHANTDIEAR L 4 5~ A7 % VN Diffis/ NS 2 N E AT 2 OGRS R S
HEUVLOEAZHUNZ RIS IV TN D, 193 nuKiRIZEZ AT O IEMmIX, Single ExposureZAish 25t
L AT NB—=0 72 ED | k<025 fEIRASEHLL, 32 nm hp, (21 22 nm hp~DEIEE B 5T HIf
BHFEIZLDHED BTV D, SMO(Source Mask co-Optimization), CL(Computational Lithography) ~H0#H
A3 LS4, Spacer DP(Double Patterning)id, Pitch Splitting DPIZ5EATL TARE TARIZE AZIL TS,
NGL(Next Generation Lithography)® L CTHIFFS41 TV DML2(Mask Less Lithography), NIL(Nano Imprint
Lithography)i %, WU~ A7 /34— Ziffg/ NSRRI 193 nmd DU NIEUVLO T2 iz Feiliz 54
T U CBARAM T TODAN, REAEPEBIMZIE T 20 EDOHIEHI T R TV veuy, X3 6-2 IINGLD
BUREFEAE —BITTURL,
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Imprint Lithography

Mask
1X Mask Pattern Inspection and Repair
1X Specifications

1X Mask Writing Time (Cost)
1X Defect-Free Process
Mask Life

Resist

EUV Lithography Maskless Lithography

Source Power E-Beam Patterning System

=180 W at Intermediate Focus With HYM Reliability Throughput

Lifetime of Collector Optics and Source Components CD - Stitching Errors

Cross Talk Between Beams

Resist Wafer Heating During Write

LWR = < 1.5nm 3s Pattern Overlay

Dose = < 10 mJ/em? System Calibrations

Resolution < 20nm 1/2 Pitch

Resist

Masks LWR - < 1.5nm 3s

Actinic Blank Inspection = Phase Defects Resolution < 20nm 1/2 Pitch

Substrate Inspection = Phase Defect Source

EUV Aerial Image Metrology (AIMs) = Defect Review Image Verification

Imprinting System

Throughput
Defects

Overay

B2 ERk 21 EERE

EUV Actinic Pattern (nspection Patterning Repeating Error - Defect Checking
Defect-Free Reticle Handling

[ veecs invention to Reach Manufacturing Numbers
[ ] needs 3x improvement or More
[ Needs Less Than 3 Improvement

X2 6-2 NGL OBLIR & iRRE

6-2-1 ArF IRIZEEEEAT (Single exposure) DLy

NA [FBEIZHRKRD 135 £7poTEY, L&S SV o7 Bifliza 37— Th, hp 40 nm FEENFR L/ D(XF
6-1)o LER/LWR DZER LY (XF 6-15), 7 VELORE IFIREL BRI OILRZ BHEL TE<D
B AN S TS, fxidlf OF —Y — R %, CL(Computational Lithography : &t 5# &Y 777 1),
SMO(Source Mask co-Optimization) &5, CL 1, Xt/ ¥ — | TR VAT AGIRIXIL, 2B a—

OPC & optimization

Process Co_ntrol
OPC |

Cbhu

Resist modeling
Mask 3D
SRAF _
Verification Exp. dose correction
| PEB temp. zone control
SMO

Scanner knobs
optimization
for CDU and OPE matching

(Source Mask Optimization)

"'II||'

Pixelated source & SRAF

|Exp. dose|| Focus |
| Pupil || Flare |

Iﬁberration Laser BW

Overlay correction

Lithography process
S|mulat|on o

Analysis & evaluation
Feed back

High order correction

http://www.brion.com/smo_summary.asp
http://www.kla-tencor.co.jp/product/product_s/PROLITH.html
[X|Z% 6-3 Computational lithography OHEE[X]
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Huffiol- TV T HERMEL IV T T 7 47 at RO 2 — R EMEREE THIL . OPC(Optical Proximity
Correction)LEE, SB(Scattering Bar) A5 A4 MaEL it L3 HEAT ChHY, v~ A7 EDOETD /L — 2 DERE.
PEREDORER A FEBLT 5, X512, 7 rEARIEIC I T CLZBEEL CHAREMESER SRR, #5
AEER DO~ T T REEEDBEBITIE VST BAFEB I TOIVTWDH(HIER 6-3), v A7/ \F— DFATIE,
Model Base ™ OPC LERANASE S, SBH HEWFEAEL | FEAEL T~ AT N2 — 0 O S A IREEL |
R G 2~ A7 AU T - TIRGET D, /~N—7EwF 45nm LA NI~ A7 O =GR ER TE20n
TR CTHLTD I AN TERTL2RENRDY, IEF AR ED, TR~ —D U AR RIBICIER T2
72812, IRBA(source)b ~ A7 b fill#1% B FAU L 7 /L AL CRrEFT 5, BB E 1T 7 L BBk S
TORRER -, w AR — NI T BV TS ND(T Y — T +— L~ AT, ZOIHZ CL IZXVEHHE
BAMEHE AT, BTCOL T v ar BT HEINTEOBR M T T D, SMO 1SR O
Bl&~ ALY /38— % AR i 2B T D, SMO Tl RS2/ RF— AT L THRB L~ A%
FHOMAGDOEELEL, FRFCEEb 35281280, T rtA~— 0 Ok JERE K> TD, D&
FEEE Tl RERBABEOK T2 ZERIBAIOIR, ME FXITERICEFRINTE
(Programmable illumination), HJE T2/ —AZIGU Tl il 22 &3 I RE T D, FREIRFUTIT
UNEIER G, (B & OFE SIS B DR G E O EIRZED R BN S HERIEINESC ER AW I 5 2 D BN
KEL 72D, EDT-OBIEEEG T — X TIAF, EVETLIT/ T A= E R Tk 3587z
B ABITOIL TS,

PPMs(Pixelated Phase Masks)FHINDTFIEIL, v AR — B 7BV HEATREIL, il 2 D721
(IR ZEA 52 T LU AR 7 e A0 BUWET DT L2 R EL | 180 FERTFHZED R NHL T~ A3
FHEFEND, 180 FEDONAHZEIT, 172nm DFEITF YT 5, B 7B LDH A XL, ~ A7 BEHROHKZ T
Do AT DEBERIHIRNT ) —T p—I~ A7 PPMs 1%, MIMIED @ a7 5 3 A THEESHL,
40nm hp DEHUHSTNDEE ZHINDHMN, IANMA, v AZREEEDIRAD D, IS BB TEHHATEL T
KL TUKIREHTHD, £2, WATL T, 2= DOFREHHFILIERL TUNVD, T /3 A RF— U HIHTC

Target

30 40 60 80 100 120 20 40 60 60 100 120 20 40 B0 80 100 120

Aerial Image # 1 Aerial Image # 2 Combined Aerial Image

0.5

0

200 400 600 800 1000 200 400 600 800 1000 200 400 &00 800 1000

Figure 2. Top row illustrates the estimated CFPL masks (black—-1 and white=+1) and the (binary) target pattern
consisting of 60nm features. The pitch p=120nm is indicated by dotted lines in the figure. Bottom row indicates the
aerial images for the individual exposures and the combined aerial image. Here N A = 0.93 and & = 0.289.

“ILT for Double Exposure Lithography with Conventional and Novel Materials”
Amyn Poonawala and Yan Borodovsky and Peyman Milanfar
Optical Microlithography XX, edited by Donis G. Flagello, Proc. of SPIE Vol. 6520, 65202Q, (2007)

X7 6-4 PPMs
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TR AUE, R HECRVEHSRZ W 2 2SSO AL HELHED DI QD (X 6-4),

SMO <° PPMs 52X 50 0 7 VB IEDIE M A3 35— OFRGHIFI S A A B D2 & TEBR D50 R
ZRIET D, REL— VB LI RBMRICHY . ZETHYY — T LU R T A ST L, EENE
IFRERRS AV TE T, B IZ LT > 7 Nk EHRIRIC KD U T IR E DD AT R % & o TR EHL—
Wb bl QO EMNREAFEE /2> TD,

FOTEE CIESLER A D EFIZB WO TERORIENAIREIZ /2> T D, AUV MO FESED ) —
PE, TIARAMREEE, BB RALE DO HEWE D UEED RG2S T VD, BRIREDIR N> T, v A2,
7 NDT Ty MRAERG EL LT > TG, I Z I MR— VOB TIIERNEE AX v PUICEZ HFE
(Focus drilling)bERHEILTUD, BEEEEEMITIE, 193 nm YEJROU B - BN A TUWD, fHEIERED ]
D7D DOE LD A T, JEEET 7| @b RS L, 90W (ZEEL TV, Eiz, 7RO
BALZERET DT DI IV AAR T IO E — VTR DIRBEAMT D EASILTND, T AL 2 E D
{5 1B B R O BIREA TS 8 S TUVD, B AR v AT — P OB FHAITFEI I IR D X D855
TV ——FEORDYIC T a— —Z AL, ERGhERBENSESIL TS,

