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6-1 IXLHIT

2008 4EFE, WG5(UY 27 F7 ¢ WG) Tl ITRS2008update KO VERIZ AT T, HAFFHARIS RIS U7 iR
f5ffi(Potential Solutions) DA, KT —7 VD REL, 702y NEEVREZATOEEHIZ, 2009 LD
VERGFREIZADIAA TS, Lithography iTWG X, SEMATECH 735 HTWBY—F'—D F, B, K, BRI, 58[E,
BIED 550 TWG TIEEIL ., 4F =[]0 ITRS Meeting % H LN iima B 278> CT)D, ENEEICIE, H—
IO EFIEFEITINZ T, SfEE—RIBEL, F72, M&S, Metrology 5500 WG Dk, ITRS & ~DA
N—DYRBEFEMEL Iz, EHIRHETIE, VY7 TT7ABIROFR, T —r v ay 7T e B 2 mL
SO RIS C, B OBLIROIRE A X 5 E DI AT To72, 2008 FHEIL, Zinfilb &7 /A
ADBLESY B CHIRFN R EL, Fo, WM CRIRDNER Lo T D ML2 HififOi&imIcb R 20T 72,
ML2 i ITRS D EFED EFDONNDIRED T SAADAEE, BDUNET /A ABIFEFECOH L TiE
HESNTnd, A Tld, ITRS2008update RO TN ESRIZ, U7 T 7 4 HAOBUR LA F L |
2008 F=EDIHENOF A T2,

6-2 VY77 AEHROBIR

BRI R FOCEIME, KRZHGRIE D ETOIRALSNDONALSS (TZEL TODH(IXE 6-1), — 77, &
JEFTEROM BB AL THARLENA LA DIEERIFEI, THEL TS, TORR, BATBIZEIE, 193 nmuk
TRIR NPT O IUEAR L VU~ 22 % D N #E A A OGRR R TR R S E A EUVLOE A%
CANZEBAS LTS, 193 nmuKIRIRFESCEANDIEANIX, Single ExposureZ AR HFAMTBRFEL, X7 /35—
=272 ED, k<025 fElASEEL . 32 nm hp. (21E 22 nm hp~DFEE4 B 5T HIBRRIC LD B
TV %, SMO(Source Mask Optimization), CL(Computational Lithography) ~DHE#A 2358/ 4 1., Spacer
DP(Double Patterning)id. Pitch Splitting DPIZ5EATL T, AEPE TRRIZEAZIL TS,

Year of Production 2007]2008]2009|2010}2011]|2012|2013}2014]2015|2016/2017]2018]2019|2020
DRAM % pitch (nm) 68 59 52 45 40 36 32 28 25 1225] 20 |179)1159]14.2
Flash % pitch (nm) (un-contacted poly) | 54 | 45 | 40 | 36 | 32 | 28 | 25 | 22 | 20 |17.9|159]14.2]|126]|113
Flash ASML presentation 45 32 22 16 11
NA k1
ArF Dry 0.75 S | | [
0.85 | 0.29 [{0RL: A
0.93]0.31]0.27 [l R=k1—
ArF Water Immersion 12 | 04 |0385|0.31|0.28 Y . \ NA
1310441038 (0.34| 0.3 |0.27 oL
DRAM| 1.35}0.45| 0.4 [0.35{ 0.31 | 0.28 |8 0 0 0 0 0 0 0

Flash| 1.35}0.37 [ 0.31 [ 0.28 |8 0 0 0 0 0.14 0 0 0 0.0
ArF High Index Immersion 1.45 0.34| 0.3 | 0.27
1.55 0.320.29|0.26
17 0.31]0.28
EUVL 0.25 1.05(0.93|0.83]|0.74|0.66 | 059 |0.52]0.47|0.420.37|0.33]0.29]0.26
0.32 0.85]0.75(0.67| 0.6 |0.53/0.48|0.42]0.38|0.34
0.45 0.94]10.84(0.75|0.67| 0.6 [0.53]0.47

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

NGL(Next Generation Lithography)®& L THIfFES41 TV % ML2(Mask Less Lithography), NIL(Nano Imprint
Lithography)i %, WUfF A~ A7 /4 — % g/ MEEZENT 5 193 nm D5V NE BUVL O R D 0Bz
LHEAFEL THFEIM TN TODDY, REAFEHINIZIRT 0 G OHIWH LR TV VRw,

3% 6-2 IZAEAROBUR LR E — T TORLTz, PLNISHER %,
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SADP Pattern Splitting Nano Imprint ML2
(Spacer DPT) DPT
1.Complex 1. Overlay 1.Reliable high power 1.Defect 1.EB direct writing
process steps, accuracy & CD source & collector control tool performances
cost solution control, pitch module, lifetime during (resolution, overlay,
walking imprinting throughput)

2.CD control of 2.Restricted 2.Availability of defect 2.Data conversion &
space width, Design Rule, free mask, Reticle data delivering, Beam
Pitch walking Coloring/Splittin  protection during (Parallel module )
g & OPC+SB storage, handling and calibration/monitor
algorithm use

3.Restricted 3.0verlay
Design Rule, accuracy
Donut pattern
solution

5.Projection and
illumination optics
quality & lifetime

4. Throughput

6.Flare & Shadowing
correction

[X|Z% 6-2 Lithography Critical Issues List

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

TR FEICHLANTIX. Top coat less resist DX IGIZID  FIF, 7T BABFROIREHIZ T2 2 LD,

i NA BT, BEIZ, NA 1.35 DBEEIZ S0 > TR, L&S VW o7z Hifilize 27— T | hp 40 nm FREEHMR
RE725(1X7% 6-1), LER/LWR DERE L V(X3 6-17), LA, Single exposure Ok /113, 1 A BEAR
DYEEE BHEL T, Z<OBMAN2EZI TN, FlEDOF—T—RiL, SMO(Source Mask Optimization),
CL(Computational Lithography) Cé&5, SMO 3, BEICEEE DA~ 2T EDRTOD /2 — AR T
b2 TH D, CL 1E, ixEt 37— Tub R AT LEMHTHIL, B a— 2o 7= E 7 U 7 A Bk
LIV T T7 47 0RO/ F— HEEMEREZ THIL . OPC(Optical Proximity Correction)Z/LEi - SB(Scattering Bar)
IR RREEL . Bl b T AT CHY, ~ A7 O TO/ A — L DG REDO MR A FE S5, v AT/ F—
DFEATIE, Model Base D OPC AN ASERAESAL, SB DS BEMESiL, FAELT~ A7/ F— Diis
BMEIRE B RGRIEL | BB LA~ A BRI S TIRGES D, 7 A~—U 0 Offtia BIEL, L~
7@?#“‘4’%)% F9Z BN, Source % Mask # Pixel HZ TR, #8CEERE D MIARIZ Pixel HAZOM

HEREHC BIEICHHG T DR A Rt ~ A7/ 72—, JOEZ AL TR, A7 38— DL,
%T/I//\——X“GO)V)Kﬁ/\f“—‘/@ HERAEZXDeE | FHRAZBMEL T, bz 3 X COERIIMmL
CHAGMEREA oM E CHIE T, KM RBRA M2 1T, FHARARELE AT, 2TOF T var a8
N T DHAINFEIR O D i ESTUD, SMO O TFETIL, il 4 D~AZ1Z%L T Source &~ AV % FHOHH A
BOEETRL., Sl 5281280 B EEORER - TR A TD, BB iR EAEE Tl Source M
TEAR, TR ARG T AAEN T EY 22— LV CRERECTRE DI T2 e ERITEINTE, HiYE
T HNE—NSU T, i ba D2 ENRFEETH D, 4 H Tk, SOIZRAZIERL | i~ D& ED
R BRI B IAZ SMO, CL ALERZ S 3 L BEAEDE L 4 OFESCEEEDIGE 8 & R b2 WA A
TUD,

— %72 OPC ALEL Tl BRRTT — 2B HFEL CTHE G 2 — R R L, EREERD T2y v F— %
FIELC, #5532 — % 3R L ChER T D A7V 240 IK L CREE 5723, Inverse Lithography EFFIEAL
HFETIE, BBOET DAL UAMNE =B Tv A7 /34— %38 ) PPMs(Pixelated Phase Masks)&
FREND TR, v AZ/Z—% Pixel AL TRBIL, il % D Pixel (ZhAHZ2EE B2 TRV AR 7R
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~ AV ERUWET DT LA AL, 180 ENARAEDR Y NAL T A DSERETSALD, 180 FEDNLAHZET, 172nm
DIFITFE Y T %, Pixel DY AR, v A7 BEEHARTOHIFIZ 21T 5, Mask OHEHEZE Z720 Inverse
Lithography . Pixelated Phase Masks (I, fJAMifEoD &\ Logic 7/ 3 A THEEE 41, 40 nm hp DB ZiH-
TWHLBZBNDN, AN, ~ AZKEE DRI D, IR TELHAMEL T AL TOINAEA T
HD, Fio, WATU T, BREHRFIHIERL TUND, T 73 ARG — U )N B TR AU, 7 ~HECRUER
7R 2y B /UREED Y b HEL D HAL TS (IR 6-3),

