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IC & Lithography roadmap
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NXE:3100 is the 1st generation of the NXE platform

* NA=0.25

* Sigma=0.8

* Resolution 27 nm
* SMO=4.5 nm

* MMO=7.0 nm

* Productivity
60wph at
10mJ/cm? resist
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W
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TpeboBaHUA K NCTOUHUKY EUV

e [1n1VHA BOJ/IHbI 13.5 [nm]
eMowHocTb (B 2% cneKTp.nonaoce) >180 [BT] (A0 500 BT)
e4acToTa NOBTOPEHMUA ao 50 kly

ePasmep UCTOYHUKA He npesBbiwaet 1 mm3
e|Integrated Energy Stability +0.3%, 36 3a 50 umnynbcos
eSource Cleanliness (defined as

collector lifetime to 10% reflection loss 2> 30,000 yacos

reflection loss)

eSpectral Purity:
130-400 [nm] (DUV/UV) <7%
IR TBD




B HacToALLee Bpemsa paccMaTpUBaloOTCA AiBa OCHOBHbIX cnocoba co3paHua YO
UCTOYHUKOB A1 NPOMbILU/IEHHOW NPOEKUNUOHHOMI AnTorpadun:

[Mna3ma, cospaBaemas npu [1Tna3ma anekTpmnyecknx paspsaon
doOKyCMpOBKe fla3epHOro N3nyvyeHuns He (Z — nMHq)
MULLEHb
» Laser-Produced Plasma source * Discharge Produced Plasma
source

® Sn droplets

® J..-—] Foil

Many kw . _ trap

laser

I Grazing
Sn coated Ru coated collector

Rotating disc

Near normal
Multilayer collector

* CO2Z laser Direct conversion electricity =>
* Sn droplet target plasma

» Debris mitigation using background Sn liquid

gas and/or magnetic fields Debris mitigation by set of foils
* Near normal multilayer collector Grazing incident collector

* Pursued by: Gigaphoton, Cymer Pursued by Ushio




Mporpecc 8 yBennueHnu EUV mow,HOCTU KCEHOHOBbIX UCTOYHUKOB
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BY® cneKTpocKonmMa mMHOrosapaaHbiX MOHOB:

Cnekr

=

d3Mbl 0/10Ba C BbICOKUM CNEKTPA/IbHbIM pPa3pes

EUV cnekrp onoBa COCTOUT U3
[IEPEX0JIOB B MOHAX PA3JIUYHOU
KPaTHOCTH MOHU3ALIHH.

2 % nonoca

/ 1io|' %gp_# 30 10 150 160

/ snl Lamb}ig (A)

)

134 136
Lambda (A)




nJ1IomHocmb

MwulLLeHb - 0ONOBO

memnepamypa

MwulLLeHb - 0ONOBO

Jlasep

NMna3ma, co3paBaemasi
npu ¢pokycmpoBke
rla3epHoro U3ny4veHus
Ha MULLEHb



Plasma density distribution along laser N d
beam for Nd laser, 1.06 um
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Figure 10. Plasma density distribution along the laser beam for
1.06 pzm laser radiation of Nd-Yag laser.

Plasma density distribution along laser C02
beam for CO, laser, 10.6 um
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Bbibop nasepHon cuctemsl
01149 Harpesa niasmbl U
reHepauun EUV mnanyveHus
ornpenensieTcs, B YaCTHOCTM,
9P eKTNUBHOCTLIO NpoLecca
nepeHoca 3aHeprmn us
obnacTtu nornoLieHus
na3epHomn aHeprum B obnacTsb,
n3 kotopon EUV pOTOHbI
noKuaaroT niasmy




Komninekc npo2pamMm Orist HUC/IEHHO20 Modesiupoe8aHUs
RZLINE — THERMOS - BELINE (R-T-B)
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Experimental and calculated spectra of Sn flat target EUV source at
0.36 J

—experiment
—modeling

12 14 16
Wavelength, nm

10




KoadhdhnumeHT npeobpasoBanHua nanyvyeHmsa CO2 nasepa B
EUV hoToHbI B Y3KOU cneKkTpasibHou norioce 2 % Ans ninockou
MULLEHMW.

' mE'xperirﬁen't T
RZLINE ——

CE in 2% BW in 2%, %
w

1e+008 1e+009 1e+010 1e+011

Power density, W/cm?

[1nockas MULLEHb He paccMmaTpuBanach B MPakTU4YeCcKoM CMbICe 13-3a
TpyoHocTen cbopa nanyvyeHus (00ckypaunsi) n BbICOKUX TEMSOBbLIX HArpy3okK v
bonbLoro KonnyecTsa pa3dpbI3rnBaemMoro orosa.



KanenbHaa muweHb — mass limited approach.