TR TRHOSNAL D AR L P AN 2Tl FIHIOBUGIE RIADEHIFIBER O~y 72—k
DOBUGIR FITABU AT A EPEE FH S, SBIZhy 7 — R ALV ARDE A G ES TS, 1]
R AT O K Ml I A Ol 2~~~V ETTHRR U TIRIBIS AL, RIABREERITFED R~ % FE8
LTETWD, LY AMEEIIHMEIZ R TR L TVD, ERIRE R OIK T L P ARDEED 76T
b, Flo, v AV EED T NA ALIZHED Z RO S 725 Tvd, BARC( T &R LA £ S &
DI A IZRTL THSEE T 22 LA sRd B, PR (Graded BARC)XC, ZBIEE NSV BT /2>TD, L
VAN B RATIX, LYVRAME = ORI LT, LU AN — 2D F I MNR— v DY 2T
720 Tl LU AR ISR UIEZ R T Cav A NR— Vs 20 78530 20 o 7 3Hifie, TR
Ly F U7 AR T LER OARIZATHO BRABEEIN ORI ORGEI D EA TUNVD, LA RE— b
Bl DU T, HM(Hard Mask) DA T4 (2 SlimmingGRISEALER) 35 Z LIZBEIZ— it Cuva,

NI T NASm TSI OKE, AT ZIRTTIFRDT=DHERN O AW TE T N—T b= DAY 7
~ A7 FOH ATV AT DIEI DT RUOFERMERED GO D I D, FTo, K0k <7e b ~HES—MEIZ
S BT OB D AL AE N T D, TDTDHFHRD~ A7 B AR EASH TNVD, — 5,
BEHIHZI51T % Haze [ 3RS L CEN72 [ TEH 5, Chemical clean Hffil Xt A TiEv A H D OFRMEIZ I
o TR, Fo, v AT OFFEEAE(EM : Electro Migration)h UIXUIZEY _EIF B CWOBRIEE THD,

6-2-2 BT NE—= T i

TERDDEEBI DB AIU L > TOLEODJBD/F— TEREATH B, AFEICEH L T\D, H
FRIREA S5 2 O TRI-B IR OL&SETERLL . EO— A D) — KO~ A7 THEWY | 2 —FERE1THF
EIIHNT At a) 32— (Tip-to-tip) DS B2 555 IV 415, DDL(Double Dipole Lithography) 1%, <
ALY BT AR Sy EIL . Z U U7z R IRE VT 2 BI@ELEREITHH DO THS,
AltPSM&H H\MEICLPSM % FIW T, 7 —N@722 L ORI T A 2 /32— 95 TR T, R
BB — Fe RS D Trimming EFHEAVD B — D@ ARSI, FIAR R T o3 F — U AR
TIBMNT 2, UL, ZRHOEMTTIE, k 025 DIRAEBZHZETHRZR,
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Mask 1
- Mask 1 Mask 1

Print
trenches
and etch
Hard mask

Hard mask etch Hard mask etch

BllmHa!dMask
Substrate

Deposition Deposition
Etch back Etch back
Core remove

Mask 2

Coat and
expose
second

resist

Spacer formation

Core remove _ Oxide deposition
Etch
Hard mask Spacer remove
and device
layer Hard mask etch

Bottom
Hard mask etch
Dual Trench Dual Line Dual Line Dual Trench
Pitch Splitting double patterning Spacer double patterning

.

.

[X|5& 6-5 Pitch Splitting Double Patterning, and Spacer Double Patterning

ki 0.25 OBEZZ TOKE T N\ —= 78X, Pitch Splitting®Spacery 7 /L% —="7(DP)D
DOHHNZRBISHL TS, Pitch SplittinglL, 7V T4 T Vi2/\F— L H IR T D~ AV % /D7 &b B
TITHLD T, VI NVBHRDRR BT BT\ P — % — DO~ AT EILTC, iR ATRERE
FIZIEEL, BE—DL TV AMNE—Z IR HME N LT 5728 L TE — U ZEEL , IRVVTEH DLy
AR Y = B BRTTRIT . —ODFE NI — oD gD/ — B BT D, ZNENOE T, v
TIVBNDRIEREIT> OO THD, F—DOBHNAY—VEHMO =y F 7 TRETED D
LELE(Litho-Etch-Litho-Etch) & FH IS A, B— D@/ S — 2 &LV AN TFhreezel , 5 DL Ak
”i’*ﬁ@ L CEZ AL~ HLFLE(Litho-Freeze-Litho-Etch) L FE XA 715, [Al— DLV ANMI RO FENA1TH
H#Zt:(Double Exposure: DE)XFHIID FF1E/ R EDRRIINTND, A—Z&JERLL TV < Dual trench&

74 /%ﬁ/ﬁkb“@ {Dual line?¥d%, Spacer DPIIEZ L CIER Lo/ "\ — L ZE DD N FHIZ I T L7z

Mask 1

Expose 1

Develop + Freeze

Plasma/lon Thermal Crosslink
UV Cure Chemical Treatment
Mask 2
Expose 2
Develop

Double patterning: Freezing
X% 6-6 LFLE DP
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BRI EFANNEZ TR T, By T o 7l T, 32— ORES 72 b HlinEll A 7% L CL&S

% fEJEENCAEE T 5, ZORHEN G, Spacer doublingdh A\ MESidewall transferld FEX L5, MBS AT A
2B — b3 BDual linek, CMPHAITZ DL TRARL ThL o F 3 — % T3 % Dual trench?)3éhs
(X% 6-5),

LELE (X, BIFEDVY 77 4 Hiffi, i, =T 7 7 a A2 BRE L TR b X5 2 BEAF O Hiffo4E
FOITEMREL THOZ HZEH RS, bobt RERREIT, L LHIZED T B EART v 7 D%
HICLATAMIHD,

LFLE (3 LELE ® HM Z /1 L9°% TRRZHI S S5 T %, mANITERT DL VA SZ— % [ H D
AT - F5 - BUBALER I 2 5 91T Freeze S C HM E[RIZEOREREZFF- 1, Hi7clZL VAN EBATLEE -
fﬁf%kiﬂi’%ﬁ STUVAMIG =BT, Ty T2 7 TRT— R CUERT 5, 2OV ARD Freeze J7ik

ZIE, oD DIREN DD, UV Cure EFHINDREML, BEUE, B RHDOWNTIAA LB —LE DD R
1 b ALSR7 R R, TR E DN R RSN TCOA(KFE 6-6), BURCTIEieh JLFR M & {72 Bl
DTN A TN TN,

DE IV ANZ RO AL ThH—RIOBUE T/ \F — %5, DE (3482 Magic Material &
MRS DR IR EZ AT OM B A LB L 32, TERDIMENCIL, MG IO LA TEeun, R/
72322212 Ultra-CEL(Contrast Enhancement Layer), 2-Photon resist, Thermal reversible resist 2382, L2, =
OO EIOBEETIL Non-linear 724D FEHUZ—HTLA ERE 2T EL VEL T D7D EAIZHES R
UV BPRBR TS LR EEA RO TN,

Spacer DP (&, NAND Flash AEVDU—RT A0y s A TEDONDBAMILIRD L&S /57— DIERL

1st exposure

Overlay error CD error Exposure . . CD error
-HoH B B - n
2nd exposure
B |
. | Thlckness error

CD error Posmon error Deposmon : n
™ B l . [

Gap fill & CMP
i E e space CW . EEmEN
(Pitch walking) l . l . . . . . —
—— e =
(Pitch walking) _
edge_1=0OL_1-line_1/2 edge_1=0L —resist/2
edge_2=0L_1 +line_1/2 edge_2=0L + resist/2
edge_3=P/2+OL_2 -line_2/2 edge_3=0L + resist/2 + depo
edge_4=P/2 + OL_2 +line_2/2 edge_4=P + OL - resist/2 - depo

edge 5=P +OL_1-line_1/2 edge_5=P + OL —resist/2

Pitch splitting Spacer

Tco populations

[X|Z% 6-7 Pitch Splitting & Spacer Double Patterning: CDU & Overlay



QI wuimiin—twor ¥MEAS Fk 21 RS

(T3 L TV D, DRAMIZEHEAT, /by 35— 8 iz 72 b L MG T /A TL C& 72 NAND Flash AV Tl
BEIT 2008 AFEDIRE A CHRIR EE0D SE DRRFUTEEL T3V, Spacer DP A1 L 7= hp32nm D& 0D i 73 B
BESHLTUND, LU, Spacer DP [EA ORI TIKIRE L THIX TWD, T ARBEOE—MHIE, LYV AN IZ—
DB PR TEN TNODEEINDD, AR—ADHEIEL O IFE N N — o DOFEIEH X TNZ T
T RPEDAAEER D IESRC Ty T3 7 AN T.OIE L DE N AL CTHL 5, F7z., Spacer DP [T Hi—DIETL
DR TEZ2V N, NAND Flash AEVIZES TUIFFR TEDN AR HEL BT 208735 DRAM K°1
DI D= TIRREECHD, SBIT, 7$F—r DRFINGD D, LY AR S — L OERC Spacer D3RS
NI K= RO — 2 DB DPTERS AT 32 R ET 5 TRDLEIT 0D, ZORIEI TR
72T THY, T TP AXOHKREL RKOREIIAANI®H D, T EART YT DERL, TAT 534
THRLIETHD, CVD DT R v ar Tidiad, Wet 7 a2 G BB 5, LU AR —r
DEFENTZNT 2 5% T RPR R BUBALER | ARV AN R T L VAR Rtz JF g RO R BT 570 8L T
Spacer DP % X0 f#i{#/2 7 0t 2721 CHRITHHMIVHFLES N T,

