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Looking back.

» Early EUVL with LPPs:

Nagel, Brown, Peckerar, Ginter, Robinson, Mcllrath and Carroll PK,

Appl. Opt. 23 (9) 1428, 1984

4 — 8 nm, steel spectrum,
20 min exposure at 10 Hz.

T T o

Fig. 10, Photomierograph of a replica in photoresist of the gate level
mask for a large-scale dynamic shift register made using soft x rays
from the source operating at 10 Hz,
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13.5 nm

» Time-resolved Sn Emission:

Sn spectra gated for 2 ns as a function of time

Intensity (arb. unit)

Time (ns) ) Wavelength (nm)

® = 4.4x1012 W/cm?
Pulse duration = 7 ns (fwhm)
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13.5 nm

» Simulation of Sn LPP using CRETIN (with Howard Scott, LLNL)

il Emerging Intensity for EUV
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13.5 nm

» Small Source development - high brightness (NLT)
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. 13.5 nm

» Novel Colliding-Plasma Substrate for HVM Source
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13.5 nm - comparison of spectr
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» 6. X nm - Gd & Thb, Ge & Ga.

> Looking for targets that work at lower ¢
- Looking for targets potentially suitable for liquid drop targets

» Water Window (2.4 - 4.4 nm) - Zr.
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6.X nm

» Motivation:

La/B,C structure

Angle of incidence
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#34150 oo
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1 75
» Materials: Tb & Gd ] 50
» Potentially Ge & Ga 2
ZE 0.2 4
0.1 4
Y. Platinov et al., “Status of multilayer T o o ome o
coatings for EUV Lithography” 2011 Int. Wavelength (nm)
Workshop on EUV Lithography, Hawaii measgmentsat”ews”b“”ﬂ
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R(max)=49.83% at ~6.656nm
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6.x nm-Tb \Spectab

The mOSt Physica Scripta, Val 26, 419-421, 1982
important Resonance Lines in the Pd | Isoelectronic Sequence:
Tb XIX & XX 1 VIl to Ho XXII

transitions occur

in Ag-like, Pd-like IS Rsiman
; Th
and Rh- like | Tb XIX
ill gica Scripta. Vol. 24, 742-746, .
Gd XVI"-XX, Tb Tb XI Physica Scripta. Vol, 24, 742-746, 1981
Ag | Isoelectronic Sequence: Wavelengths and Energy Levels for
XIX - XXI Ce Xl through Ho X XI and for W XXVIII
Vacuum 1. Sugar and V., Kaufman
) ) spark ' '
i.e. lons with hwmm
4d104f 4d1° and |
4d° ground states = z
Laser = -
Tb XX plasma l I
IIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIII
2l 60 70 80 a0 100 110 2,4

Figure L. Spectra of terbium ions excited in the vacuum spark (upper trace) and in the laser-produced plasma (bottom trace). +, 4F —4f5d
transition array in Th X¥III classified in the present work,
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6.x nm - Gd \Spectas
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» 6.Xx nm temporal width reduced at lower power density:

o
~

1.2 : . . .
O 55x10"2 W/em?2 6.x-nm emission duration.
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Nd:YAG A = 1064 nm, 7 ns

0.2t O 1 (FWHM) @50 Hz.
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6.x nm - Ga & Ge

Calculation of 3d-4f emission in Ga and Ge
for an optically thin plasma
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Wavelength (nm)
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6.x nm - Ge

» Gais liquid at 30 °C
» T, of 50-60 eV required compared to 110 eV for Gd....
» Spectra below are of Ge, similar to Ga.
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2.4 -4.4 nm - “The Water Window

IOP PUBLISHING JOURNAL OF PHYSICS B: ATOMIC, MOLECULAR AND OPTICAL PHYSICS
1. Phys. B: At. Mol. Opt. Phys. 45 (2012) 245004 (6pp) doi:10.1088/0953-4075/45/24/245004

XUYV spectra of laser-produced zirconium
plasmas

Bowen Li' Takeshl ngashlguchl Takamitsu Otsukfl Weihua Jiang®,
Akira Endo , Padraig Dunne' and Gerry O’Sullivan'
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v 2.4 -4.4nm - Zr
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Comparison with other targets:
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¥ Comparison with other targets:
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Colliding-plasma data

Experiment Distance Delay Laser Energy  EUV Energy CE SP

mm ns mJ mIxST Yo %0

Nd:YAG CO, 1B BB IB BB

CO, - - - 119 42 198 35 166 213

Nd:YAG - - 496 - 69 997 14 2011 7
DP 0 100 496 119 16.7 149.1 34 242 11.2
FCP - - 496 - 51 649 1.04 131 79
FCP - RH 0.2 200 496 119 83 887 16 144 93
WCP - - 496 73 728 147 16.1 9.1

WCP - RH 0 100 496 119 103 949 21 154 1038

Table 1.1: A table of the optimum results recorded for the first experimental setup. The
results in bold (key: DP = Double Pulse, FCP = Flat Target Colliding Plasma, FCP -
RH = Reheated Flat Target Colliding Plasma, WCP = Wedge Target Colliding Plasma,
WCP - RH = Reheated Wedge Target Colliding Plasma, IB = In band, BB = Broad
band, CE = Conversion Efficiency, SP = Spectral Purity)
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