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Extreme ultra-violet lithography (EUVL) is a leading technology
for semiconductor devices at 32 nm node and below.




introduction 2

Sn, Xe, Li emit strong 13.5 nm light,
however their spectra are quite different.

materials and transitions for 13.5 nm emission
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understanding of atomic processes
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DB 1| Transitions between the same principal quantum number
result in strong emission near 13.5 nm even for different charge states.
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atomic phys. 1

Spectral shift and narrowing occur for ions
having 4d-open valence shell, due to configuration interaction. 8

The Sn UTA is due to 4p4d" - ( 4p°4dn+1 + 4dn-14f + 4d™15p ) (n=0,1,,,9)
transitions.
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code 1

Integrated 1d & 2d radiation hydrodynamic codes were developed,
which are used for design of a high power EUV source.
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code 2

Radiation hydrodynamic simulations reproduces well

measured spectra at different laser intensities.
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code 3

Radiation hydrodynamic simulations represent well

the conversion efficiency for different laser and target conditions.
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CRE: collisional radiative equilibrium
w/PE: with photo-excitation
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CO, laser 2 High efficiency in CO, laser is mainly @
due to spectrum narrowing peaked at 13.5 nm.

spectral efficiency (%) dependence of EUV spectra
(13.5 nm with 2 % band width on laser wavelength and
to total radiation) pulse duration
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doublepuse 1 | \We proposed double laser pulse irradiation scheme v
with tin droplets in EUVL0O6 & EUVLO7 symposiums.

concept of double pulse irradiation schgme
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double pulse 2

Double pulse irradiation scheme with a droplet target @
Results in high conversion efficiency upto 5—-6 %

benchmarked radiation hydro code, STAR simulation
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double pulse 4

CE of > 4% is obtained from 36 um¢ pure Sn droplet
In two-color lasers, double pulse irradiation scheme.
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EUV-CE from two-color laser
irradiated Sn droplet
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optimization1 | EUV power of 500 — 1000 W can be obtained with CO, laser v
< 15 kW at optimized conditions (power balance model?*)
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debris 1 Atoms, clusters and solid states are coexisting and @
expands after prepulse (MD simulation)

side view

near face view

Aluminum sphere R, = 57.4 nm, F= 0.4 Jlcm2,t=0.4ps =178 ps,
after Zhakhovskii  Vsnet =260 M/s RIS
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debris 2
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