Pitch Splitting (BT DT NAMAEDOE TE =L BT 5720, BARDBN TP ) E
FRESND/ A — DERADEEZEINERZL 0D, ZOTDIEF LW ER SO RENERIN
TWD(XF 6-17), FFiDBNEEEIZIBWTIIARRE T 3nm PL FARL TOD0, 7 e AERICER L
T IA RN =D RGBT ROT 2 NDEFHDFELRE, FIRDT A A MFIESIEEBREL TSH72
HENEDEREEDOUEEELTITILEIC, IR TEDT TA A M= DBRFERT = DR ER K
55, BB DO BRI L BELE 72 > TUNVD,

KT NG —= U T HAE, BEUOEEFHRIR, 7 —# 0B, 7 atAxT 7 TAT, ~A75, TFEK
O, BLEHIMOIER, SR FVDIKT ., fERANICEREEa ANDI KRR E | ZLOFNEE 2 5, FFIT, Pitch
Splitting (24317 H~HER—M, EREDOEREDERIL, 1RO U RIZHAAT—HARLL EEELV, B
BOEREENR T NVEEIND 12 LLT, Fio, SHES—MED 14V 2 LR AREERESIL TS, ZHUSEn
< AT DS AL B ESREN TWOD(T A b AT ~DESR (K3 6-1T)W~ AT K E O BRI A FEHS
ALTCND), A F—1F ENENDFENLTIERSNDTA L BHDNIAR—RE | ZOR A G DOE TERMSI
HENPEDOEREEDEEEZTHAR—=AHDNNIT A LTSRS L, FHUSOMAEDEEE 2 HNE
NHDHIXFE 6-7), T7ebh, FRHEMNIUDIZ/RY, L&S TIET AL A= AT A L - AN DR LT IC
725, Pitch WalkingEFH XAV B IS IS AT D, Fo, F—0FN \H— L8 O\ ¥— Ty

LELE Spacer

[X|5 6-8 Restricted Design Rule, Coloring Confliction & Area Penalty
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F LTI LDMTTCRND B2 DD R SIS TND, o, SHESER AL EOFHIE G IRE THD, &
FCAFZ LD/ — 0 DE, BRADEFHIZITIN, DO~ AZINGEEGIV IR, ~Hik E6I
IO Bare B/ 50— AR CRIE T2 D5, BtEEE ICIE, EhRd bR OWE 1T T
L FDAN—T RO EHEREI TS, X T NS — = TR O ANOIERIL, 7t ARTY T
DOHPEIZH B, FHUHIE, Resist Freezing 755 TRED NS LA I T2hbE 7 0B ABHFIZ < EKFL T
WD, BT IR—)VEK <025 TR 272012l a2 7 b 2V 7 OB AT Tl Shitw A
JEIBINTHZELEZ BN,

BT NIRG == T HAROb - G RERFREIL, BV Y7 T NAASOHRAICSH D, BT A A B =
DRI L > GRS B D LG BRRSIVCTETN, F T NF — =2 T AR HER L M 2545
HFZ NI T 5, BRFHERBEO AN RIEUEEL ClX & 7V R —= o 7 o8 NIZIREETHD, —
WITHIN TR 2 35— 1T Pitch Splitting $Ai2E T2 A2, /32— BRI DO~ A7 5383
% Pitch Splitting 2 B EhAJIZSEMEL . DD~ AZIZ55EI3% MDP(Mask Data Preparation) /LB S B L7025,
Hifli7y L&S &80, “A D~ A EIT AT DT — DA /3 EIT 2035, Bl /EI L
TIIEDTFELIRNZED B ZHND, RITEOEEATTAEREL T, U ETORY— U OBHGRE D
MREE 722, BERUEO IR ORE N BT D%, ZUT A AVILE CO oy ER T2 ABIXIE 55, 2~
NB—= T\ LT OPC MWBINEFEND, 7T A NEZE, ~SHERE, =o T L 75D a'AT
DERFEI R E R COTERLE T IAL. B2 R L TT — X DO FIETHONENHY | o P ORI
EDORIBALEEN VBN /05708 | BifliZe T — 42 53 FIRLERTZ 1 Tl Pitch Splitting |23 CEA2V V([XFE 6-8),

EUVLEIR O FZAULETIL S T NS —= o THANE B S 2545720\, EUVLEARDNEASALTH,
EUVLEAROIEMOBIRED—DIF, X T NARY —=2 THA L 2 2 TREME L & 5, k<025 #EBIT5
BT NrRH —= o T FHROMESLIN  TRHMEDIEA D _ETRLZED TERNWEEISHER O AT,

6-2-3 EUV BtEHiT

EUVEBEINITER 13.5nmOEXA RS L, BOtLEEI X298 E L 705, NTT, Nikon, HAIZ, LLNL,
AT&T7Y 1980 FRAZ FEITHEBRIIZ2 & 21T > T D, 0.7~1.0nm D ¢ =4 V% PXL(Proximity X-ray
Lithography) D BAFE AT U 7254 | M/ MR B2 ER 2 XFREIR DI R CEBLT DI LR 58 b S
720 KrF., ArF@BECEARI TR Bl LT, Fo(15Tm) @GR 3 BHFE D F- 870572 2000 FLENGZJEIHI T —
RIS ZA TR S TE 7o, EUVEECEAN O ARKHIZRBHFEIL, 1997 FELVKEDEUVLLC TRsGS
N, = D%, WP R I K E O ESLOAFSEFT(LLNL, SNL, LBNL) . H A CIXASET., BKJN Tix
EUCLIDES, PREUVE THW#1FE41, BIFEIZSEMATECH, IMEC, ANT, Selete’2 X D) —3 7 LT 5 A
T ABENETRY | SEIFA— T — | BECIEE AT — | MBIA— T — 72 & L DEHER TR o> TRFE I A A
TS,
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EUV Focus Areas 2005-2009:
22 nm half-pitch insertion target SEMATECH,)

2005/ 32hp | 2006 / 32hp | 2007 / 22hp | 2008 / 22hp | 2009 / 22hp

1. Resist resolution, 1. Reliable high power 1. Reliable high power 1. Long-lerm source 1. Mask yield & defect

sensitivity & LER source & collector source & collector operation with 100 W inspectionireview
met simultanecusly maodule madule at IF and 5M.Jiday infrastructure
2. Collector ifetime 2. Resist resolution, 2. Resist resolution, 2. Defect free Masks | 2. Long-term reliabio
sansilivity & LER mat sensitivity & LER mel through kecycle & source operation with
simultanecusly simultaneously inspectionireview 200 W at IF
infrastructure |
3. Availability of defect | 3. Awvailability of defect 3. Resist resolution, 3. Resist resolution,
free mask free mask sensitivity & LER met sensitivity & LER mat
simultaneously simullaneously
4. Reticle protection 4. Reticle protection = Reticle protection * EUVL manufacturing
during storage, during storage, during storage, integration
handling and use handling and wse handiing and use
* Reticle protection 5. Projection and 5. Projection and = Projection /
during storage, illuminator optics illuminator optics illeminator optics and
handling and use quality & lifetime quality & lifatime mask lifatime
= Projection and
iluminator optics
quality & lifetime