Mask 1 Target
=
40|  — l,‘?:: J&
e

60|
a0l iy

20 40 &0 B0 100 120 20 40 B0 BO 100 120 20 40 &0 B0 100 120

Aerial Image # 1 Aerial Image # 2 Combined Aerial Image
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Figure 2. Top row illustrates the estimated CPL masks (black=-1 and white=+41) 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 NA = 0.93 and k1 = 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 6-3 PPMs & ILT

TR I, KV EROHIEN ATREIZ 2> TV, AU MNDOFEIEED Y —1, 7 I A A MEE | FiA
ALEDHAEMEDSCEE DG RS TND, A F 7 MR—/V DR T, FBRMEZ ATy PITEZD
FE(Focus drilling)b RSV TS, FERIREOIK N o T, v A7, Y2 A—DT7 Ty MRAZER S L <
2o TG, FEICIEEMITIE, 193 nm JEIRO FOH D HEA TWD, BUGPERED[H]_EDT-8 D 7R Dk
WA T BRET 7, ARSI, 90W ([ ZEEL TWa, -, RFEROH LA EHRET D=0
Pulse stretching SFEIIALHE — 2GR DARIREAN D AZ IV CUND, T A 72 & DIE-IERFRE] O HIlE A
TW5, THWEHIRD> T, ma——Z28HL, A7 —Y ONEFHIREEOUGEN A TS,

TRIRTS AT THOOINDL VAR L VAN B 2T, WIHIOBIRAYRD Top coating 75, BUEIK
AN IRATL, S5IZ, Top coat less resist ODEEHDIEE S CUD, HRIR EA O KBGEIE, Bl OfiliEz~
ASULERNZETILRL TS AL, Dry (SIS KA~V AR TE WD, RO, HRHAV—T
Y MDOBEZ S T mIEAF Y AR ST DM EBATE T D, LV AME IR I > TR L Tng,
RIREERROIR FEL P ARDBEPED T2 Thh D, £z, ~ A7 5D T, fm NALIZHED =IO s s
725 C%, BARC EFHIAVAECRBLIEER RN . JOIRWAS A IR CRERE T D2 LA sRd b, R
(Graded BARC)X°, B IENNI /o> TND, LY AN BEATIL, LU ANIE — OBALERH TS L
TV UANI 28T I NE— DY 2D V7 TR LU ARNRENCRE IR A 7% T T 2 7 Rk
— WAL AV DI 2V TEANS TARE Ty T T HARDIRL T, LER OIRINAATHHALERELA N
DERHDOBEIDHEA TND, LI A SZ—U Db EZSH ST, HM(Hard Mask) DI TA£Z Slimming 9%
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ZEEFBEC— AN DL TS,

~AY T, ZIRICDR DA I FF CELEED Y A B 5L T~ A7 OB M BIORETH X5
TS, U7V OEEIIE, BEICERHAS LTS, BUEBIYClE, Haze |3EAREL o2l THD,
Chemical clean FffITELHEA TODEDODIRMEIITEE > TRV, Tz, ~ A7 OFFEMIFEEM Electro
Migration)b UIZUITHRY BT BN TWLRTETH D,

6-2-2 BT NG —= T i

BETYH, BERIOBEI LS TOEDDBEO /N — TR EITHHAMTN, EEICEF LTS, —
HMRAAI 5 O TSR AR DOL&SZ TR . D —i% ) — KD~ A7 THIVEY /3% — U Tk E1TH
FEFHNT A L %) 35— (Tip-to-tip) S B2 55 I 2 VB 415, DDL(Double Dipole Lithography) 13
N AT EMREST A EIL  EEAUSE L7 EARFEERBZ VT 2 [AlER i’l’:ﬂ@%ﬁ?%@f&bé
AltPSM&H 5V N ECLPSMELA T2 VN T, 77— MNEZR E OWHIR AL T A 2 32— RS 2 TR T, R
WL — 2 2 B AT D Trimming EFH XNV D 5 DFE B S, FoA R DT — U T L
TIEMT 5, Ll ZHHOEIN T, k; 0.25 ORRFAEEZ HZ &1 THRZR N,

ki 0.25 DHEEZEZ TUKE T NV —= 78T, Pitch Splitting®Spacer® - DDA RBIZAT T

%, Pitch Splittingl, Z7U7 4 I )VIg/_E =L Z BT Do~ A7 2 /D7l BN TITHH D T, Single
Exposure(SEYD (R X Tt > T2\ 2 — % OO~ AV 3BT, MG ey T2 EL ., F—
DUV AME = Z BRIl HMA NI LS 2728 L TRE— U ZEEL IRWTHE DLV AME — %
RCERIT, OB LD — 2D ED /P — T T 5, T NOFEN L, Single exposureD R
HRERZT>THLKEDOTHD, H OB A= ZHMO =y F 7 TRETHED D
LELE(Litho-Etch-Litho-Etch) &’ XAV 7k, H—DFEN/\F— %L VAN M CFreezel , 55 DL AR
% L CEE LR 9 D LFLE(Litho-Freeze-Litho-Etch)  FEI X 415 514, [Rl—DL VU ANI RO FESEE1T-
CLEIDE(Double Exposure)XFHIID 1L/ E DRI TUND, A—2Z L TV <X Dual trenchd, 7
AL ETARL T < Dual line23& 5, Spacery 7 /L 2 —= 7%, BEHU TERRLT RF— U B ERE, HDH
IR LU 72 %, B E FANIRA TR T BTy T 72 il T, " F— DEE, 370bh | i
FRIMAFRL CTL&SE _fEEMNIAEHE 5, € DORHE G, Spacer doublingdh2\ M ESidewall transfer&$ FEHE
%, MIEEEZ Line/ 3% — &3 ZDual linek, CMPHfTA AV V%L CEEL TTrench/ X% — U & TERL T2
Dual trench?3é % (X% 6-4),

LELE %, BUEDVY 7 T7 487, s, =T 277 ae A% BREL TR EA X5 4 BEFFOHAfToIE
FEOMIHEREL THIOGZ 52 EHHIKRD, boblb RERFREIL, ERELLHIC, 20T EART YT D
EHIZHD,

LFLE &, LELE ® HM Z/ 9% TR HIIT BT, I IERT DL P A =% Z[EH O
AT - F5 - BUBALB 2 D EDIT Freeze S, HM L[RIZEORSREAFF-H, Bi7-lo, LU ANEEAL ., #&
7’5'@%%&%%%??0“( LA R — U TR L . T TF o Y TR —[A TR 5, ZDL-ARD Freeze 5

i, oM DIEED DD, UV Cure EFHIND AN, BEE, B HRHOWNIAF B — L2 VDR
(%M b AL R RE, T R 8 DB MER I TOD (X 6-5),

DE [T, VY ANMI ZRIOFESEE L THDH, —RIOBME T/ ¥~ %595, DE (%, #5812 Magic
Material EFEPRSIVDRFERZRF A AT DM B A LEL T 5, TERDIECI, G ) om L liRs cEle
W, fRFRA7242 4212 Ultra-CEL(Contrast Enhancement Layer), 2-Photon resist, Thermal reversible resist 7385,
LD L, ZIODOMEOBEETIL, Non-linear 724D EHUT, —HLL ERE B EZ M EL | FEHEIZ
HSIRNET DL HY | MBIBRTSI A2 AGD TS,

Spacer # 7 /L /32 —=27X, Flash Memory DV —R 7 ALY 7 A Tl D L&S /34— DL
(SE L= HAE L TER S, BIFDIXSITET, DRAM (THART, /b3 — U DS HEIZR 7 O L i b
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CHEATL T Flash Memory T, BEIZ 2008 EDRE T, #RIZEZ 0D SE DFRFUTEEL THY, Spacer ¥ 7
NrRB—= 7 %@ LT hp 40 nm Z U)o 7B D I3 e STV, 2008 4RIREALTT, 34 nm hp OFLL A
FEZHIfrSU T, 2009 4121, hp T 32 nm ORLFOBIGNT 7 ASHU TS, LsL., Spacer [EA D
A IR E L THIZ TG, TARIED ) — %, L AR R — o DI — PRI R TN TOVD ESHLDAN,
AN—ADHERD DXL, T 37— OHEZHDXITMNA T, THRBEOUBEEFOIESC, =y T3y
IMTDFLSEDNOY, 99169 %, F/z, Spacer|%, Hi—DIETLOVERL TEZ20, ZD iU, Flash Memory
IZEo TSI THLIN ALRB O NEETR T DM G5/ 32— A T TE7RW, EIHIZ, 73— D
KIDDD, LI AR RZ— Dl Spacer DESNADT8 | R—TFNRO/SZ—2 D HISTERRSFL, Adh
P RET D TRENMENZ/2D, ZOMEMIL, Area penalty 720, T 7 A XD REHLK, Hbokb K
Z7FREIL, S ANIH D, THEART YT KL, TAT 2383 SHiE THDH, CVD HEDOT RV ar T
1372<, Wet 72 R&:C (ABEERIC ARG 5, L AR SF— ORI T A7 T Rk 2 UG UL, R
AN R I P AND R EE I RE OB BHZE 572 8L C Spacer DP 2 J0 fii{fi/2 7 b 2721 THEBLT 5
BN FFESI TS,

