Chapter 55

Modeling of Ablation of the Target Material
for the Plasma for Coherent and Incoherent
EUYV Sources

A. Sasaki, A. Sunahara, K. Nishihara and T. Nishikawa

Abstract Particles are sometimes emitted during the ablation of the metal targets
used for laser pumped coherent and incoherent light sources. These particles have a
significant effect on the absorption efficiency of the laser, on the density and tem-
perature distribution of the plasmas, and thus on the performance of the source. We
propose a simulation model of the particle emission based on Lagrangian hydrody-
namics taking the liquid-to-gas transition into account using a dynamic mesh reor-
ganization technique.

55.1 Introduction

Laser-pumped plasma (LPP) extreme ultraviolet (EUV) light sources have been thor-
oughly investigated, and recently an output power of more than 100 W with 5% con-
vergence efficiency (CE) has been achieved using the double-pulse technique [1], as
shown in Fig. 55.1. First, the Sn droplet target is irradiated by a short pre-pulse laser
with a temporal duration of %10 ps, and is broken up into small particles. Second,
when the cloud of particles has expanded to a radius 10 times larger than that of the
original droplet, the target is irradiated by the main CO, to produce a plasma with
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Fig. 55.1 Schematic diagram of the excitation of the LPP EUV source using the double-pulse
technique

appropriate density and temperature for EUV emission [2]. We present a model of
the particle emission to optimize the absorption efficiency of the laser, and thus the
CE.

55.2 Model

We developed a model of the ablation of the laser-heated Sn target. The EUV emis-
sion is obtained from the heated plasma with an electron temperature 7, = 50 eV,
in which Sn atoms are ionized to multiple charged states. By the irradiation of the
relatively weak pre-pulse laser, initially, solid Sn target melts and evaporate at a tem-
perature below the critical temperature, producing particles during the liquid-to-gas
transition.

The present model is based on the two dimensional (2D) Lagrangian hydrody-
namics on triangular grids. We take into account the properties of the target material
near the solid-density and warm-temperature regions, 7, < 1 eV, on the basis of the
Van der Waals equation of state,

RT a
-—, 55.1

— Vm
where P, T, and V,, are the pressure, temperature, and specific volume per mole,
respectively, and a and b are the Van del Waals constant for Sn [3]. The equations of
the hydrodynamics are,

du
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where p, u, are the density and velocity the fluid, and U,,, Q,, are the specific internal
energy and heating, respectively.

The Van der Waals equation of state is the simplest model that represents the
liquid-to-gas transition. The model gives a two-phase region in the density and tem-
perature plane, where the material splits into separate liquid and gas components
with a void ratio of a. In the present model, if the density and temperature of a
Lagrangian cell are found to be inside the two-phase region, the cell is split into
several cells to have the correct void ratio for the group of the cells.

We developed algorithms for mesh reorganization, as shown in Fig. 55.2. We used
the time splitting method, in which calculation of the hydrodynamics motion and
reorganization of the mesh are carried out alternately in each time step. To reduce
the distortion of the mesh, we calculate the aspect ratio of each cell, and if it exceeds
a certain limit, we apply one of reconnection, split, division, and union algorithms
illustrated in Fig. 55.2, conserving the volume, mass, and energies of the target cells,
and we place grids along the distribution of material and particles in the gas phase
and bubbles in the liquid phase. As an application of these algorithms, the liquid-to-
gas transition is represented by splitting a target cell into liquid and gas cells.

Fig. 55.2 Schematic diagram of the algorithms of mesh reorganization
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Fig. 55.3 Temporal evolution of the density distribution of a heated tin cylinder, with an initial
radius of 10 wm, temperature of 2000 K, and density of 5.5 X 10 kg/m>. The heating rate of 1.5
x 10" W/mol

55.3 Result and Discussion

First, we validated the code through a comparison with a simple 1D model for the
adiabatic expansion of low-density gas to obtain reasonable agreement. Second, we
carried out a calculation of a heated liquid Sn cylinder. As shown in Fig. 55.3, the tar-
get is initially heated at the liquid density; then, small bubbles appear, which expand
until finally the target decomposes into particles. We appreciate that the material is at
rest until the gas phase becomes dominant. In future work, the present model will be
applied to investigate the laser—matter interaction in the plasmas for the EUV source.
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