EUVL pilot line insertion in 2011/12 and HVM introduction in 2013

X% 6-9 EUV @tz 28 SEMATECH EUVL Symposium 2009 7> 5

WoF 13.5nmClE, HFREHEAAEK CELBIMEHII N | AR FERII IR 7 — ks,
13.5nmi 32 B IESH BT OB B IA FATC I R TEEIEA MoL SiTHERK %, 22 /@I TE
B TnmlEETHAK 40 L7200, ~ A7 | AR O Z @IS 2 AT DO~ 22 L7020 | Z gl
L OHESREA S — AL TS, BUVIEDRRIR D BT RO — T 4 BT A SO 2%t
AN BT —(Z B CIE2KRuRE DA B AR IO B Tea AL CERRIBSE2 720 A
HIDD, ZLITMo/SiZ @A V- B G RY(EEE AT IHER TER Y, FE~20 FEFEED)DIT— 2
DI, BRI ETEBIFEIT— THERLS LD, NA 0.25 DFEIFRIT 6 DL BIFI T — THRERRS AL,
VAV CRIRT 13 BARE DL @RS L7275, Mo/SiZ IO S ERIE, B Ch i 4 70%38 T
BUIR, 70%& X 720, JEIED D, BER, v A7 | BRSO AR Ty =/ I EIZ#E T HEUVIEIE,
1% ZH 727200, 1 FEAERTDTRIF —PNEARLIRD, T D%y BRI O IEF I NSIA D
T X7V A OHEMINITIR — 7 DA HT T ALHE A A T A 72 & OIRBIEEM EHLTEM: Low
Thermal Expansion Material)> Vo5, EUVEE I I T L F — =R I IR E 72 T
%o JRITHEASNDESD N0FEELNEUVYEEL TU o NEIZEEL R,

I BUV SR <27 LY AR, w275 —Z R0 RS A T P45,

EUV BtEEE T, BUV KR, 77U — R B T5R, RBDET R, v AZAT—0  BREEFR. U
INAT =D AT RGN RY 7 s a—Ray 7 B285% Kfitoh— §ilfii A7 2708 T
KRS 5, EUV SBEIEE I IRERD 248nm <2 193nm DGR L O H@EPEICZ LS IFELETH EUV #
2 [E A DBRFE L8> TD, IL8 I 1/4 O N Th D RIREE Th D, [XI3K 6-9 12, BHFERINE~DR
RO IS B TR LT, WEAEE TR G N CThHo -SSR o~ A2 E DFEZ BRI IEL -, L)L
IR ARIREL TR, LU AR, EOIZIINFRDF N, TANRE ZL OFENARIER T D,

EUV ~ AL, B 2T A b~ A7 50 7 2L [G— DA U B EIREAT 7 A(Ti R—7 A
WH T AV D, T~ 2713 Mo-Si ZJ&lF(Mo ~3 nm, Si ~4 nm, pitch ~7 nm, >40 layers), Capping(Si
~11 nm), Buffer(Ru ~1~3 nm)., JHEJEAE(Ta or TaOxide, TaBN, ...50~70 nm) CHERRS LTS, ERERRIZE7- 1
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AT DIV TND, NP~ A RIRAZEEIZ 1T D3 M AND Fi{ bR 50~55 nm (SR LU 723
JelsZ VT~ 227D 3D SR ZARIRL | #5101 Ea X DTRERED RS TND,

EUV ~AZBR O ROFEII KL THD, 7T 7 AD RN DT ZIT L @I K a A
ZEDRDBIND, ZIBIEOAFRRaD B AR R E 5 E Th D, BUV v AV [EAH OAFER a2 a5
ONHPERN N TODEZETRAEL, 1.5 25 2 nm OEZE T TR RICKORFT A TE R 5, B2 EIRIT
MBAENZARE A 7 A AR O R O THY, 25nm #ET 3 nm DEZEII AN—TE YT 22 nm /37— D 10%0D

CD =7 —%5|Z# 7, BIfE, BUV ~ A7 DNARKRaEARE T 57212 EUV ERIZLD(Actinic) K FafR L
LB DBIREDHED HALTUND, I SZ — U KIERETIT Th D, DUV JE0mE 1#%a VoA & 18 O B
AT TIY, ~N—TE>F 22nm FTII[ED B DN TETZH DD EBIR HMHM IS e i3 DB
WD, 73— REEDEEHMIZOWTIL, FHTRRIEBRET HEIEICBW T, ZREEONAEZ S
DTS FEEARIRD Z L7 oo T U 7T DHAN DI EEE 72D, HERD FIB AEIEHATTIE Ga MEARITFTHIA
T, ZREEE DS RO TR ENMSIL TN, 3 =L, BN ciliEshiz~As
MBENLEE CTHOWDBRETH IR THY | R RIAESNADEAN OIS Th D, EUV ~ A7 Tl 16k
DFEZ TR VNN |~ AT FE~D RO GBS, £, I Z3Ix—Ta b EHET
X7, HZERCIE, ARG IZIREEIRIC AR e — R 7 E O BZE RO R HBHEREL . ~ AT D
HTEOAR T 2L, WERD IV Y 7T 7 12BN T A7 OEEGAFHNT AIMS BV TET,
EUV-AIMS [IRZBAFED RSN TODERETHY | BIFEE ORI T B LA TR, v A7 8l o
7B T, SEMATECH F:3#¢ EMI (EUV Mask Infrastructure) 7 127 A KO BAFE A IHSIL TS,

EUV VARG CoHDT- 0~ A7 i~ NI &Il A TE N> 7- [EA OFE-ED B
%o NA 0.25 ORZEFTITER 6 FED AR L7122, ZAUMBENESDH LM S — Dyl E, DI

RAF L CASH DA ER B2 57018, FRGMERELHR TN E N 05, T7ebh, "F— OERAELD
%o NFHAITEECHEI(AY Y NN THREITRAFL TR 57280 | RITECHEIBN T—ERTldan, 7v7
EREIND B IEG TERV, TU T IIZEIEDO IR RAFEL . T — RO WHEERASYE T D, BifE
BRENH D o Tl 10%L0 1, W0 BEFERETIT 7%LL T eI THRY, ArF IZHATHRE NI REN, w27

14

12

A=Y
(@)

LER (nm, 3 sigma)

o N A~ O

Dose (mJ/cm2)

« Simple shot-noise model predicts 1/Vdose relationship between LER
and dose

Data courtesy of Dr. P. Naulleau (LBNL) and Dr. T. Wallow (AMD)

X F 6-10 LER & T EDOBMSR ooy dose
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IR = NG TI LV T RIIED LB D,

EUVYEFi%, DPP(Discharge Produced Plasma)~LPP(Laser Produced Plasma)? 52 A% - fiits 4T
W5, BEEMSOEUVIERIZIE, R T DR EL TSV DD, Xe, Sn, LiZpE OFk & 7o4—47 > Mk
DR D H17)35, KE72CE(Conversion Efficiency)DIFHILASnISAMAAS IV TR 23 A, BIFER
DODPP, LPPEH ICSnZ 8 H L TW5DH, B AL FE /) 100 wph(wafer per hour) @ 2 % 12 13 |
200W@IF(Intermediate Focus: HfRIAE RNZE) L EDFREEAN KD B30, DPPIT o #8151 T D4k - () 355
DEEEHY  SW@IFD /T — THEEEDOEUVEFHTIZ FHWHIL TV D, DPPTIISnfl) HSnZ IRk 1
HeAG 3 DA I CTEV L E D T NT A TV B S B A Rlds M 2L — T — RN — Heffi A f A e
FA O BT T TR, BPEHICHRN CEHH I OMREZ HHEL TD, 1 RFFLL EOEHERSE(Duty
cycle=100%) C 34W@IFAH 2 O H 173 SH D, —HFLPP TR, BRFEE T 100W@IF 3 S Cund
FREETH 7223, 2009 FIC A TEMBREMEITFE OO T =20 iiES T, FEEROBEPRT—ED
AXY N TREELEE 2 HILD 400msecDHLHEFEIRENED FHIL, 100msectDA > 2 —3)LC, 18 HEfH] D 1E
iz CymerfE A L7z, 7713 20~40W TH D, FOEFSRBIMESLAS SsrONormal incident ML Mirror
INFEERBRZ ATz, 77 VEMHINORIADREL 5D, Snh T T A IRIENOLRELL 2L TIT7—IZ
MAETDEOFEGRESIEET 720, JIRPLETHD, A CIESnOREES i/ T D702, X —
FoMEEFCHASNOIER bE L — W —T L VR A T CHODRRETDEA TS, 30um ¢ LL O
Sn W& T T XAV EEL A REHIEIL . DU TCO,L— P — I LD K& =0/ F —ZFEALEUVFS
IS LB A~DEAAI T D, T 7V —/VRIFHEITR, SOIZIF~DSnz iy 57 7V otk
A ATEEBLIE T DR C T AE T LTRSS CAA A FLIE L0 Hf s tsh Qung, 70, (155
L7eSnZ/ a7 s TAREL OGS TRET DU B PR BPEIZHD, BIEFRIIDPPELPP TE DT
A0 %, DPPCIEEW VA E CEUVIEAZ A SH | RuZpE O CHINSE 5HGrazing Angle Collector /7
X CHENT 5, LPPTIEZJER T —% AV V5 Normal Incident ML Mirrora AV THL T2, BIfELLPPE
DPPONATBHFE D Mew YT,