Pitch Splitting Tl%, — DDA AT I = BB T 57280, BARDHT Ty U EREN
B/ — AN, Overlay =7 —703, CD =7 — L5728 FEBIRRTRETIIRV WnEE 2 ONHIER Ik
LWERADOEREENEREIL TS, — 77, Spacer £4ii Tl&, Spacer ZD D TS INAD/ MF— 1%, €
DR LS TREDH—DED L7225, T7205, Spacer THRAKWNIT AL EIRT DA 1E, V=
ENHE—DOTAMEEY W REESE TAR—RZ R LI SAIE. Ve RERHE—D AR —EL
725, WEIEHEIEDS, ~HEZ RO DT Spacer TS ALHES3D CDU I3, BRIk A9, LI AR
/=D CDU [ZHARTEN TNDEZFLTUNS, Spacer ¥ 7 /L3 —=2 7 T, B TEAH/\F— 0%
FRHNTERE S — | T hebh | K= 2 — 2 Llp D78 BIID~ A7 % VT, YKL, 5125
D~ A% N TG — DEINEATT-0T 5 TR B2 5,

BT NG —= 0 T BRI, BRI, 7 — 2 0B, 7 v ART 7 TAT, ~A7%, T
OGN, FLEWI OB R, SR EVDIK T | FERANEUETANDIE R E | ZLOFEA TR 5, FFIZ, Pitch
Splittingl 23317 ACDU, A—/N—L AREFEOERIT, HERDI NI T ALl BV, ERbiE
FEEEMSED 1/3 LL T, F2, CDUS 1/ 2 LU FAMELHAESILCND, ZIUTHN~ A7 D kS L kL <
FORENTWA(T A b AT ~DER(KF 6-18)IC~ AT FEE D EREAES FEHSN CND), Fio, ~HE, A4
—N—LADFHABIETH D, F— 1T, TNENDOBHTIERSNDTA L BHDHNNIAR—RE ZD
A A TSNS B A DO E DL Z T DAN—RAHDNNTT A L THERRSIL, FHUS O
HEDEEEZDVLENHH(XE 6-6), 7206, REEHNIUDIZ/ARY | L&STIX, FA-AR—RA-F A -
A=A, MERUENLZ 725, Pitch WalkingEFEIE 2D BEIAREE 28T 5, Fo, B—0FE 2 — b,
B DTS — T 2y F I LM TR R DD BRSSO, FHIIEIND I TH D,
ZNENDOFENAELCTOOverlay, CDFHANZIAINZ T, LD~ AIMOEZES IR, ~Tk, E5I120E, #
BrO R D S — % BRI CTE T ALERHH(XE 6-7), SHIZTVT XFAT b5, $o, 7 —4
W <27 QC TR & §_T, IAMOBINER 705, TS EIZIE, ERdbHOEEREEOUEI KD
HNATET T, ZOAV—T Y hD ] EH BRI TCND, X TN RS —=o T HAROIANOARNIL, 7
2B ART T OHIBIZHHY ., ZAU5IE, Resist Freezingtifii7al | TREO AL EIL- T4 8 7 02
FICELEMATL VD, AT NR— L%k <0.25 TIZRLT A72DI21E, a2 b 2V ZH O
T, EBIZVY AV ZBNTHIELB X BID,

BT NG — = T EARTDOH - & KE 7RI, Logic 77 M A~DI I 5, BEC T /A A/RZ—0 D
FHBUC L GRINE N e 5 7 LG BRIV TR TS, X T NRE — =0 T HAIE, 1R _EITEME %G
HRZ BB D, FRFHEREEOHAN RELUEL Clk, ¥ 7037 —= 2 ZHA OB NN CHD, —
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IRICHIN A R/ 35— /T Pitch Splitting Heffra 3 25512, SF— U BB O~ A5
% Pitch Splitting % FH BIFNZFESEL . DD~ AZ|Z55E]9 % MDP(Mask Data Preparation) UM EE L7275,
Hifili7e L&S &R0 DO~ A EIT HI20I21F, B—DKEE2 S EIT 20 E DD, i, A5y
FHEL Tl SR ELRW LS ER DD, o, IO 3EIZAT Ik REL T, U e— L TO/ F—
> DRGSR 72D, BEHGH RO RKIBEORSE NS T D%, ZUT 4 I VILE CO oy EE 8T 5 B
BN E], X7 NG — = 7 g b LT OPC VN EEND, TIA A b — ~SHETT— TyF
VI E DT R ATOERFE 8 COERER AT, HEEEAfRIRL T, 7 — XD EIEATI BN
HY, T P ORI 2 E O KTEALBN MBI/ 570 L | T — 2 53 EIVEE7=1FCld, Pitch Splitting (2
K TEZRN(XF 6-8),

Mask 1 - - - - Mask 1 - - - - Mask 1
Print
trenches
and etch Hard mask etch
Hard mask
DEPhOEitiT(n Deposition
Etch bac
f— f— Mask 2 Etch back
Core remove
Coat and

Spacer formation
expose

second
resist

IiEEEN [ B8 [ B B ard mask
layer
Dual Trench Dual Line Dual Line Dual Trench
Pitch Splitting double patterning Spacer double patterning

Core remove Oxide deposition

CMP

Spacer remove
Bottom
Hard mask etch

Hard mask etch

[X|Z% 6-4 Pitch Splitting Double Patterning, and Spacer Double Patterning

Mask 1

Expose 1

Substrate

Develop + Freeze

- - - -
H Plasma/lon Thermal Crosslink
l UV Cure Chemical Treatment
- [ - Mask 2
_ Expose 2

Double patterning: Freezing
4% 6-5 LFLE DP:
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CD error
I I Exposure I I

Overlay error | CD eyror — Thickness error

Deposmon

1st exposure

2nd exposure

Gap fill & CMP

CD error Position error Space CD & Position error

(Pitch walking) (Pitch walking)

edge_1=0OL_1-line_1/2 edge 1=0OL —resist/2
edge_2=0OL_1 +line_1/2 edge_2=0L + resist/2
edge_3=P/2+ OL_2-line_2/2 edge_3=0OL + resist/2 + depo

edge 4=P/2 + OL_2 + line_2/2 edge 4=P + OL - resist/2 - depo
edge 5=P +0OL_1-line_1/2 edge_5=P + OL —resist/2
' Tco populations

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

a) Pitch: 4nm ) Pitch: 100nm &) Pitch T7nm

Qll HRERAR
o -
think it. apply it™ lmec
“22nm Half-Pitch Patterning by CVD Spacer Self Alignment RApnS S Aciae
Double Patterning (SADP)”, Christopher Bencher, Proc. of SPIE
Vol. 6924, 69244E, (2008)
“Robust Method for Promotion of Adhesion of Resist to Dielectric
ARC”, Martin Seamons, International Immersion Lithography

Symposium22-25 September, 2008 s
. ) . 2nd patterning
Source: “Meeting Double Patterning Challenges: from split to Poly on SI0,
process control”, Vincent Wiaux, et. al. (IMEC), NGL2007
Workshop

[X|5% 6-7 CD Overlay #+H
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LELE Spacer
[X|5% 6-8 Restricted Design Rule, Coloring Confliction & Area Penalty

BT N B —= 7 HARL, BEICFlash memory D RUEIZIHEAZ IV TOD I IZ A 535, EUVL
B OBIGETIX, ¥ TN\ —= 0 THIFCIEMEE 55153720, F7o, EUVLER RS EAIN TS,
EUVLEATOIEMOBIRED—DI1F, F T NRY —=2 THAT L 2 D ATREME L & 5, k<025 2 BT 5
KT NoRE—= 2 T EAROMENLN R LD IEM O ETRLZED TN EEI RO HI LI,
6-2-3 EUV BYEHH

2008 A%, EUVL T, i< 7 A RDFNED IS SN F-L 7072, ASML £1:0> ADT(Alpha Demo Tool)73,
IMEC & ANT(Albany NanoTech) TRy @3 AIREICZ2Y, BRFEDIIES LTS, AMD &, ANT O
ADT % Logic 7 /M ADERREETEL, RIELTZ SRAM IO BLUFHEL S F0AHEL, FAMIC
EUVL Y6 LA 7R L7, $7-. Samsung Electronics (%, IMEC ® ADT % F\C, DRAM /<%
— L DEEEMEREA T, OPC #EL T, 32 nm, 22 nm DA/ F—U PEEETETNAT LRI~ (K
6-9), Hynix & H 57 AN A7 2 8UEL | 5B FHRA] T THEL TV,

DRAM cell pattern

l;u | D3 D2x
Well-defined

n Driving Grcuit

Not-defined
Not-defined

EUVL shows superior patterning performance
to immersion ArF Lithography

P i

X7 6-9 DRAM 74— EUVL fiz Gk
EUVEREHANL, Bz 13.5SnmO#XREEREL | BT, HAZREL 7D, 0.7~1.0nmDPERE



) sasmmn—r<oIeMEA T 20 FERS

ZPXL(Proximity X-ray Lithography)DBHFEDMEATL 7244, His/ M ERZ | XERFEIRO I & CIE 25T
D5, BOAHA D TR EE ATz, KiF, ArFEECHAI SR EAITE L T, F(157nm) @ AT S Bs 0 F2b 7072
2000 ZA0 0, ZREFER T —HFRITKDZA T, BAFESIL TS, EUVENEANO ARSI BRFE I, 1997 4
&0, KEDEUVLLC THFE D D7z fltaS iz, Z<OE &N AL, HFEBAFEO L, KEO
ENZOMFERT CHHLLNL, SNL, LBNLS, HL[FCTHF5E T DAk VNL Tdh-7-EUVLIZ, SEMATECH® A
T —= &R0 PR OHILE, SEMATECHIZEE AV, BifEIL, SEMATECHA 455, IMEC, ANT, Selete
REDA) =TT I T ITAT L ARBIEOUZ 72 JERA— T — | BAIEEA— T — MBI A—T1—72
&L ORI K> TRIRICEVFAA TS,

