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Power Balance Model of EUV-LPP presented at EUVL03, Antwerp

Consider following energy losses
kinetic energy loss due to expansion, E,
lonization loss, E; |, = 101 W/cm?2
radiation loss, E, ablation |corona Tt . =12ns

and assume a sum of the losses equals - 1Y€ |(hot, low density)

to laser flux.
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where Z : ionization state, E; : ionization energy, Position (um)
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C.: sound speed, T, : laser pulse duration,
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Theoretical conversion efficiency obtained from the power balance model
agrees fairly well with the experiments with tin,
that CE 3% is achieved at 5x10'° - 101t W/cm?.

EUV power
at intermediate focus point
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Power balance model indicates relatively weak dependence
of the conversion efficiency on laser wavelength for tin,
which suggests the use of CO, laser.
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Re-absorption of EUV reduces the CE, and optimum density shifts to lower
which strongly depends on pulse duration. (tin)

no absorption pulse duration with re-absorption
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For Xe, high conversion efficiency appears at relatively high
density
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Observation of EUV emission from Xe
In charge exchanging collision with rare gas atoms (TMU/OsakaU)
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Xe EUV spectra are also observed in CHS and LHD | %
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Experimental wavelengths qualitatively agree with calculation,
but not exactly for 4d — 4f transitions

calculated and observed spectra show
reasonable agreement of wavelength of

4d-5p transition array of XelO+.
Observed peaks
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The narrowing of 4f-4d spectra pointed out by O’Sullivan is refined
with use of GRASP and HULLAC ( )

Configuration interaction is important : [ 4d+4f — - 4d+4p]
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Both opacity and satellite lines play important roles in LPP.
(Xe lasma with 4d-4f, 4p-4d and 4d-59 satellite lines 2
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Application of atomic data calculated by the HULLAC
or Average Atom with n, | splitting to the modeling of the EUV source
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Radiation hydrodynamic simulation predicts that
radiation spectra may drastically change with laser intensity,
which agrees well with the experiments.
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Electron density in EUV emission region measured by Y. Tao et al
roughly agrees with simulation.
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Opacity measurements of Sn plasmas
heated by thermal radiation (T = 50 eV) are

INn progress.
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Isothermal expansion model can explain ion spectrum fairly well.
It may cause fast ions with several tens keV.
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Conclusion

Based on the power balance, we present a scaling low of the conversion
efficiency, which agrees fairly well with the experiments, and discussed
Its dependence of laser wavelength and pulse duration for tin and xenon.

Improvement of atomic modeling is in progress, such as on identification
of energy levels with various experiments, configuration interaction
and opacity.

Detail comparisons between simulations and experiments provide us
useful knowledge of LPP-EUV for future design.

EUV power at intermediate focus point
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