=t IMS MAPPER KLA-Tencor Multibeam Advantest Vistec
Nanofabrication Lithography Systems
& PML2 MAPPER REBL MBX MCC MSB
Iy JINSLIL RIVFHIL
Hst 50kv 5kv 50kv 50kv 50kv
= [~1oMAE—L | 13KE—L | REFE! (REBL) [30mmARE-10K| <RI VSB8x8
>IMEZ )L 51884 dh3 L
3rd Order
Imaging
TPT 5wph 10wph 40wph (Via? >15wph (Via) ~10wph
(108 9FARART|(1067FAZT| 2wph (Metal) JCETANi
50wph) 100wph) NI LBIZNE)
S 20124 B2 20115 B ? 20134 B 2010
g% |EU FP7MAGIC |EUFP7MAGIC |DARPA TEL ASET-D2I (Mask)
pA=D% 2] S v = % Ly] &
TSMC, LETI
X5 6-11 EB ML2

EUVL Y ARNDOMEREL AT ELR 24572 LTV ViRl BEIZIR 723912, BUVEEEIZ BT, IR THAEL
7ZEUVE ORI IR N IET I, D% 10 mlem®LL F O EREL DAY ES N TS, HTE,
RLS(Resolution: f4E . LER/LWR : 7 A Ty T 7 RAITAMETT 3 A, Sensitivity JEE) N —R A7 L5
DAL, WL TE TV, LER/LWRA R 5 FENIHMIZIZIB I EOE K THH(XFE 6-10), Tz,
Resist Blur& FE IO FHEERIL O AOBILHUfEO R 3L | IR L BUGHE DL P AMBLE DFEDRE

-11 -
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W ZHUSAHE I OFHAETHY | Resist BlurdD A EE THHLOD, REDOK T RELICYEETE D sl
(TN TOR, FT2, FFIZ, LER/LWRIE, EUVLIEA ORRE TIZBEL, ArF72 8 OFEEEHTIZ BT,
M T&HY, Shot NoiseZe & BIGDERfRE LRI | Fei iz Y RO 2 & ORFIDED HIL TN D, L AN
FEOFNIIE, D FL VAN DIV NG S, Wi, AFL-P AR DLER/LWRE 7~ 9L A MAER 3 E
SN TCET, LUAMABH G, BAR AR ORI TITKD T, 7 A0 i b T, U A/, 3
Bz & otE, RANT B AUZEIHLER/LWROAEEG ATRE THH LN /RIINLTETND, LY ARD T T
HAGRIEES N TS, BZER BN L 720 AL, EUVYERREHC L - T, BRI BE S AR —R
DT RBEAETFER T D ENHDIVTND, ZEEROXIISEILT, 7T ADIRNL P ARNDBIFEA T4 LT
%o EUVL T AMAEIOBIFEIT, BRI OBREED IS TIMES LTS, 2010 T, B TG
ASI, EB72 5LV ANRAFE OIS IR CX D,

EUVEBEHTIT, LR E ek DA SIDT2D | RET, OPCHLER 2 X O AP/ b DESIT
WD, Ll BIRLIZ AT AIRIEORESE . 7L 7 ORIEIZNE L 72D, ~ A7 RAAIET AT DI Hiflize
=L ThHho>Th, YA DRNRE— 2 IEABEL 72T 1LiX 72 5720, EUVLELH OMDP(Mask Data
Preparation) BT DO BRFE M2 L7 >TUND,

EUV ZCEEOREIL, RINZE, K7V T ONF0ORYETH D, WIS L2 RBIEORUENSTEECTH D,
INZEDFHUEAZIE, BEZ 6 MR T — R E Bt R TRl 280 3 s S g, w27 7= D
RFFLREFRETH D, FHET v 7 OFERZRHEEL TRFTSILTODDS, BERESD L, 25 10 nm
THY, BRHOWFEIEETD,

EUV BT ARD AT IR LTSIV QN D, Hlli ST — LBMEREN AV — 7 hOHilIE 725,
BIAE Swph O a O MIRRE /NI AR UGESIV, 7 7 A ABGE| i S H EEERE Tl 120~ 150wph 232k
SN TWDEDEIIFFSI TS, EUV BB EI IS B/ 5 KREMMIRRE /12 WIFRFS L QD D BIZI38
VROBHRENFETHY | 2N, 17— D SRR BARAD FRR &5 i D B FF LSRR E 72 D,
2010 2011 £EI21T, B DO FHENFHN TODHE D LRI TS,

—J5, BUV BHHATOFZRALBRFIIAE S ZITEA TUVew, Bi%E13 SEMATECH, IMEC, ANT, Selete &
WSTeT =V T I TIAT VRIZBNTOHL TN TND, BOLEEEDFIT ASML 735£/ 7L Nikon
DM IRILETR>TUD, ASML 78 IMEC & ANT (2 ADT % Nikon | Selete |Z EUV1 ZHAL ., ZIZFUZ
BWTT A ZRME~DIEHZT T QD BITE B BEO B o TRY, 2010 4FOBENE L C\\5,
LU, BHEICHEH T2 EUV SEIROBIRILEREL TR, B TOAL—7"v O HAZIL 60wph &, #13H
D BHIECEH 72 100wph DR REE 2RI

TdD, 2012 BT 2L SNABIERS Smallest features available on template
G RS D RAL C B, B 28 nm L/S L

J |
AL I 12 K Z VO ASEUVL A~ an
SR, 193nmO R T, o ¢
hpC 38~40nm (&7 T 76~80nm)7%, > '3 1
IVERIEOIRRET2%, k<025 AR 5723 i s -.
(IO DDPRLELL IR D73 = A I impri
- . ) . “SEMATECH's Nanolmprint Program: A Key Enabler for Nanoimprint
D48 LER SR AL . OPC/SBALEED £ Introduction”, Lloyd C. Litt, et. al., SEMATECH and Advanced Micro Devices,
" !i?%f(i%'ﬁ—%)o STV %,le ﬁﬁﬁ Fox . Proc of SPIE Vol. 7271, 72711Q, (2009).
OPCHE i 28/ NSV EUVLIZFEF 2k D >
HENBITTHD, BEUVENAAITE 22nm,

ROAAIL T L~ AT LU AND BRI
BTCELNITESTWIETFL TR,

X 6-12 NIL

-12-
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16nm, S5H121E InmDOHARIZISUNN T AERPEREDNZER TEAHEHIFFSILTUD, NA 0.5 2 He%EHID
WSS TRY, HEHAE D N—F DB E L CTHIFRFC& 5,

6-2-4 ML2, NIL, DSA

16 nm LflOHER T, EUVL (SR RiLdfrasdil L C ML2(Maskless Lithography), NIL(NanoImprint
Lithography), DSA(Directed Self Assembly)% L C IL(Interference Lithography)23@iF 51TV D,

ML2 ®»Z%<}% EB C Multi-beam & Multi-column (2330 C&%, EB LI#FCTld OML(Optical Maskless
Lithography)& X412 Micro Mirror Array %z FHV 56D 57 7K° Ton Beam 2 WD T RS RETS AL T3,
FRZHIHZ2ORY | EB 28RS T 233D ML2 27k TWDIA 320, ML2 IE, MAPPER, IMS Z3U%
2L DT YT N TIEFRICBR D ED HIVTND, KFE 6-11 1T A LT, FTZHANO FEIEE M Clidhs
25, BA%E BAMES R T2 —7y NIHIFHTIRZE 1@, ZD %, KEAEEDVY 777 4L THEDITHT

STk, Lol BFZEBRSS, Zdbflib BAEPE CO=— X REL, f it~ A2 O @l a3 D Hff
ELTCONLEDIFITZE D5 TV VR, MAPPER Lithography "Cli POC (proof of concept) #(110 ANE— )2
&% 30nm DT LA/3% =152 22nm SRAM /37— DR RESIL TS, F7-, Vistee I£ Multi VSB
(MSB) J52% POL (Proof of Lithography: 4 X4 £ —2\) C 30nm L&S ZHiWL 7= Ak a3 RK LT, £, TR
N T ARNTIE ASET D70y =7 kT MCC OBFFERREZAT> TV, 4 720 POC T 32nm L&S #l<°
N7 LD 7 BB S CND, JEA vx&rﬁ FOEATHLN, EHAE A~ AR 55 T
TUD, ML2 BAFEIT, 2012 505 13 U EPEMAGHEIL TVND, A/L—7" MO 75 A EE R
PUIEDLT | FafOFE4E Tl EB i %V:L—/wi»:z//\% TR E Y 2 — V& 7 T AZ—{KL T,
100wph Z B2 5 AN —7"> e HFEL T D, IMS (4, EB & Ton Beam 23l &7 NCRIFE L, il ¥
— L DIERGHERARLTND,

NIL (30 7 — % 7= LER CIERKCE, F/oT 27 WA~ 78O 3D fide —fE TR T&5
Ffie LT H SN TUWA, UV %5 W TIRIEOL P AMT B A LS/ 2T 77 RUE—R 45 MILAED
S-FIL £l TL QD 11 OARASET 7 L —h~ A7 ORWESLEH R A DO R EOREN RS LT

entecn " Canter tor NanaTochmology
Pattern Density

Rectification . Multiplication

resist
'S brush
1B 0 plasma & resist strip

‘- - Ls: 2'_0 ’

spin coat
block copolymer (L)

\ D bake

Fig. 1. Process to create lithographically defined chemically prepatterned surfaces and subsequent directed assembly.
(A) Electron-beam lithography patterns at Ls = LO (left) and Ls = 2L0 (right). (B) Chemical contrast on the substrate after
02 plasma exposure on the e-beam—defined spots above. (C) Block copolymer thin film. (D) Guided self-assembly in
registration with the underlying chemical pattern.