WE 13.5nmClE, PR CEOBIM NI, ZD %, FANZ 2 EFRIT, SR T — TRk
D, 13.5nmiE, ZEBESRH AT OB HRDIAFEN TR T, ZEEA Mok Si CHERL 75, £ )@
ORERIE, JE TnmlZE THRAK A0 AL 70D, ~ A7 | AR D Ll g a A+ A A~ 20 &
720 @S LB R /32— AL THIVWD, EUVIEOREEO BB RO—EIZIE, W AET
NI BT 2R AR 2R T —(Z I TIE<, RuZeE O& R RIS E TEa AL CFRilX
T2 H)BHNWLIL, 2<%, Mo/SiZ s 2B AR DOIZT — WG, BRI,
BTEIENRIT— TS IS, NA 0.25 DR%EHCIEL, BN TFRIT 6D LB — TS, v~ A7%
DT, BIRT 13 BARE DL BRI T & 725, Mo/SiZIBIRD T RIE., FlRIETh & &4 70%58 T, BLik,
T0%Z R 720N, JEFENG, IR, v A7 BETF R DI HZ R T = —IZEZET HEUVIRIL. 1%
([ZHITZ7220 1 FEA LR TOZRNX — PR EIRD, ED %, BURIREOFEF /NI A 202
T, IT ROV AZ DI, TIR—7 DA I T ARE LT T A28 DM EHLTEM) 2N W B4, EUV
BB N T RAF —2h20T, IR ICRERRE TH D, =X —2hI3, IEFICRETRE Th
%o IR ASNAESID 1N0FEELDEUVHEL T2 —IZEELAR,

EUV Focus Areas 2003-2008

VI

- Source power 1. Availability of | 1. Resist resolution, 1. Reliable high power 1. Reliable high 1. Long-term source
and lifetime defect free mask sensitivity & LER source & collector power source & operation with 100 W

::r:;:r:ltlig:.s%r met module collector module at IF and 5M.J/day

optics lifetime simultaneously

2. Availability of | 2. Lifetime of 2. Collector lifetime 2. Resist resolution, 2. Resist resolution, |2 Defect free masks
defect free source sensitivity & LER sensitivity & LER through lifecycle &
components & met simultaneously met simultaneously | inspectionfreview
collector optics infrastructure

3. Reticle 3. Resist 3. Availability of 3. Availability of 3. Availability of . Resist resolution,

g“’!‘““o“ resolution, defect freemask | defect free mask defect free mask sensitivity & LER
h:nnzl. m’g‘;’: ’ sensitivity & met simultaneously

LER met
simultaneously

use

. Projection and |= Reticle 4. Source power 4. Reticle protection | 4. Reticle protection |+ Reticle protection
illuminator protection during storage, during storage, during storage,
optics lifetime during storage, handling and use handling and use handling and use

handling and
use

. Resist L LT8G TE ] = Reticle protection | 5. Projection and 5. Projection and » Projection /
resolution, during storage, illuminator optics illuminator optics illuminator optics
sensitivity and handling and use quality & lifetime quality & lifetime and mask lifetime
LER

. Optics quality = Projectionand |=* Projection and
for 32-nm half- illuminate illuminator optics
pitch node optics lifetime quality & lifetime

B == o > é .
X5 6-10 EUV @tz 28 SEMATECH EUVL Symposium 2008 7> 5

EUV BEkE w27 LU, v A7 5 — 2RO BRI RREA 45,
EUV S8 BA4E 1L, EUV SRR, 77 V0 — LR SRR, BRI SR, v A7 AT — 0, BHER ¥
TN AT AT RO 2N RS Ry HE, BLZER SR — | I AT
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ETRERES D, EUV BEEEE L, HE3K0D 248 nm HDV NI, 193 nm OFEEEEE LD IG@MEIZZ L 1RIF 4
THS, EUV BOCEERE E A DBIFE L7 >TD, Ml il 1/4 Dife/ MEFE Th D R ThD, XF 6-1012,
BTSRRI D B A TR LT, RIREL TR B W T U 7 IR SN CODL 0D R~ A7 | L
VAR, EBITIL, SR DFF A, AANRE ZL OIEIN KRR T D,

YeJi%, DPP(Discharge Produced Plasma)*LPP(Laser Produced Plasma)® — ARSIV TS, BFE
BEOEUVIEIRITIL, FIETDIeREL TSnHWGILD, Xe, Sn, LiZe& D& 705 —77 > MAEO IR D
HE, K&72CE(Conversion Efficiency)D G514 SNSRIV T, Mpt2 A, BIERZEHODPPTY
LPPT%, SnZE L T 5, fECALEERE /) 100 wph(wafer per hour) D EERKIZIL. 200W@IF (Intermediate
Focus: HRHE SNEICIITDEUVIEEFRE DR D RO LD, LPP T, 4T, BHEET 100W@IF
HESILTOWDRRE Tho7273, 2009 AT, i EARZREEICHE OO T —F R ld S, %
BROBENAIR T —[RIDAF ¢ L FEH TUEEEE 2 HILD 400msecDEHEFIRENEDHFHAL, 100msecDA > ¥
—/VULC, 18 B OE RE Cymert AN S LT, HIIIE 2040W T D, IR | FlIEESIA A Sstd
Normal incident ML Mirror 255 BRIZ A -T2, 7 7V EMHINATRIADRREL 55, Snid, 7T X< fRAEN
BT D72 KRR D AL TND, SEIFMAITIE, SnDOFREB R, KOG EA R/ T 57201, #—5
v MAEFCHHSnDDroplet{tiLaser pre-pulseZ il & o8 THWARG I HEA TS, 20~30pum ¢ D Sn
Dropletz 7 7 A~{b L, FEEY AR EHIEL, DVVT, KERTZRLF—%, COL—H —THEALEUVH
HSELEAMT DRI THD, 77V —/VRIE TR, EBIT, IF~DSnZx Fhisr e+ 57 70
N 752 P9 DHHE © HAZFRLTZD, Bt CAA Y ZBRIEL 7203 2 HAf 3 it s g, £z,
FHELT-SnZ a7 o I AL OGS TIRET DU | BIF BRI H 5, HEF5RIZ, DPPELPPT
D HHD 2D, DPPTIE, WA TEUVIEZ ASTSHE, RupEDORE TN T2 A THENT D,
LPPCIE, JVJAV V4 BECHifiE 4% Normal Incident ML MirrorZ VN T 4%, DPPIZ, BEICFull field? o
BEIZER S AL, SWphFEFER SZBIL T D, Snili B SnZ [RIfiSH I Z (G 3~ D iEE F  CRS AL O Wi 21 T
W, ST AL, EERITHIS TED I OMERE B FEL TV %, LPP, DPPOIFATEHZE AMRey » T
Do

VAL, RN, AN AT T 52 7 AR —DINEFARIIIN T U IR R 7 AT R— 7" G pia 5
T Ay VD, Mo-Si 2 & (Mo ~3 nm, Si ~4 nm, pitch ~7 nm, >40 layers), Capping(Si ~11 nm), Buffer(Ru
~1~3 nm), BESEIF(Ta or TaOxide, TaBN, ...50~70 nm)& W\ ST AEROEREEZ AL . KR~ 27 235,
PERERRI. BRI IR BT, £72. BOIAFN TIHWZRWS, 50~55 nm (S L L 72865 % VLT ~ A2
3D BhRAAKIKL | ffe DR EERDIREN /2SI TN,

~ A7 BARE DR OREIL, R [E Th D, R EOMNEIL, = 8dd, 3. 77 7 A0 MKt
T, ZRBIEIC R EENZ LD RDHND, FAZREERARENHY | FiuT, ZEEO XD EEETH D,
PEFRK T, 2RO APEDS BRI QOB EEZETHRAEL, 1.5 205 2 nm DB T TR RIC KRR & TRk
T %, BEZEDEIRNT, BURNZRAT 7 ZAEMO K OM LT, 45010 nm OHA AT 1.5 735 2 nm DEEZET, 32
nm HARD/Z =D 10%0D CD =7 —%4Te, IKIZ, /\F— RGOEEHATANKERIE TH D, FHZ,
BRMaZRETDEEICIBO T, ZEEOAFIEZ 50 TR REERI Loy F o 7T D83 2
HL72D, HERD FIB EIEHANCIE, Ga MU HIATI, ZEEA DS E G ROIK FEALIEN
HIHILTND, IOEDH ZDffEIL, MR CRIES NI~ A7), BEEEE THODBRE TH K [T
BV, IR MaNMRAES D EAN O T D, EUV ~ A7 T, (ERDE X DO~V IR~ AT
RIM~D KM EREEE/2 D, Fio, T 2Ix—a b TER N, H2EH T, A S IR
SHEBIIANA R —R 72 E O EZERO AN HEREL . ~ AT DRI T2,