* Laser-Produced Plasma source

@ 5Sn droplets
L]
Many kW
laser
i
Near normal

Multilayer collector

4 ! ! ! ! ! ! ;

100W 1st Generation Laser-
| Produced Plasma light source
| system for HVM EUV lithography |

Hakaru Mizoguchi*1, Tamotsu Abe, Yukio
25 ¢ Watanabe, Takanobu Ishihara, Takeshi

: Ohta, Tsukasa Hori, Tatsuya Yanagida,
=~ 2 | Hitoshi Nagano, Takayuki Yabu, Shinji B
5 Nagai, Georg Soumagne, Akihiko Kurosu,
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Figure 7. EUV CE as a function of the droplet diameter

KoaphdoumumeHT npeobpaszoBaHus Angd KanernbHOM MULLIEHN OKa3aricsl O4eHb

marneHbkum (0,5 — 1 %).

[MpuynHbl: 1) cnnbHoe oTpaxeHne UK; 2) manbin pasmep MULLEHN MO
CpaBHEHUIO C pa3MepoOM KayCTMKWN Nna3epHOoro ny4ka.
bonbuwoe ompaxeHue UK moxxem 6bimb ¢hamarsibHbIM OJisi
numoezpaguyeckoa0 npouyecca




UpeanbHasa muweHb (1)

-O6nako napoB ofioBa C MNOTHOCTbLIO BONM3u/
HUXe «KPUTUYECKON» YTOObI n3dexarb
otpaxeHusa UK usnyyeHus.

* pa3mMmep — HECKOJIbKO COTEH MUKPOMETPOB —
COOTBETCTBYeT TPeOOBaHUAM ONTUYECKOMU
CUCTeMbl U AOCTAaTO4YEeH AJ1A NONHOro
NOrnoLweHuA nasepHoro Usry4yeHus

Oxxunpaetca sbicokuu CE; * O4YeHb KOPOTKOE BpeMA XU3HU —
Hu3Kunit yposeHb paccesaHHoro UK; npwu ckopocTtu pasneTta naasmbl 5e6
«NPaBU/IbHbIN» pa3mep; cm/s n xapaKktepHom pa3mepe D =

3e-2 cm — Bpems }KU3HU —
HECKOJ/IbKO HAHOCEKYHA,



WpeanbHasa MuleHb — pacnpeneneHHas MyULlleHb

SEn e

i e CocTouT U3 bonbLlioro yncna
._,,_: _~"?~*t :a,;‘::'.;,f:&..;,.. MUKpoOKanenb ¢ pasamepom 1 — 3
X MKM, KOTOpble NOCTeNeHHOo
ncnapsiicb nogaepXxmBaroT
cyuiecTBOBaHMe nsiasMeHHOM
MMULLUEHU B TeYEHUM BCero
fla3epHoOro uMnynbca.

Matn pulse asqr after EUV emissmn

prerpidaa irpac i [BUV emission Time

a) without main-pulse laser

JTaszepHbIn «npeg-unmnynse»
pa3buBaeT Kanmk ofoBa Ha
MMKpPOKannu

OCHOBHOM NasepHbIN NMMYIILC
co3faeT nnasmy, Uarny4aroLLyto

Figure 5. Shadowgraph images of the Sn fragments I (a proper condition) E UV




--------- S, il S

P S

D

.............................................................................

- single droplet -

200 300 400 500

target diameter D, um



Nna3ma, co3gaBaemas npu (pOKYCVIpOBKQ a3epHoro
n3ry4eHmnsAaA Ha MULLEeHb

*bornblune Hagexabl, Hanps>keHHasa paboTta coTeH (ecnu He
TbICAY) NOOEMN;

*OcTatotcsa npobnembl ¢ paccesiHHbIM (OTpaxeHHbIM) UK
N3nNy4yeHnem

*ELle oanH nopsigok no mouwHoctn EUV



Pa3spagHasa nna3ma, Kak nctouHuk EUV nanyyvyeHus

* Discharge Produced Plasma
source

- Foil

nla

|5 (Grazing
Sncoated R coated collector
Rotating disc




PassutTue « MMKpONUHYE» B pexkmme paguaLMoOHHOrO
cXatus

B akcHMaibHO-CHMMETPUYHBIX pa3psaaax ¢ JHepruen
1—-10 Jdx nznyyenune EUV npoucxoaur B MOMEHT
Pa3BUTHA NEePETAKEYHON HEYCTONUYUBOCTH B CTOJI0€

pa3psiaa.

| - current




Pa3surtue MMKpOI‘IMH‘IEﬁ B pexxnme paanauyMoOHHOro C>Katumsa

HabnoaeHne o6pasoBaHuA nepeTaKeK — MUKPONMHYEN B aKCUAIbHO —
CMMMETPUYHOM pa3pAaae B Napax 0/10Ba.