D. S. Kercher, T. R. Albrecht, J. J. de Pablo, P. F. Nealey, Science 936 vol. 321 (2008)

[X# 6-13 DSA Guided self-assembly (2 L 5 & FEHEHAfT
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7o, HREDERED 15nm LV OFEREHESVD LT OEREZ 70D, Kz kR LeNRHAL
— 7y hotEEE BFELTIZBAFRE M T TS (M 6-12),

DSA (IFEEAT 47 ~Diti Az B BRI D DAL E S o EHERE DIEEINHEFHINT
W5, #EDZ< 13 PS-MMA Block copolymer % FV 542 T, M ERERET ’Cﬂ%iél: T LY AR(TA AR —
APARX DL, Ry NaL 2T NR— Y AL TN RICFHED 5, -8R ihE 7 1 AT fF
7 IS T IS ATREME SV RS S TU% Marking SOV NIHRIMEZ RS 55— %
FWDEL T, 2 ~ n BB CTHRAIBICEE L COKEAROBIZEIZE B B3 EEH(XFE 6-13), ITRS DUV D
2—R<v 7 T, 16 nm OFERTH 5, IHIT, 2009 44Tl Interference Lithography 73 16nm LAFHD
BAiE L OBRY LTc, PR AIRT 200 T, DT, OV FHNCED, 7107 R AR —
AR AT NT LA DT ATREIC 72D,

6-3 ITRS2009 D ERDHE 7
2009 FERRIZ I3 1T AFRIFAFEAR O FLELLORA L M, 2013 4EOE AIZ [} 7= EUVL B BRZE A I
BOMENNTDD, Fl2. TSAAD R RSBV 77 4 HEc BR SD il 2 oS H-7-,

6-3-1 VT T7 4B~ DER
X5 6-14 | F SNV T T 7 4 ~D TR —EFKA7~59, NAND Flash AEVOHGHERL > R 132010 4%

Table LITH3  Lithography Technology Requirements

Year of Production 2009 | 2010 | 2011 2012 2013 2014 | 2015 2016 | 2017 | 2018 | 2019 2020 | 2021 2022 | 2023 2024
\DRAM ' pitch (nm) (contacted)

\DRAM ¥ pitch (nm) 20 18 16 14 13 11 10 9
CD control (3 sigma) (nm) [B] X 5 5 b . . . 2.1 1.9 1.7 1.5 1.3 1.2 1.0 0.9
Contact in resist (nm) 57 50 22 20 18 16 14 12 11 10
Contact after etch (nm) 52 45 20 18 16 14 13 11 10 9
Overlay [A] (3 sigma) (nm) 10 9.0 b - o b b 5 4.0 3.6 3.2 2.8 2.5 2.3 2.0 1.8
k1193 /1.35NA 0.36 ] 0.31] 0. b b b b b (N¥y§ 0.12 0.11 0.10 0.09 0.08 0.07 0.06

k1 EUTL 83]10.74] 06600591 052]0.47]058]0.

Flash % pitch (nm) (un-contacted poly) 14 13 11 10 ] 8 7 6

CD control (3 sigma) (nm) [B] o . . g . . . ) 1.3 1.2 1.0 0.9 0.8 0.7 0.7
Contact Pitch (nm) 219 | 190 85 76 67 60 53 48 42 38
Contact after etch (nm) 52 45 20 18 16 14 13 11 10 9

Overlay [A] (3 sigma) (nm) 12 10.5 . . o . 4.7 4.2 3.7 33 2.9 2.6 2.3 2.1

k1193/1.35NA4 0.26 | 0.22
k1 EUVL

\MPU/ASIC Metal 1 (M1) % pitch (nm) 19 17 15 13 12 11 9
\MPU gate in resist (nm) 47 41 35 20 18 16 14 12 11 10

\MPU physical gate length (nm) * 29 27 24 15 14 13 12 11 10 ] 8
Gate CD control (3 sigma) (nm) [B] ** 3.0 2.8 2.5 3 o o 5 1.6 1.5 1.3 1.2 1.1 1.0 0.9 0.8
Contact in resist (nm) 66 56 47 23 21 19 17 15 13 12 10
Contact after etch (nm) 60 51 43 21 19 17 15 13 12 11 9

Overlay [A] (3 sigma) (nm) 13 11 9.5 J 5 5 5 4.7 4.2 3.8 3.3 3.0 2.7 2.4 2.1 1.9
k1193 /1.35NA 0.37] 0.31 | 0.26
k1 EUVL

Chip size (mm”)

\Maximum exposure field height (mm)

\Maximum exposure field length (mm) 33
\Maximum field area printed by exposure tool (mm”~ ) 858
Wafer site flatness at exposure step (nm) [C] 8
(Number of mask levels MPU 0
Number of mask levels DRAM 0
Wafer size (diameter, mm) 450

NA required for Flash (single exposure)

NA required for logic (single exposure)

1.93 217

NA required for double exposure (Flash) .
1.59 1.78 2.00

NA required for double exposure (logic) 0.80 | 0.95
EUV NA minimum 0.25] 0.25 | 0.25

0.35] 0.35] 0.35] 0.35] 0.35] 0.35] 05[] 0.5] 0.5]

Double Patterning solutions Triple / multiple ==> red

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known | 4

Manufacturable solutions are NOT known -

X% 6-14 U757 4 ~DHER
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[STR) FE T e aiE:

T2HIEIZ 0.7 DN —ZTHAMEAHE, 2010 T 32nm (Z3ET D, LIAEIE 3 4T 0.7 5D~ —AL7R
%o MPU D M1 /~—7E>F 13 2013 4EFE T 2 45T 0.7 5D — A TG b3 A, 2013 422 27nm (2225
%o VAREIE 3 ££7C 0.7 5D —RI272 5, DRAM D/ N—TEF 328 2011 4512 DRAM /L1 X%
6F2 7355 4F2 ~#4T79 %, NAND Flash AEV T E/LE Y F OMHMETHEATL. DRAM |Z CDU, A —/3—L A
TEL<, MPU &, 7 —k % —2T CDU ERaL L CERNZEH L T,

Table LITH4A Resist Requirements

Defects in patterned res

sist films, gates, con

tacts, etc. (#em” )

Minimum defect size in patterned resist (nm)

0.02 0.02

20

20

Year of Production 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024

\DRAM Y: pitch (nm) (contacted) 52 45 40 36 32 28 25 23 20 18 16 14 13 11 10 9

Flash % pitch (nm) (un-contacted poly) 378 1 31.8 | 283 [ 253 [ 225 1200 | 179 | 159 | 14.2 | 126 | 11.3 | 10.0 ] 89 | 80 7.1 6.3

MPU/ASIC Metal 1 (M1) % Pitch (nm)(contacted) 54 45 38 32 27 24 21 19 17 15 13 12 11 9 8 8

MPU physical gate length (nm) [afier etch] 29 27 24 22 20 18 17 15 14 13 12 11 10 9 8 7

MPU gate in resist length (nm) 47 41 35 31 28 25 22 20 18 16 14 12 11 10 9 8

Resist Char s *

Resist meets requirements for gate resolution and gate CD control (nm, 3

sigma) ** 30| 28 | 25| 23

Resist thickness (nm, single layer) *** 80-145 | 70-130 | 60-115 | 55-100

PEB temperature sensitivity (nm/C) 15 | 1.5 1.5 1.5

Backside particle density (particles/cm” ) 0.28 | 0.28 | 0.28 | 0.28

Back surface particle diameter: lithography and measurement tools (nm) 100 | 100 | 100 [ 100 | 75 75 75 50 50 50 50 50 50 50 50 50

Defects in spin-coated resist films (#/cm” ) + . . 0.01 5 5 5 5 5 5 . . . . § §
defect size in spi d resist films (nm) 20 20