VAN, FTo, EUV @A EA OB S, KR ChLT0 , v A7 H~O NFFE I, S
ZIATE, NA 0.25 OREFTIE, 6 LD AN E72D, T, EmEDH LIS 5 — Dy

-10-



D)) supiin—KoyIEREES T 20 FEHE

DX, ZOFENARLTFL T, NSO A FEN R 2 D723\, FRAGVERELIR BN BN 2D, T7bh | 14—
Y OEFHAELD, NAJEOMEIE, BHER(AY Y NN TERRS TN BIT—ERTIERD, 7LT
EMHENDRIEH T CER, BIFEBTE PO o BECIEL 10%LL 1, A0 BFEHECIE, 6~7%ES3TERY,
ALY AR THHIE T DL DD,

EUV LYV ARDBAFESHHEA TUVRUY,

BEIZR 725912, BUVEERIZEB W T, KR CTRAELZZEUV ORI BB IEF I, 20D 2% 5
ml/em’ VST EREL DARMIEESIN TVD, Lol RE S5 7 ELER/LWR O N7 AN ST Ru Y,
LER/LWRZfi#H-3 2 F Bl T HMI I TER N O K THH(XFK 6-11), 7=, Resist Blur&FHIALHCARDEE
TEBUZFEOR T DAL | MG EBUGIZ DLV AMBED FENRE, ZAUTHG I DHETHY | Resist Blurd
ST AYS Y Ta‘bé%@@\ JEOK T IELICHEE XL RimLI %‘%mm VRN, Fz, FRIZ, LER/LWRIE,
EUVLEA O Tl ArF7eE OFEHANIZ IV TH, BIETHY, Shot NoiseZn EBIGRD IR XK
W@%ﬁi@ﬁg?ﬁfik DIRFPED HILTND, LY AMHFEOHFIZIE, 53 FL P AMSOROI A D 0D,
i<, ArFL Y AR A2 OLER/LWR A 7R T L P AMA R BRI ES I TE Tz, LY ADT TR AL REE ST
VWD, BLZEHISR L= A, EUVIERREHC K- T, A S AR —R e RO T RIEE TR 5
ZENHBNTND, BRI LT TR AD RN ARDBAZEM Tioi T D, EUVL Y AR
BHOBIFEIL, B EEHlOBREE DN B S THBES LTS, 2009 21T, S5IZofE3 LV ANFIC AT 5-L,
FREA~OERIZHIFRH D,

=
o

LER (nm, 3 sigma)

o N O~ 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)

X5 6-11 LER & FEEDORE ooy dose

EUVEZCHAITT, B R E 2k B DEASILST2 RET, OPCUEER Y D EFHIZ /2 b D ST
WD, Ll BTRLIZ A IREORIES . 7L T ORIEIINEL 72D, ~ A7 RAAIE S DT DI Bz
=L THoTh, AT DN — AL 721 T AUE 725720, EUVLELH OMDP(Mask Data
Preparation) Fifff O BRFE BB L7 > TUNVD,

EUV #CEEEOMBEIL, £ NA ZHRIRL T, INZZDODIRN TV T DD R ORUWETH D, HFE
FEEE L2 B D BUWEAGRBE T D, EUVA 23BR%EL7= EEM AFEEHAIL, RO Iimz1 1<, IO
BAiZ, BEIC 6 BRT— I Ra B R TRl 280 S i ST D, v A7 U —DPRERb K
SRR THD, FHET v 7 DA AHEE L THREISIV TV, ZERESND L, 010 nm THY,

-11 -
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HERHOEREEIET D,

EUV SEHATORKROBEIL, —2LB 2615, OEDIL, BRIH L ThD, BRI~ A7 OB EDIL,
BT UEESN D LITE 2T, Fo, BLEEE TR E T 5/ N —T 17V EDFRED & 6O COE B
O, FHUBSOBSE, 7 — 2 OFERRE | RN ERLHY | e fifT g, —SHIL, 72720,
IARDRETHHIIMLIRE L THESITWD, KT — | Z-EN AL —T v hofilfiE72 5, BITE, 5
wph @ o BEDIFERE )L, 1%, BCESIL, T 7 A A& 2 S5 EERECIE, 120~150 wph 23RS
NTWDHHDEEZ BiIVD, EUV FCIEEIL, 2O @il Db 67050 RERMBRRE 2 WS, 0
AL RO BT ETHY | LR I7— D SUFROARSIZ D BED iR L | T DORFFam b3
FRREL 72D, 2010 452011 £EITIE, B BED ERAEHN TODE D EHIFFSNTVD,

—Ji. EUVL #tEAiroBisIE, WiEAfRD T D, BA%EIZ. SEMATECH, IMEC, ANT, Selete &\ o7z
=TT B, TIAT VAZETETZDOELEA-STND, L7 b B EEOFIL, —AHIBRESIL,
ASML 23171, Nikon 235 kit E72> T %, ASML 723, IMEC }2OY, ANT (2 ADT ZHIAL, Axv 5
TR 21T, Nikon 2 Selete (2T, EUV1 OFIALTHFEZT TV, 2009 OREhE B L OB AAD
TD, BRI, RSO BIR A FHEIS LTS, 2010~2011 FEOFFENE HEEL T D, LosLAe23s, EUV
HIROBAFIFAEIEL T, 2010 FEATIX, #IH0 BEEE S5 100 wph DAL—7" MO R IINEETHY |
2012 FRIBEG T HLSNHBFEM C, IGERRS D, LInL, v A7 LU ARDBFEDIEL TEHNNIELT
Wra 7L TR0, EUVL T, v A7 DR LA RERIETHD, £ ZRIERN N~ R T T 7%
R Kol DU DD, ZIEIEOL nm ORHIZR M SMAFRFHEZN RN ID KoL 72 DNEAR R gD EEEDS |
FTARAIRESNTND, TDAITIE, £F°, LTEM EXITNDFAMROFEEE 1.5 nm FREEO WM 220
AR EE S DB D, SHIT, ZRBIFERE TR T, /=T 427V O AZEREL 2T HE b7,
EHIZ, BUVL v AZIZRHEL 7o RIS EEAIZ LD ~ A7 DMK e kA B2 T U 7eblen, e,
TERDBEZD Pellicle 1%, ZOPEEAEI TR TE I, Pellicle-less £ DBRFE DM EEL /2> TUNND, LY
AN RELAE 1L LER/LWR DR —RF 7 2R LZRTIUIIRB720, BIFER EOMER T, Ames
% 22 nmhp D/ —2 DI AVT 41 TZ UL, BEEZIHIZE R, EUVL ORI IHEITIRD 720,

L2AL72 D30, EUVLASOHIFHIRE Y, 193 nmDRIR#2 AT Tl hpT 38~40 nm (£ F T 76~80 nm)
73, Single exposureDRFE725, ki<0.25 AT HIZOITIT, TG DDPTMELLIR DD | BT ARDfE
&, BEHHRIRIZA Y OPC/SBALEED £ 40 I 95, Single exposure T, kfEAKEL, OPCIARELLDH
BRI IHDEUVLIL, FERITHE ) D3 D88 B T D, EUVEELEAIN L, 32 nm, 22 nm, 16 nm, &5
2, 11 nmOHARIZISN T FGMERED ERL CEHEMESIIL TS, NA 0.5 X Dakatis ST
BY, HHMRE N —F DB EHAT e L THIFRFCE D,

6-2-4 ML2, NIL, DSA ft

16 nm LIfllDRSRR Cld, EUVL IR A S LT, ML2(Maskless Lithography), NIL(NanoImprint
Lithography), DSA(Directed Self Assembly)=X5{Z IL(Interference Lithography), 3D Integration 73 531 Tu
Do

ML2 ®%<i% EB T, Multi-beam & Multi-column (Z575HT&%, EB LIS Tid. OML(Optical Mask less
Lithography)&IEiE 415 Micro Mirror Array %z V5D 53R, Ton Beam % FiV 5 7 2 MRS T3,
FRIZWIHZ2 O RY, EB Z8HRE T 250D ML2 27RL TWDEE13 20, ML2 14, Mapper, IMS #1308,
2 DT YT N THEFICBRPED HIVTND, XF 6-12 [T EA LT, F2, Hiffio B pEClddh
L%, B BEEAVR T AL —T y ME, BIFHCIEE=m D, 2D %, REAEDVY 7 T7 LU TILEST
HIEIFTHERAR N, Lol WFZEBHSE , Zdnfli b B E CO=— X REL, FIeli~ A7 D a2z BT %
B L CORLEDITIFTZE DS TV Ve, % ML2 BRI, 2012 725 13 U EFEMA FHEL T D, AL
— 7 NOTERAV R UCEN RE R IZE DD T FafO#RZE TlE, EB #iBEY 2— /LA /I NI

-12 -
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L. ey 2— a7 T A4 —{ELC, 100wph ZH 2 D AL—7"» e BHEL Q5 (X5 6-13), IMS 1X, EB
& Ion Beam Z#IL@Da 7 NTEIZEL ., Bl S — 0 DIERGERZ 7R TS, JRERRREED B a4k H
T-FRETHD,