A - aHop: C — KaToa:
BepxHee nsobpaxkenHmne — VUV (1 - 100 nm)

HuxxHee usobpaxeHue — EUV (10 — 20 nm) — Zr/Si dunbtp

Bpemsa akcno3suumum — 10 HceK: BpemAa mexKay Kagpamu — 10 Hcek.




Pa3Butue MMKpPONUHYEN B peXxxume paguaLmMoHHOro CXKaTua

«YCTOMYUBBIN» XapaKTep CUeHAPUSA Pa3BUTHSA
MepeTsKeYHON HEYCTOMYUBOCTH

Zone of initial
parameters (N, R)
with unstable
scenario

Zone of initial
parameters
(radius and
density) with
stable neck

T .
EUV scenario
-« T N —

REUV

HanoxeHHble apyr Ha gpyra EUV curHansi EUV

256 nocneposaTtesibHbIX Pa3paAao0s
AEMOHCTPUPYIOT XOPOLLYIO
NOBTOPAEMOCTb. TOK

S00mB |1 40.0ncl0A R4\ —830mB




Pa3spagHasa nna3ma, Kak nctouHuk EUV nanyyvyeHus

MpobGnema : neperpeB aNeKTpoaoB

PellieHne — «MynsTUNNMUMpoBaHMe» paspsaaa



MYAbTUNNINLUUNPOBAHUE UCTOYHUKA (1)

2004

Achieved:

2% CE

e 18 kW (Continuous)
360 W in 2p in-band
(about 36 W IF)




MYJbTUNITMLUPOBAHUE MCTOYHMKA (I1)




PaspsagHasa nna3ma, Kak MICTOYHUK EUV nanyyveHus

Peann3oBaHbl CXEMbl C «KONTECHbIMNY ANeKTpogamMun, MoJ1yyHeHbl
MOLLUHOCTW, rnpesBblllaLmne 1e, 4To AOCTUTHYThI B «J1a3€pPHbIX»
CXeMakx...

OXxunparTcsa NnpuHUMNUanbHble OrpaHN4YeHnsa B BerIMYnHe
BKIagabiBaeMbIX MowHocTeun (He 6onee 100 kKBT), cBA3aHHbIe C
KOHEYHON JONYCTUMON CKOPOCTbIO BpPaLLEeHUSA «KKOMEeCc»-
3NEeKTPOoaAoB B XUAOKOM OJioBe.



Pa3psag ¢ ncnonb3oBaHueM ObICTPbLIX CTPYU XUOKOIO
OrfioBa B Ka4yecTBe 31eKTpoaoB

CKOpOCTb CTPYN MOXET
OOCTuUraTb JECATKOM METPOB B
CEKyHAY, YTO NO3BONSET NOAHATb
Nozzles

Tennosyk Harpy3ky go 200 - 250

Liquid metal
jets
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Historical perspective: Production power requirement,
achieved power, productivity

Age of industrialization
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Averaged and independent on supplier

Gap in productivity is being bridged,
in reliable power is still 10x to go.

%
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Ilepexoa Ha JJIMHY BOJIHBI 6,7 HM (F

(MoTuBanun):
" PaspenieHne NoBbIIACTCSA BABOE: OX =~ 8 Hm !!!

" Jlna opMHUPOBaHMS U YIIPABICHUS U3JTy4YCHUEM
ONTUMaJIbHbl MHOTOCJIOMHbBIC HHTEP(PEPCHIIMOHHBIC

3epKaia Ha ocHOBe La/B.
R, .(La/B)=80%

= B03MOXXHO JIU CO3IaHUE MOIIHBIX UICTOUHUKOB

W3JTy4eHUSA !



An=0 nepexoabl B TPEX U303NEKTPOHHbIX
nocneanoBaTenbHOCTAX ANA pa3fInYHbIX aTOMOB

A,nm7

133

7»=13._5_ nm

12
113
10-? -------------------------------------------------------------------------------------------------
_ A=8-10 nm

A=6.7 nm
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4-4 nepexoabl B Tb n Gd

4p54dm+1 5 —
XXVII
XXVII A
XXVI A

6-8 nm XXV -

6.7-7.2 n XXIV
XX -

XXl A

4pb4dm S -
XX

59 XIX -

4f-ions Ado4fm+1 XVII - -
XVII -

XVI
XV .

XV A
5d 5-6 nm X1 4

6.7-7.5n Xii 4
XI !