10

10

£l 25 08 07
233 3 69 79 8
0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
0141014014014 0.14[0.14]0.14| 014 | 0.14] 0.14| 0.14 ] 0.14 | 0.14 | 0.14 | 0.14

22 20 18 16 14 13 11 10 09

Low fiequency line width roughness: (nm, 3 sigma) <8% of CD *****

Correlation Length (nm) **¥%*%
Defects in spin-coated resist films for double patterning (#/cm2)
Backside particle density for double patterning (#/cm2)

Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known

Interim ow’n &
nufacturable solut Norknown [N
X2 6-15 LA MADER

6-3-2 ITRS2009 (28T BV 7T 7 1 fgRFfERE (Potential Solutions)

Lithography iTWG Tl 2013 450 32 nm~22nm, 2016 ££0 22nm~16nm % H.0NZV Y757 4 Hifii O SRR
AR D RE L AFTo72(53% 6-18), fRRFRAERT, Bh#T—7 1 0 RELEE D FEYEL 2004 FEIZEDHN
[Nk 3 IO @SUP AL U AN

> ECDALTI(RAY, FI—v, VUVANE) DY T 5/ —RICR LRSI TNDTE,
< o Tool MONEDALT7T033 HERNZHERSNADI L,

% B Tool M ONEDALTTH2 EFNCHHESNDZE,

> BPEIEE N OF DAL T T EERLAD] FERNICHEF TED IBL THHI L,
»07pdEb Z oL EDY—Tar DIC A—J1—0MAPEIHE T2 LA G L QDI e
»>N+3 LIED ) —RTIEZDORY TIEAR,
> FRCRIGEAT S U CREES D DL, B AimdD 7 )T 4 JIVIBIZRGS 577 /a4 ThHI L,
> X DR — VR C100 BLL g RaEL ThoHLl,

PLEDERIL, SEAEE Y —7 Y NIUTZb O THAHD, BEEMGOEFRN 4102510000 T~ 7/ H O
PE - HATE T D5MTY Y 7T 7 4 TRACB WO QI — OB E CHL— DO~ A7 CHEBL ATl 22> C
WHZEENET DN DD, Hiiid~ ya/@llﬁﬁé FEEHAfE A2 FTREMED B WIRIZFRRES L CRY,
BANZDIT AT HATO FIREMED b i\ 281270 D,

2010 4@ 32nm(NAND Flash ><:r:)) X 193nm WiRHX TNV RE—= 7 LTz, 2010 D
45nm(MPU/DRAM)I X 193nm /KIKIR DY 7 IVEE TS, WRIRFEIEE 1.35 DR NA THY, 7V Ez
FDOMRFITHAN)Z: L&S T, hp 38 nm F2EEDMFEIRA LS TD,

2013 £ 32nm(MPU/DRAM)IZ 193nm {&i24 7 3% —=27" EUV Tdb, 2013 40 22nm(NAND
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Flash AEV)E LT 2016 #0 22nm(MPU/DRAM) Gl 5E—Bfifiay EUV, LARE 193nm iR 7 /L« S8/
—=27 ML2, NIL L7, EUVL %2013 A0 & FH 2 [ BT 2 T Th D, EUV 82 C3EE O &k
BED AT 2012 FLAREES AL, 2013 FATAEFEICH 5 CELRREMED DD, ~ AT AL 7 78O~ 0/

TLDMEESTND,

22 nm DA BEIL TlE, BUVL ZARMIEREL T D, 72, 16nm D 53721 Interference Lithography %
ERHAE L CRiHiE TV D, ML2, NIL, DSA OFEHIC R X228 LM, BUEMRRREEALL ThiT D
ATODNT IO 16 nm /~N—T " F DOERZEG 2 ZEDNTELNE DT TIT 2V,

Optical masks not part of potential
Table LITH5A  Optical Mask Requirements solutions. beyond 22 nm
Year of Production 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
DRAM/ MPU/ ASIC (M1) ¥ pitch (nm) (contacted) 52 45 40 36 32 28 25 23 20 18 16 14 13 11 10 9
DRAM CD control (3 sigma) (nm) 5.4 4.7 4.2 3.7 3.3 2.9 2.6 2.3 2.1 1.9 1.7 1.5 1.3 1.2 1.0 0.9
Flash ' pitch (nm) (un-contacted poly) 38 32 28 25 23 20 18 16 14 13 11 10 9 8 7 6
MPU/ASIC Metal 1 (M1) % Pitch (nm)(contacted) 54 45 38 32 27 24 21 19 17 15 13 12 11 9 8 8
MPU gate in resist (nm) 47 41 35 31 28 25 22 20 18 16 14 12 11 10 9 8
MPU physical gate length (nm) 29 27 24 22 20 18 17 15 14 13 12 11 10 9 8 7
Gate CD control (3 sigma) (nm) [A] 3.0 2.8 2.5 2.3 2.1 1.9 1.7 1.6 1.5 1.3 1.2 1.1 1.0 0.9 0.8 0.8
Overlay (3 sigma) (nm) 103 1 9.0 8.0 7.1 6.4 5.7 5.1 4.5 4.0 3.6 3.2 2.8 2.5 2.3 2.0 1.8
Contact in resist (nm) 66 56 47 39 33 29 26 23 21 19 17 15 13 12 10 9
Generic Mask Requirements
Mask magnification [B] 4 4 4 4 4
Mask nominal image size (nm) [C] 186
Mask minimum primary feature size [D] 130
Mask sub-resolution feature size (nm) opaque [E] 93
Image placement (nm, multipoint) [F] 6.2
CD uniformity all to mask iption) 0.4
MEEF isolated lines, binary or attenuated phase shift mask
[G] 2
CD uniformity (nm, 3 sigma) isolated lines (MPU gates),
binary or attenuated phase shift mask [H] * 2.4
MEEF dense lines, binary or attenuated phase shift mask [G] | 2.2 -
CD uniformity (nm, 3 sigma) dense lines (DRAM half pitch),
binary or attenuated phase shift mask [J] 3.9 0.5
MEEF contacts G] 4 ------------ﬂ
CD uniformity (nm, 3 sigma), contact/vias [K] * 2.1 1.5 1.3 1.2 1.0 0.5 0.5 0.4
Linearity (nm) [L] 8.3 40 36 32 29 25 23 20 18 20 21
CD mean to target (nm) [M] 4.1 29 25 23 20 18 16 14 13 11 10 09 10 11
Defect size (nm) [N] * 41 29 25 23 20 16 14 13 11 10 9 10 11
Blank flatess (nm, peak-valley) [O] 190 42
Pellicle thickness uniformity [P] 4.1 3.6 3.3
Data volume (GB) [Q] 655 | 825 | 1040 | 1310 | 1651 | 2080 | 2621 | 3302 | 4161 |y cTcIooRNteicy A R (072 Vi ey {0 e )i N To Vi VAP oo ot
Mask design grid (nm) [R] 2 1 1 1 1 1 1 1 1
Attenuated PSM transmission mean deviation from target (£
% of target) [S] 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
| Attenuated PSM transmission uniformity (% of target
transimission, range) [T] — [S-2(Temp.) ] 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3
| Attenuated PSM phase mean deviation from target — (+
degree) [U] 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
| Attenuated PSM phase uniformity ( degree , range) [T] 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
| Alternating PSM phase mean deviation from nominal phase
angle target (+ degree) [T] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Alternating PSM phase uniformity (degree, range) [U] 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Mask materials and substrates Absorber/attenuator on fused silica
Pellicle for optical masks for exposure wavelengths down to 193 nm,
including masks for 193 nm immersion.
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known |
Manufacturable solutions are NOT known -
X% 6-16 7 MR AT ~DER
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Optical masks not part of potential solutions. beyond

Table LITH5B __Double Patterning / Spacer Requirements 22 nm

Year of Production 2009 | 2010 | 2011 | 2012 | 2013 | 2014 [ 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
DRAM/ MPU/ ASIC (M1) % pitch (nm) (contacted) 52 45 40 36 32 28 25 23 20 18 16 14 13 11 10 9
\DRAM CD control (3 sigma) (nm) 5.4 4.7 4.2 3.7 3.3 2.9 2.6 2.3 2.1 1.9 1.7 1.5 1.3 1.2 1.0 0.9
Flash ¥ pitch (nm) (un-contacted poly) 38 32 28 25 23 20 18 16 14 13 11 10 9 8 7 6
MPU/ASIC Metal 1 (M1) % Pitch (nm)(contacted) 54 45 38 32 27 24 21 19 17 15 13 12 11 9 8 8
MPU gate in resist (nm) 47 41 35 31 28 25 22 20 18 16 14 12 11 10 9 8
MPU physical gate length (nm) 29 27 24 22 20 18 17 15 14 13 12 11 10 9 8 7
Gate CD control (etched) (3 sigma) (nm) 3.0 2.8 2.5 2.3 2.1 1.9 1.7 1.6 1.5 1.3 1.2 1.1 1.0 0.9 0.8 0.8
Overlay (3 sigma) (nm) 10 9.0 8.0 7.1 6.4

Contact in resist (nm) 66 56 47 39 33

Generic Pitch Splitting - Double Patterning Requirements Driven by MPU metal 1/2 Pitch

Mean CD Difference in DP Lines 0.9 0.8 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1
\Pooled Dual Line CD control (3 sigma) (nm) 3.3 3.0 2.7 2.4 2.2 2.0 1.8 1.7 1.5 1.4 1.3 1.1 1.0 1.0 0.9 0.8
Max. mean overlay for MPU LFLE or LELE 0.8 0.7 0.6 0.5 0.4 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.1

Overlay 3s for MPU LFLE or LELE 5.5

Printed Dependent Space CD control for MPU LFLE-LELE 6.4
(nm,3s) .