IMS Mapper KLA-Tencor |Multibeam Advantest Vistec
Company |Nanofabricatio |Lithography Systems

n
Name PML2 MAPPER REBL MBX MCC MSB

Massive Massive Massive Multi column  |Multi column |Massive
Beams

parallel parallel parallel parallel(?)
Acc. 50kV 5kV 50kV 50kV 50kV
Voltage

“10M 13k >1IM 88 (30mm wafer 16
Pixels 262k APS pitch) mask 4 (ASET)
E Line scan Reflection+TDI [3rd Order CP+VSB VSB 8x8

Xpsoure . .
method 26 mm slit Imaging
length
TPT Swph 10wph 40wph(Via) >15wph(Via)  [“10wph
2wph(Metal)

Cluster Cluster Rotation stage |Cluster ?
TPT 6 wafers
VP tool 201287 201182 20138 ? ? 2010
Funding EU .FP7 MAGIC|Proto —> DARPA TEL ASET-
. project TSMC, LETI D2I(mask)

X5 6-12 EB ML2

“Full field imprinting of sub-40 nm patterns”, J

Examples from tran

L EETESENEN W
sition regions

el L

eongho Yeo, Hoyeon Kim, Ben Eynon, Samsung Electronics Co., Ltd,

Proc. of SPIE Vol. 6921, 692107, (2008)

[XF 6-13
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(e

University of Wisconsin-Madi
{&,d’ CNTech Center for NanoTechnology

Pattern Density
Rectification

A pre-patterning with e-beam Mullipfication

resist
'S brush

13 0, plasma & resist stnp

-L,=2L
- -

|

spin coat
block copolymer (L)

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 = 2LO0 (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% 6-14 DSA  Guided self-assembly |Z & % & Tzt

NIL (&, #ff ~7—2 % 7z LER TIERKCE, Fio, Tal AF v —r 7080 3D #ds, —iECF
R CELEMEL TERSILTN S, UV a2 AW THRIRDOL P AMA B S, 2777 U RUE—R~
% MIL #1:0D S-FIL £ EATL TD, 1:1 DA T T L — b 27 DRUER | 7 I A A MRS DORE
ERSIVTUNZDS T TA A MEEEDS 20 nm Z U155 Rb iiES, A R 7o, 7\ (M A~OE % B 5
LIS 1 B S, fERD =L 7 o T2, Z—T w hOSEB RSN TS, Kok 28 4% 0
BeABAR BN A IE B L QO ERSH S (X 6-14),

F7-. DSA(Directed Self Assemble)ld, FLEKAT 47 ~Dii % B3 BRFEOHG,| A& A HERED AT
REMEDMERINDRE | EHS TS, iEDZ<IE, PSSMMA Block copolymer & V%R T, #7EkER
TRFDE Y TF LA R(TA AR AP AR DL, Ry NI H T NR— VA R AL CND SIS
M5, PERRLET T A TH, e IR TETHASNAAREERHY , KR, IEFERES TV
Marking &5\ T, HAMEZEFH T 5/ 32— 2 HWDEL T, 5, HDVE n (5O CRAINICELEL C
WS AR OBRFEIZTE B 2ME £ 5(1XF 6-15), ITRS DUV Dr—R~v7 T, 16 nm OEAfifEMCH D, £,
iTWG T 2009 FERRA~DiERHD Tl Interference Lithography O RIREML FEfSILCUD, TikRA RS
THHDT, HHRTW, HONFUNERTFBICED TAL T U RANR—=ZARa Z I T LA DTEE)S 7lEE
2725,

3D-Integration ZFEAHHAEL TZET TNDD, V7T 7 4 HAf i ~DOERIZIRETIT/2\, TSV X, 7Sv 7
—VEIROFIE T 7 OV a— VRO IR CRFSIVTERY, Von— BT ipm ByF TR
ARIR~10 O EIBILOTERDN S —F o R 72D,

6-3 ITRS2008 D HXVHH

2008update hiIZ 31T DFRRRIEM D RIELORA M, EUVL f256EABRR OHER - FZRLREN 5D,
o, TAAADR RN Y 7T 7 4 BRI BRSO EAED S B2 Ao T2,
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B ROBHLKRITIRO = HTh D,
X 6-15 VI ITT7 4 ~DER
X 6-16 LI ARDER
M3 6-17  7AMT AT ~DFER
® RGN, BT — 7 LD REL
BE D FLNENE 2004 4RI ED HIVTH DA BEHEL TRV I LM,
> BCDOALTIHVAT, By—v, VURANE) PEYT 5/ —RICRILERSILTOD e,
< a Tool KOMZEDAL 7783 FERNZHEHSNDI L,
< B Tool MONZEDALT7T32 AERZHE SN,
& BPEEE R OO 7 TP EERMAO1 RN TE 5 RiEL ThdT L,
BHIpdEt ZOL EDY—Tar DIC A——PEFEITHE T 52843 L TnHIE
N+3 LD /—R TIXZ DR CTiI7auy,
FRFFRARE L CRREN DD, B 7V T A TNV BRI T 277 /a4 ThH L,
KT DN — /L HHEFTL100 HUL s sl Tého e,

PLEDERIL, ZEAEERZ—7 NI LTS O THAI, BFERMROEFEDS, 4105 10000 F>7/H D
ARE BT & DM T, VY7 T 74 TRIZE W T, H—OREE T, H— 0O~ A7 TEB W REZR K
12 TCNHZEH MG T HMEN DD,

6-3-1 V7T 7 4B ~DER

B 6-15 (2, HETSNIZV Y 7T T4 ~DER—FaFKA77T, MPUDHIZS RES TS TUD, MPUD
Gate-LOFGHM LS, JeE0EiLTud, Ll Ml B TF DR —U 718 H 13720, Gate in resist) RIS
L. Physical gate length~D/ AT ZEDFEFISFL T, Gate-LOFHIM LS LL TD, 612, BHIRVICH
Ml B TR L TORITFEMSITNL, Lo, Gate A —U > 7 OFEFIAA L TV T, CD(Critical
Dimension)’ N7 (29 A ERIFAKRIREL Tk <, BRI TR T FLIAZIIFFHAL TR0,
F7-. DRAMIZ, BEIZ, 6F* /W58 ITBATL., SHIT, 2011 I, 4P 2 FEL TOBA, M 6-15 121
JCBESHLTUR, 4R 0T, RSN RELSLE DY, V7T (kT D ERNFICEE N TAESNDD,
2008 FEFEIE. 7RI AT TR, TARAANRY =N KT VT TT7 A Hfi BRI, k) 5
725U %, Flash Memory?73, E/LE Y F ORHMETHEITL, DRAMIZ, CDU, A —/3—L A TjgkL<, MPU
1%, 7 —RDHNL 2 —2 T, CDU, SHIZKaL~L TEERIZEHL T VD,

>
>
>
>
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Table LITH3 Lithography Technology Requirements

D)) supiin—KoyIEREES T 20 FEHE

Year of Production 2007

2008

2009

2010

2011

2012 | 2013 | 2014 | 2015

2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

DRAM Y2 pitch (nm) (contacted)
DRAM

68

40

36 | 32 | 28 [ 2

28 25

2198 216

31 28

28 25

5.7 5.1

DRAM ¥2 pitch (nm) 68 40 36 32
CD control (3 sigma) (nm) [B] 71| 6.2 5 4.2
Contact in resist (nm) 75 65 57 44 39 35
Contact after etch (nm) 68 59 52 40 36 32
Overlay [A] (3 sigma) (nm) 136 | 119| 10 8.0 7.1 6.4
k1193 /1.35NA 0.48 ]| 042 | 0.36 | 0.31 | 0.28 | 0.25

0.22 ] 0.20 | 0.18

23 20 [ 18 16 [ 1e {13 [ [ 20

23
23
25

20
21
22

18
19
20
23 20 18 16 14
45 40 36 32 28 25 23 20
AR ATy 0.12 011 010 0.09 0.08 0.07

16
iy
18

14
15
16

13
13
14

11.3 10.0
120 NN
124 110
13 113 100

k1 EUVL
Flash

Flash % pitch (nm) (un-contacted poly) 54

0.74

3 23 JEU

0.66 | 0.59 | 0.52 | 0.47

058 | 052

18
19
20

16
17
18

14
15
16

13
13
14

11
12
12

10
1.0
11

8.9
0.9
9.8
18 16 14 k) 11 10 89 80
59 53 47 42 37 33 29 26

8.0
0.8
8.8

CD control (3 sigma) (nm) [B] 56 | 47 4 Kl 29 26 23 21
Contact in resist (nm) 59 50 44 35 31 28 25 22
Contact after etch (nm) 54 45 40 32 28 25 23 20
Overlay [A] (3 sigma) (nm) 17.7 ] 149 | 13 94 | 83 | 74 | 6.6
k1193 /1.35NA 0.37] 031 028] 0.25| 0.22 | 0.20 | 0.18 | 0.16 | 0.14