11-16 nm X .
4d104fm IX 1

International Workshop ¢ 64 66 68 70 72 74 16 }
UCD Dublin, November 13-15, 2010 e

Tt
T T T I T



CnekTtp Gd nnasmbl npu BO30yXaeHUMU
nanydyeHmem CO2 nasepa

________________________________

_______________________________

_______________________________

"""""""""""""""""""""""""""""""""""

__________________________________________________________

8.5 B 6.5

Typical spectrum of CO, laser produced Gd plasma

8.5 3 9.5

7 75 a )
wavelenath, nm

2011 EUV Sources Workshop Nov 7-10 Dublin

Llas

Plasma is optically transparent

CE increases with laser
power density on the target

CE measured at 3-1019 W/cm?
IS about 1% as maximum

Strong reflection of laser
radiation is observed and it
increase with increasing of
laser power density

Absorption coefficient
decreases with temperature

16772113@6 In A(v)

O 3P (Qam kT, ) (1 = V)
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UamepeHune CE ana nnasmbl Gd npu Bo30yKaeHUU
CO2 nasepom

Target — Gd foil 80 p thick

Laser energy 600 mJ
Laser spot dia. 300 u
Pulse duration 100 ns
Pow. density ~1010 W/cm?

CE, %

, a.Uu.

0,0 -4 T ! T ] T $ T T T T T T EUV (hOIe)

1 2 3 4 5 6 7 8
Number of shot

y, a.u
o o
o o
N »
1 1

Intensit
o o
o o
e+

3shots 4 shots 5 shots 7 shots o 02_‘

. ‘ ‘ 0.01-

View of holes in 80 u Gd foil after 0o
defined number of laser shots
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IIpo0sieMbI H3roTOBJIEHUS MHOTOCJIOMHOU (F
onTukU Ha ocHoBe La/B(B,C)

UpesBhIUaiHO HU3Kask CKOPOCTh PACTIbUICHUS MUILIEHA
Oopa Ipu MarHETPOHHOM pacnbuieHUH. IlosTomy

POM30IIIJIa 3aMEHa YUCTOTO 0Opa Ha €ro KapOuIbl
(B,C, B,C).

R, ..(La/B,C)=70%
d=3.4 um, 0 = 90°

PeanbHO nmoaydeH KO3(POUIIUEHT OTPaKCHUS

La/B,C - 3epkan HOpMaIbHOTO NAJCHUA:
45%-47%.



ITyTH NOBBIIIECHHUS 0TPAKATEILHOI —
cnocoonoctu La/B(B,C) 3epkai -

Hcnosb30BaHue aJIbTEPHATHBHBIX METO10B HANIBbIJICHUS
MHOI'OCJIOMHBIX CTPYKTYP (pacnbljieHue HOHHbIMHU

Ny4YKaMHU, pACIbIJICHUE HEOHOM)

NoHHoe accucTupoBaHue (63aumooenucmeue uoOH08
UHEPMHO20 2a3a C NAA3MOI KOHOeHcama, Haaemarouiezo Ha

NnOO0I0JHCKY)

NoHHasA MOJIMPOBKA (mpaesneHue Kaxitcoou 2panunbl

p(l30€]la CJ/l0€6 HU3KOIHéepzcemuuHbImu uommu)

A3orupoBanue (o0pa3zoBanne Ha rpanunax La/N u B/N)



C neabo peaan3anuu BO3MOKHOCTH YIIPABJICHUS IIIMPUHOMI (F
rpaHMIl pa3iesia cJI0eB B MHOTOCJOMHBIX CTPYKTYPax —

M3r0TOBJIEH CIIEIMAJbHbIN TEXHOJOIHYECKHUH CTEH/I, B
KOTOPOM COYETAKTCH BO3MOKHOCTH HaHeceHust MC
METOIaMM

" MArHETPOHHOI'O PAaCNIbBIJICHUA

(6xnrouaem uemovipe

MAZHEMPOHHBIX UCMOYHUKA)

“ HOHHOI'O pacnbl/ICHUSA

(6xnrouaem 0éa uonnbvIX UCMOYHUKA)

" HOHHOHU MOJUPOBKH KAKI0MN

rpaHUIbI pa3esa cJIoeB
(06a ucmounuxa
HU3KOIHEPZEMUUHBIX UOHOB).



3710 BbINa UCTOPUS O TOM, Kak pe3ynbraTbl dyHAAMEHTanbHbIX
nccrenoBaHuii okasanuchb KnoveBbiIMU AN pa3BUTUS OAHON 13
Hanbornee Ba)KHbIX TEXHONOIMMN CEeroaHsALLIHen LUMBunn3aymm

Mol GnarogapHbl Hay4YHbIM KOMMeKTuBam
OUNAH , MIY, UTTIM......
KOTOpPbIE NPUHUMANN 1 NPOoAOKatoT NPUHNUMATL y4yacTue B
[MpoekTe.

bnarogapto 3a BHUMaHue!



