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We describe properties of laser produced plasmas (LPP) for extreme ultraviolet (EUV) light source for next
generation lithography as an industrial application of LPP. We briefly present three topics related to the LLP-
EUV light source; laser intensity dependence of conversion efficiency from laser light to EUV light with
13.5nm wavel ength with 2% bound width with tin target, present understanding of EUV emission from xenon

target, and atomic processes in those targets.
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Fig. 1 Schematic of laser-plasma EUV lithograph system.
EUV light from the source plasmais collected by
the first mirror, and transferred to the intermediate
focus, at which the source power is defined.
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Fig. 2 Laser intensity dependence of various|ossesand elec-
tron temperature (solid line: radiation loss, dotted
line: ionization losses, dash-dotted line: kinetic losses,
and thin dotted line: electron temperature).
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Fig. 3 Laser intensity dependence of radiation flux (thin
solid line: total radiation flux, thin dotted line: radia-
tion with wavelength 1-3 nm, double dots-dotted line:
3-10 nm, dash-dotted line: 10-20 nm, thin solid line:
13.5 nm (2 % band width)).
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Fig. 4 Laser intensity dependence of conversion efficiency
from incident laser to EUV light with 2 % bandwidth
(solid line: theory, dots: experiment, dotted line: ra-
diation from high density region (theory).
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Fig. 5 Emission spectra of solid Xe and Sn targets irradi-
ated by 1 mm laser of 101 W/cm?2in 20 ns.

22T, 19965 E#F & 1 IR LR RFDEAXey — 7 v
M DFEFEANRY DV E E BB P76 & 0 Bl
L), Fig. 51278 £ 9 BFHHBARY MVBIRE 910 T
L, S THEMEY -2 0¥l EIZ108mm TH 5D S
EDHOE NI o7 B, FAEITTEUVLAGIEOFEH
LZHIELTXeZ 9445 =7y FEIIFEL TWz0ld
IR THERFOATHo72. TOE, 11 nmTOEEER
37— & LTiEMo/BeZ @I X 7 — DHZE STV 7275,
LY EEICEEICEET D 2 L AT E B Mo/SiFTEIE 3
F—PREGEFEOONTZ. 29 LT, XeDFEKE—2 T
H5H11nmEMo/SiZIEIR I T —DHLERI3mmE D I A
Ty FIRFOBOEEE LTHHIZE->TWA,

FROFBRERE R, EAFEIEHEY -7y MR
BEORSIITE A B L7z, MASERRE G SN R
7 LA MEAADORE IZEfXeE 2 kS, N7 4000
B & [l 5 [~ O AP E B 1 X o Tl L O
ZEMEXeKH 2 L — W — IG5 FN S L
7219, Fig. 61Z/R T £ 912, XBOFEEMNEZBRVWTE
FLEFNEHEREE OMRMICEEBEXe N A R 46T 5
ZLILEoT, TIRTHERKEICALLZ L—F —%
EAICBETE 5. LiEonind 2 EfkXesy — 7 v M
JOVA L —H—%320Hz THRGTL, XHROEHIEA % il
7220 2ok &L —H— AJI100 WIZxt 2 EUVEE G E
1%, 1W/2psr/2 %BWEIREEE & AfEd b7z, S BIZEUV
RO EZRD T, XebCOLDREZ TA T 5 —7

Solid Xe layer

Laser Gas container wall

Wipsar

Fig. 6 Schematic view of cryogenic rotating drum target.

334

FEBREZITV, XeDENVEIEE10 DRREEIZH L TH 3N
FREEDILT L2 & 2 R L7220,

#(Sn) DFEH Y — 712135 mm EFEICH 1), Xelllb_T
HRTHAH., L2L, Fg5lR_T L9118, Fo72L [~
DL —F—BEEUTHEONZTSE —7 v FOFHAR
7 MVEIET AL, 13.5n0m CTOMELIZXe:Sn=1:
1.6~2.0 TH Y, 40L IAHRENLRELIIEZONE
VW22 Ry =y MY S Bl L — I — BB E Se s R
LHEEZONLEDT, ZOHIIERHTLERDNA.

EUVL DGR O & I 34 0 3K UE 507 kHzE
LFOBR NV == FERENTEBY, ¥—=7 v H»5H
DI T A B OB L OHER - BEIL2FEEE LT
BoTwa, AL, YIS AT HOBHICLY ¥y —4 v b
WIEBERT AL, BELEY =7y M AOWRIN
12 & B FERIXHERNROK T OMETSH 5.

Bk L7-BE A AT oy MRICHSN, Hy —7
MEI L —F— R TR L L TR EOTRETE
DF =7y MEFIEL TS, LEPALE@RIELL—
P e L2y =7y hogdEtE s 43I0 70
IFHEE L LB TH 5.

FEHWEUVLAEIRICE R SN AEUV@13.5 nm G H )
X, FJEET230 W/2 pst/2 %BW &\ ) i@ b 22X —
HBTHL., MOTTF¥ LI v/ hHETHD, 77
T2, THET S v 7 OBFRE o7z L IEF V. £
B AAATHEEZIESICIES kKWEREOEH L —
Y= HVIERPLETH S ).

4, EUVT 7 X~ICH T3R8

EUVIGROBEEIZIE, BTE, XeRSnDI0MAEEED 1 4
VOFETFARTZ MVERWLIEDNROELEEEZS
N3 L—F—FEIMBICL o TER LTI A%
V72 EBRIIEL T bl TW 5,

= T T T T
fa
I
| '
— WO M
= e am
E L L L L L
E T T T T
= b
2l ib)
.
e,
_\_""-—\_._\_\_\__
._pl'" LN | I| ! 1
f 10 12 14 16 18 2
Wavelengih (nrm)

Fig. 7 Measured (a)and caculated (b) EUV spectrum of Xe.
Calculation is carried out with T, = 25 eV, n, = 102/
cmd,and plasmasize of r = 4 pm. Emissivity(1), ra-
diation intentisy from the plasma(2) relative to Planck
radiation(3) are shown.
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Fig. 8 Energy level diagram of Rh-like Xe (Xe?").
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