012 011 0.10 0.09 0.08 0.07 0.06 0.06

k1 EUVL
MPU

MPU/ASIC Metal 1 (M1) % pitch (nm) 68

0.37

32 28 25

MPU gate in resist (hm) 54

25 22 20

MPU physical gate length (nm) * 32

18 17 15

Gate CD control (3 sigma) (nm) [B] ** 3.3

1.9 17 1.6

Contact in resist (nm) 84

39 35 31

Contact after etch (nm) 77

36 32 28

Overlay [A] (3 sigma) (nm) 17

8.0

7.1

6.3

23 10.0
18 7.8
14 7.4
15 0.8
28 12.4
25 11.3
5.6 25

20
16
13
13
25
23
5.0

18
14
12
1.2
22
20
45

16
12
11
11
20
18
4.0

14 13
11 10
10 9
10 09
18 16
16 14
35 32

11.3
8.8
8.1
0.8

13.9

12.7
2.8

k1193 /1.35NA 0.48 | 0.42 (O QORI JeN% g 0.12  0.11 | 0.10 | 0.09  0.08
k1 EUVL 0.47 | 0.58
Chip size (mm ?)
Maximum exposure field height (mm) 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Maximum exposure field length (mm) 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
Maximum field area printed by exposure tool (mm ™) 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858 | 858
Wafer site flatness at exposure step (nm) [C] 63 55 48 42 37 33 29 23 20
Number of mask levels MPU 33 35 35 35 35 35 37 37 37 37 39 39 39 39 39 39 39
Number of mask levels DRAM 24 24 24 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Wafer size (diameter, mm) 300 | 300 | 300 | 300 | 300 | 450 | 450 | 450 | 450 | 450 | 450 | 450 | 450 | 450 | 450 | 450 | 450
NA required for Flash (single exposure) 101|120 1.35| 1.52
NA required for logic (single exposure) 091] 1.04| 1.20| 1.38
NA required for double exposure (Flash) 0.54 ] 0.86 | 0.96 | 1.08 ey 172 1.93
NA required for double exposure (logic) 0.62] 072|082 0.95| 1.06 | 1.19 | 1.34
EUV NA minimum 025[025]025]025] 025] 025 035]035] 0.35]035] 0.35] 035 0.50 ] 0.50]
Double Patterning solutions
Manufacturable solutions exist, and are being optimized
Manufacturable solutions are known
Interim solutions are known | 4

Manufacturable solutions are NOT known -

[X|3% 6-15
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Table LITH4AB Resist Requirements

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 ] 2020 | 2021 | 2022 | 2023
DRAM ¥z pitch (nm) (contacted) 68 59 52 45 40 36 32 28 25 23 20 18 16 14 13 11 10
Flash % pitch (nm) (un-contacted poly) 535 | 45.0 | 40.1 | 35.7 [ 31.8 | 28.3 | 25.3 | 225 | 20.0 | 17.9 | 159 | 142 | 12.6 | 11.3 | 100 | 89 | 8.0
MPU/ASIC Metal 1 (M1) % Pitch (nm)(contacted) 68 59 52 45 40 36 32 28 25 23 20 18 16 14 13 11 10
MPU physical gate length (nm) [after etch] 32 29 27 24 22 20 18 17 15 14 13 12 11 10 9 8 7
MPU gate in resist length (nm) 54 47 41 35 31 28 25 22 20 18 16 14 12 11 10 9 8

Resist Characteristics *

Resist meets requirements for gate resolution and gate CD
control (nm, 3 sigma) **t . = d 5 . 1.7 1.6 1.5 1.3 12 11 10 09 08 0.8
45-80 40-75 35-65 30-60 25-50 25-45 20-40 20-40 15-35 15-30

Resist thickness (nm, single layer) ***
PEB temperature sensitivity (nm/C)
Backside particle density (particles/cmz) . . 0.28 | 0.28 ] 0.28 | 0.28 | 0.28 0.28 ] 0.28 | 0.28

Back surface particle diameter: lithography and
measurement tools (nm)

Defects in spin-coated resist films (#/cm 2) T 0.01 0.01 0.01 0.01 001 0.01 001 0.01 0.01 001 0.01 0.01
Minimum defect size in spin-coated resist films (nm) 30 20 20 10 10 10 10 10 10 10 10 10
Defects in patterned resist films, gates, contacts, etc.

(#/cm 2) 0.03 0.02 0.02 0.01 001 001 0.01 001 001 0.01 0.01 0.01
Minimum defect size in patterned resist (nm) 10 10 10 10 10 10 10 10 10

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

Correlation Length
Defects in spin-coated resist films for double patterning
(#/lcm2) ! I 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005

Backside particle density for double patterning (#/cm2) 0.14] 0.14] 0.14] 0.14] 0.14] 0.14] 0.14] 0.14| 0.14] 0.14| 0.14] 0.14 | 0.14] 0.14 | 0.14] 0.14 | 0.14

Manufacturable solutions exist, and are being optimized

Manufacturable solutions are known
Interim solutions are known | 4
Manufacturable solutions are NOT known -

X5 6-16 LA M A~DER
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Table LITH5AB _ Optical Mask Requirements 22 nm
Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
DRAM/ MPU/ ASIC (ML1) ¥ pitch (nm) (contacted) 68 59 52 45 40 36 32 28 25 23 20 18 16 14 13 11 10
DRAM CD control (3 sigma) (nm) 7.1 6.2 5.4 4.7 4.2 37 33 29 26 2.3 2.1 1.9 1.7 1.5 1.3 1.2 1.0
Flash ¥, pitch (nm) (un-contacted poly) 54 45 40 36 32 28 25 23 20 18 16 14 13 11 10 9 8
MPU/ASIC Metal 1 (M1) %2 Pitch 68 59 52 45 40 36 32 28 25 23 20 18 16 14 13 11 10
MPU gate in resist (nm) 54 47 41 35 31 28 25 22 20 18 16 14 12 11 10 9 8
MPU physical gate length (nm) 32 29 27 24 22 20 18 17 15 14 13 12 11 10 9 8 7
Gate CD control (3 sigma) (nm) [A] 33 3.0 28 25 23 2.1 1.9 17 16 15 13 1.2 1.1 1.0 0.9 0.8 0.8
Overlay (3 sigma) (nm) 14 12 10.3 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
Contact in resist (nm) 84 73 64 56 50 44 39 35 31 28 25 22 20 18 16 14 12
Generic Mask Requirements
Mask ification [B] 4
Mask nominal image size (nm) [C] 214
Mask minimum primary feature size [D] 150
Mask sub-resolution feature size (nm) opaque [E] 107
Image (nm, { ) [F] 8.2
CD uniformity tion to mask i 0.4
MEEF isolated lines, binary or phase shift mask [G] 1.6
CD uniformity (nm, 3 sigma) isolated lines (MPU gates), binary or attenuated phase
shift mask [H] * 3.3
MEEF dense lines, binary or phase shift mask [G] 2.2
CD uniformity (nm, 3 sigma) dense lines (DRAM half pitch), binary or attenuated phase
shift mask [J] 5.2
MEEF contacts [G] 3.5
CD uniformity (nm, 3 sigma), contact/vias [K] * 3.2
Linearity (nm) [L] 10.9
CD mean to target (nm) [M] 5.5
Defect size (nm) [N] * 55
Blank flatness (nm, peak-valley) [O] 250
Pellicle thickness uniformity [P] 5.0 . 3 . . . . 4 ! , b d 5 d
Data volume (GB) [Q] 413 10484 13209 16642
Mask design grid (nm) [R] 2

PSM ion mean deviation from target (+ % of target) [S] 4

PSM ission uniformity (+% of target) [T] 4
Attenuated PSM phase mean deviation from 180° (+ degree) [U] 3
Alternating PSM phase mean deviation from nominal phase angle target (+ degree) [T] 1.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Alternating PSM phase uniformity (+ degree) [U] 1
Image (nm, ipoint) for double patterning of il layers [V] 5.8
Difference in CD Mean-to-target for two masks used as a double patterning set (nm)
w] 2.7
Double exposure: image placement for each mask used for exposing mutually

layers (nm) [X] 2.4
Double exposure: mask CD uniformity for each mask used for exposing mutually

layers (nm) [Y] 2.4
Double exposure: dual space, etch bias ity and uniformity [Z] 1.6

Mask materials and substrates Absorber/attenuator on fused silica

eticte for optical masks for exposure wavelengtns down to 193 nim, including masks for 193 nm immersion |

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

Interim solutions are known | 4

Manufacturable solutions are NOT known -

X% 6-17 T F bV AT ~DER

6-3-2 ITRS2008update (23311 BV 757 1 fRps(BAE (Potential Solutions)

Lithography iTWG “Cl&, 2010 4, 45 nm, 2013 4=, 32 nm & HLNZVY 757 ¢ HAROFRRFGER O FE L
ZATo7(X7% 6-18),

2010 4, 45 nm /&, 193 nm immersion with water DAL L7, IHIT, 2013 4=, 32 nm OFEMHZEFREL . 193
nm immersion double exposure/patterning %55 —OEfH, EUVL %3 Ol 372 - DIZEIAATL, 45 nm
1%, 193 nm DO/KIRIRFESEHANTC, Single exposure TREERLSIVAHEHIBIL . F7-, EUVL 1L, KR, BAFSERREIC
HDH728 . 193 nm immersion with water O\ DIZEDIAATE, 1.35 23F¢ K NA &&415 193 nm immersion with
water T Single exposure D[RFLL, Hifliip 7 —2T, T 80 nm 55, FHAIK72 L&S T, hp 39~38 nm
DM IR TD,

