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Fig. 1. Flow chart of radiative magneto-hydrodynamic
simulation of LDP and its EUV radiation.
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Fig. 2. Charge state distributions, average ionization de-
grees of tin plasma at different electron temperatures when

ne = 102 cm 3.
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Fig. 3. Charge state distributions, average ionization de-

grees of tin plasma at different electron densities when T, =
20 eV.
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Fig. 6. Simulation of EUV radiation power during discharge: (a) 480 ns; (b) 704 ns; (c) 382 ns; (d) 1008 ns; (e) 1152 ns; (f) 1328 ns;

(g) 1504 ns; (h) 1712 ns.
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(i) 1500 ns

Fig. 7. Discharge plasma plume imagesP: (a) 300 ns; (b) 450 ns; (c) 600 ns; (d) 750 ns; (e) 900 ns; (f) 1050 ns; (g) 1200 ns;

(h) 1350 ns; (i) 1500 ns.
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Fig. 8. Waveforms of total optical radiation power and

EUV power during discharge.
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Abstract

Extreme ultraviolet (EUV) light source is an important part of EUV lithography system in semiconductor
manufacturing. The EUV light source requires that the 4p%4d™-4p54d"*! + 4d"'4f transitions of Sn®*+~13+ ions
emit thousands of lines which form unresolved transition arrays near 13.5 nm. Laser-induced discharge plasma is
one of the important technical means to excite target into an appropriate plasma condition. Laser-induced
discharge plasma has a simple structure and a low cost. It also has important applications in mask inspection,
microscopic imaging, and spectral metrology. In the design and production process, there are many factors that
can influence the conversion efficiency, such as current, electrode shape, and laser power density. The
simulation method is a convenient way to provide guidance for optimizing the parameters. In this paper, a
completed radiation magneto-hydrodynamic model is used to explore the dynamic characteristics of laser-
induced discharge plasma and its EUV radiation characteristics. To improve the accuracy, a more detailed
global equation of state model, an atomic structure calculation model including relativistic effect and a collision
radiation model are proposed simultaneously. The simulation reconstructs the discharge process effectively,
which is divided into five stages in the first half cycle of current, including expansion of laser plasma, column
formation of discharge plasma, diffusion of discharge plasma, contraction of discharge plasma, and re-diffusion
of discharge plasma. It is revealed that the pinch effect during the current rising time exerts a significant
influence on the generation of EUV radiation. The conversion efficiency of EUV radiation is still low under our
existing conditions, and hopefully a higher rising rate of current can improve the conversion efficiency in the

future work.

Keywords: radiation magneto-hydrodynamic, laser induced discharge plasma, collisional-radiative model,

extreme ultraviolet
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