Generic Spacer Patterning Requirements - Driven By Flash
Nominal printed duty cycle 1:3 1:3 1:3 1:3 1:3 1:3 1:3 1:3 1:3 1:3 1:3 1:3 1:3 1:3 1:3 1:3
Core Gap (Line) CD Control (3 sigma) (nm) 3.0 2.5 2.3 2.0 1.8 1.6 1.4 1.3 1.1 1.0 0.9 0.8 0.7 0.6 0.6 0.5

Line - Deposited Sidewall Thickness uniformity (3 sigma)
() 1.9 1.6 1.4 1.3 1.1 1.0 0.9 0.8 0.7 0.6 0.6 0.5 0.4 0.4 0.4 0.3

Space Uniformity (Bi-Modal) 3 sigma 4.5 3.8 3.4 3.0 2.7 2.4 2.1 1.9 1.7 1.5 1.4 1.2 1.1 1.0 0.9 0.8
Mean CD Differce causing Bi-modal Spacce CD 0.69 1 058 |1 0521046 | 041|037 |033]029|026]023]021)018]0.161]0.15|0.13 | 0.12
Overlay for spacer process 11.9 1100 ] 89 | 80 7.1 6.3

Generic Mask Requirements

Mask magnification [B] 4 4 4 I

\Mask nominal image size (nm) [C] 186 162 141 89 79 71 63 44 40 47
\Mask minimum primary feature size [D] 130 114 99 70 62 55 49 44 31 28 33

Mask sub-resolution feature size (nm) opaque [E] 93 81 71 50 44 40 35 31 22 20 24

Image placement (nm, multipoint) [F] 6.2 5.4 4.8 b b 3.4 3.0 2.7 2.4 2.1 o B 1.5 1.4 0 1.6

CD mean to target (nm) [M] 4.1 3.6 3.2 2.3 2.0 1.8 1.6 1.4 1.3 1.1 1.0 0.9 1.0 1.1
1 1 1 [ | | | | [ |

Pitch Spliting - Double Patterning Specific Mask Rquirements
dependent layers [V] 4.4 3 4 5 o 2.4 2.1 1.9 1.7 1.5 1.4 1.2 1.1 1.0 1.1 11

Image placement (nm, multipoint) for double patterning of
Difference in CD Mean-to-target for two masks used as a

double patterning set (nm) [W] . g . d . 1.1 1.0 0.9 0.8 0.7 0.6 0.6 0.5 0.5 05 05

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known

Interim solutions are known | 4

Manufacturable solutions are NOT known -

X5 6-17 BT NI — = DR
6-4iTWG J&&h

7"—h CD & LWR HEGE LT A A BT S, CD $lfHlOL~ /WS T, N P AXEREIZ 8%
B2 DA AR IR B L Oy F o 7 DM T o A~ D ESR AL 5.2 5, £1-, BLV CD ?ﬁﬂ%ﬁmi
FHINZH B EEE A ER T 5, T A NINT AR VRIS A 5.2 A2 TO T ot ADMIEDRE
BIBIZANDRLEN DD, THFAL TWG 1L, IebEER T 0B RET SARAOEEORHEL T, IEIE%ODE
MECVHE R ) OEE AT 2L —ar Uiz, V3=l —ar Tk, H-12%~0 CD ﬂ%ﬂﬁﬂ%d@@fﬁm
SR BT A2 TOERERER/ ST A—HDOEEN LD G2 HIAAIERIE L EE 155G @f%é’f
ENZADEVORERE TR LT,

Factory TWG L#ina1TV ). EUVL TIEAL T U 2 I — U R BEHLN T 77N F A B LU
JIVDIRNNT AT DT DEFEFE A Z R U7z, F72. Modeling TWG & D ClE EUV ~ A2 KBz G4k,
EUV HHK RGP, EUV ~ A2 LER &L AR LER O BFREOFREIZ W THEEHEL -, $7-, Metrology
TWG (ZXLTIF TN AR E— = I8BT4 TE MCERT R, MIEEA O FHIZ ZRL T\ b, ERM
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TWG (I " EFEL VAR, I LFEEEL AR, Directed Self assembly ZED# A/ £HEHR L 7=, EUV
T ATV ANIT VT OO E BIE L, RIA Ty F o Vit E% O Ek /R LT, Modeling
TWGIZIE, 5% CL ~OEWMANHIEEINTLDZEND, 2l — T a MG Z ) LU D3O R RE 2
DEFEA TR LTz, SHEDMHIZ /DI~ A7 ZIRTTRIREO LMK ELA2 508, FHRIFIER I

First Year of IC Production 2009 | 2010 ) 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
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45 [193 nm immersion with water

32 193 nm Immersion Double Pattern

EUV (DRAM / MPU)

Oypticns.

:.. MPU / DRAM time line
Namow

[ N

22 JEUV

193 nm Immersion Double / Multiple

Pattern )

ML2 ]
Imprint

16 |JEUV

Innovative 193nm immersion Multiple
Pattern

ML2

Imprint

Directed Self Assembly

Interference Lithography

11 JEuV
ML2
Imprint
Directed Self Assembly
Interference Lithography

This legend indicares the time during which research, development, and qualification{pre-producton should be taking place for the solution.
Ressarch Required
Development Underway
Qualifieation / Pre-Production

Continuous improvement

X3 6-18 R IR E AR R A A

R{2 D728, TRPELRESNTND,

More than Moore |ZBEODmMIFTIE TE TR, VYT T7 1T BRI L TE TR, VY
T 77 45O E D ECET B ZRTIUIRDIRWRITIR G L7255 N TAEIO IR ThH D, F
72, 3D M TINE ZFTERSNDD R TIEAR N, A Difam C AR Z MRl TITETV Y,

6-5 FLHLESHDIRE

EUVL [F#BIEL . HADHAIL 7 1E 2013 -0 22 nm HARLAEE ORI TH S, BHFSRIIKEE Tl 2013
FIZHNZE DRV ATREMED 1 TE TV VA, BEIZ NAND Flash A€V~ S 41TV V5 Spacer # 7 /L 3G —=2
I CIEIBIER =y T T ED T m R A CA AR IR T A, 51T, Pitch Splitting DX 7 /L34 —=
YT EINTITEAGDERTESDORL B EER, BREMAREIDNA T, TEREOHEINI S 7 2=
"D EFAPERTHHZEN DTN, filx, T ANCTHFZ LFLE Th->Th, FEDOI7VT 1711
BN TRTENIZ T CaAMIERIZ B2 TCNND, X T NS —= 7 TIN5 3T A— 4 il
TINREREAD, 35— D BEY P EEAINZ DWW THBITRED HALTWDH DD | ~ A7 OB R
ETHD, FRCay o ZIZBW T, B0 T 7 a—F k0 F T NG —= T RED T2 DY 7
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NSO IEAMHEATOG A TUEEEND 3 FILL EOZEZ I OBEE S )/ NS T 255 TR
RENTCND, D128, WiFE~ AV Z i 35 SMO CpkEHL—/v 0 H#h b —/vEv-7= CL D
BRI OGNS B ET ST HELRD,

2010 42 FEDIHEN TlIAA R HAHAT T 5 EUVL ORISR FARD | SHICROMARITHET o7 DFE
$teipbn—R~y 7O EANT THEHL TV, EUVL TIE~AZAL 77, HRBI O P ARDOBIFEO
EENDERSITRY, BEEHETOEONILE, fix 27U —r ay 7 EOFHA I 193nm &
T NG — =27 )35 EUVL ~OBATIREAD FARD A1 75T, Fz, (KIREL T 16nm LDV Y757 4
PINIAREHA THD, ML2 X2 NIL FDOKHE) Y 7T 7 A FEOHFEDEPHIOIER LS, 77U r—a
AR BAE S NI HAN . REAPES T, 77 2V S0t 7 T 7 i O RBatb T
ST,
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