2013 4E, 32 nmlZHL T, FRRRIGAE 2 7 V38— = ZHATEEUVLE LT, BRI E VS
193 nm immersion|, BEIZBHFEH ILIZEED | Table ) HHIBRIIL TS, F2, ML2, ImprintlX, $EHHILHF
W BPERAISEL TR SR, HIBRLTZ, SHIC, EUVL@F?%%%%S‘BEEQEL’C WHIRILZ RS &
T NG —= 7 i, EUVLONE NP2 RUELL 7=, K0, W i2i3, EUVLI, 2013 £RIZFEHMEO ATRE
PED DD EHIMIL , 2013 HEIRER T, DRAMT@H%@T’@E‘W%&HE%ZLL EUVEBIIERE O BpER o H
il 2011 FELAREEE AL, 2013 FITAEPEICF G- CEDATREMED B D, AL THEAT I S Flash T, BRI,
2009 IR§C, Spacery 7 /L 32 —= 7 NITRSD EFR ThAH _fL Tl HZ IV T 51, 32 nm hpD7 /3
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ARAEFED IR ARSIV TN D, EUVLAMNEFIZ IS, 1~2 FERTNCHIRS HES L, 77 A ADBHFE B
MG, EPREZRD, 2013 452 32 nm hp®DRAMSCMPUD EREIZED E7-HHATE L CERASN D Z IR
SRURT WRENWEHIWT LTz, X7 N —= THARIE, k025 OEEEFTHARY | fifIEeEE M52 5
FAirE LT, hp 32 nm TH 70725 ) DR FTRE TdHr D,

22 nm PIAMIZBAL Cid, EUVL ZAdn
fERiEL T Wb, £, B,
Interference Lithography Z- £ 071 2 HY
FiFBiEEw A B -T2, ML2, Nano Imprint,
DSA DFE#IIKRERZE(biT e, F7-,
22 nm (Z 193 nm FESEHIO FHEMED B
“ . = 183 ion other fluids HE LTz BT NNE—= o T 155
' [F13 925 O TR LD, 55D
XU R — DIERN ATRE THDHEL
72

DRAM 172 Piich

65

NN —
| [ DRAW Hali pitch

| |

n ater K aows e NN
45 n e patterning options ;-‘\\\\§\\'

16 [l
I

B Research Required BB Development Underway [ Qualification/Pre-Production ESSSSY Continuous Improvement

This legend indicates the time during which research, and production should be taking place for the solution.

Notes: RET and lithography friendly design rules will be used with all optical lithography solutions, including with immersion; therefore, they are not explicitly noted.

XF 6-18 TR CHEE R R A

A%OIEEOFTIL, 22 nm, 16 nm 52 11 nm RO T ASAANMNIEL TV 757 45z RAGRD
T 7o HAN R N2 D280 & 8O C | AT O Btk SR 20> Cu <,

6-5iTWG i&EEh

Technology Pacing Meeting[IRC, Litho, FEP, Yield, Interconnect, Design, PIDS]TlX, MPU® Gate?>
Scaling 27— 7 Dupdatel, FlashDH— A ZHASNHHELR N oSz, 2, DRAMITL, 2011 12 4
F*2/UIZB1 T35, NAND FlashiZ, 2008 4£1Z 34 nm hpD LA —HB RS TIBY, 2009 4E12 32 nm
hpD B AIFEFEI I, 2009 FEO%AEA . 40 nm hp2 5 34 nm hplZEEHLZ D7 EAMRRSINTZ, V7 T7 ¢
~OFREHEO IRV, 2009 FEIROFREEE 72> TUD,

ERM TWG O WSIZEHIL, AL AMA L, a7 b B2 ao72, MG(oy T AT AL A
FORFa 7M. DE MEEREOHFREBEPEHREINZ, 22 TH, RSL
(Resolution-Sensitivity-LER/LWR)N—R A7 35T, K2 DE 7 2B A EFCIL, IR0 E IFRFT
D128 MTEOOFEN DML 2D EINBRS N TUND, 8129 Magic material [, FERREH DT
A B2 E WD, fE R, R EDSVE 725, “More Photons” for scaling 23U\ DDk im Tdho7-,
Flo, LYANDOE O FEREL T, MG IZ2TOREREA G A ST LU AR, 2-stage LV ARDIRSE
S CWNDET ORI - Eimn o7,

Modeling & Simulation TWG &V 277 41ZB810% Modeling & Simulation FT R Oifima AL 7=, £
7= Fraunhofer CBH¥EL TV 57127 2« Mesoscopic model DFFI %521 F 7=, LER/LWR ORI ZIL, S DOH
fRDSAHEETHY . ZOFRDETF /L O EEPE L TVD,

Metrology £DZ7AH T, VA, NGL/ML2 (+EUVL)ZHiA C, Die-DB ¢ Wafer fi D& Fift4
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FEfELT=, 4= Array/Column OEWERFECTE/2N B X D8, v AY TREESIVR O ML2 728 Cld wafer £H0R4
HIRFFIZA-TLD,

Lithography iTWG DA EFHEL T, 2009 FARIZ AT TD Table SUETEEIL, % TWG D455 % Table
TEITRO TR T HZEE72D | RHIAREZEL 72, 2009 FERCIL, 16 nm 23 Near term (ZA->T<LD,

450 mm |ZBEIL T, BATORHEL2D 30%DAAMEIRIEZ) Y 257 438 CIENEET, BIEO FHIE
0~15%&E 2 LIV Lk uto VT INPARZIERL A v BAMIZTZEIZL0AL—T v R R
TEDHAREMD DD, TDHE. 9 AT AHDHNNL, 6 X9 AT LWV ST RHEL T 7 VO RIHEMDHD
Slit MEEZ %37 Jwﬂvﬁ%ﬁﬂ XF 720 THLT20, HFRITHANCEE LN TRIGTED, Ll
~ AIBGEAL T T OFFIIREILAIDHY | 2T ATV,

More than Moore |28 5immI TR TE QRN U7 T 7 2125 AER N F T M L TE QR
W, D7 T7 4 B O E KD L CETEZRTUE AR B 0 AT, xf%é:iﬁé%*ﬁ BN LE LD TE
Wb, £, 3D MMTNEZFETERINDON B TIX\, 5% O CAlREME Lo TfTE
[

-6 FLHLEH%DFE

2008 i, ML O INEES AN E T F T B LT 24 Th D B DO RPUZEA LT AEL 72 5T,
T AL VR AL, KO IMIED v L OBRFE 2 ReD T D,

EUVL OEIEL, 205 HOREZ 22 nm fHRETI 2218720 Ritd bl Tva, BEIZ 32 nm AR
2013 F-CTOHHADZAIL T H L > Dd%, —J5C, Pitch Splitting ZE 354 7 N/ \F—= 7 Hfn L,
A —N—L A7 E DLV EE R, BREHAMIIINA T, TREOBEIICHES 7 ot Aaxbo R HiR
YR CIIR NN @R S R o T2, T ORER, LELE (2B A3 ANE R THH =y F o7 TAEA NI
LA ELT, LFLE 235 H &4, BRI/ o7z, L)L, LFLE Th->Th, DIV TV 72FE
K TREROITANIFE TEHLDOTIZHE , F/=, Flash ATV —~DiEHMAEE-> TS Spacer Feftii, ik
Lo F o 7 TRENEMETH Y, Pitch Splitting LA LD AREZRBEIN TS, ZD72 | BARRL D
Spacer #1E2E DBAFEANE B Z41, ZLOIEDKNS I, Pitch Splitting #HD72D D/ —2 T —5D
H & EBROMRED D DI, 32 nm HRE X T L3 — = 7 H G T OUEEHEE X B>
BB, L, X TN == THAROBE AL, AR THSH D, T/ 3 A — OFRHEIZIGEE T,
B2 A 3R T 57211Clak, T3 A — 2 D Fgi b HELEED TR U7 brau,

KT NNE—= 7 3T 193 nm FENHEANOIEMO 2%, HE~ AV & ot 3% SMO <,
et = AMNTH I LA CL O#hEN, A% E T ETHELRD, 4R HFCIEE O [R
RETHNZ2TFHEEL T, SMO X° CL ~DOEVFAN, Y DR KOFEE 2D,

2009 FEDFEEITIEL, EUVL O RAROZED, 512, IO IS e 720 DFgE /b — R~y 7 D
RIEIZAT TEEIL TOE7W, EUVL T, RO DR B =FaHS 073, fhod EUVL 23R
FAROBAFEDNEFREE N Z 72, v A7 DEER b, V27 O~ 27 DIEF AL, EUVL ORREED
BL72%, F1-. Actinic A« FHROMEEMENR EFES TOBIZHD DL TE SRR EL ., BIFAERL T
W EIZH RS B, EUVL OEMLO BARD BSHTH, kDRI T, B, EUVL OfEfs
A DAFAHHAT L D s « KEA IR IRV B D2 AU B2\, UV 7T T A BRTIE, L D%E T — o
a9y 7 EDFIMESITND, BINTEHMOAHRE ., [FROLAATERIIZHED T, n—RF~y 7 ~O KB iR
BT T TETNEB 2 TS,

-20-



