
mean for reducing developing-cost. In the development
of reliable and efficient EUV discharge source, model-
ing is definitely going to play a role. In this paper, we
are going to discuss on a newly developed model that
can predict the plasma dynamics of an EUV discharge,
generated using the capillary and Z-pinch scheme.
These predictions are helpful for understanding the
source performance, for better design and for increas-
ing source efficiency.
The model solves the time-dependent transport equa-
tions of mass, momentum and energy for a compress-
ible fluid. Azimuthal magnetic field compresses the
plasma towards the plasma axis and causes the Z-pinch.
Curl of Ampere’s law, which is a derivation of Maxwell’s
equations, is solved to get the magnetic field. The cur-
rent density distribution in the plasma is obtained by
solving the Laplace’s equation. Solution of current den-
sity (J) and magnetic field (B) paves the way to include
the Lorentz forces or the JxB terms in the momentum
equations. The radiation term in the energy balance
equation is introduced using P-1 radiation model [2]. A
vendor-supplied CFD (computational fluid dynamics)
package, Fluent, is used as the computing platform,
where all equations have been solved through cus-
tomized routines. Figures 1 and 2 illustrate the axi-sym-
metric geometry and the current profile respectively. A
time step of 1 ns has been chosen in the calculations.
For the discharge medium of xenon and a flow-rate of
100 sccm, Fig. 3 depicts the isocontours of temperature
in electron-volt (eV) at the time of 137 ns of the current
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Since the late 1960’s optical lithography has been an
omnipresent engineering system in semiconductor
industries for mass-production of integrated circuits
(ICs). The incessant advancement of technology has
been maintaining the so-called Moore’s law by produc-
ing speedy microprocessors, and semiconductor pun-
dits foresee that the semiconductor industries will hold
the law true, at least in a coming decade or so. The
speed and performance of integrated circuits or of final
product , the computer systems, are indeed dictated by
the lithographic minimum feature printing capability. In
an optical lithographic tool, light of a certain wavelength is
the role-player. With the miniaturization of feature size,
lithographic system has been required to change for
working at shorter wavelength. Today’s state-of-the-art
photolithographic tools use deep ultraviolet (DUV) light
of 193 nm, which allows printing minimum feature size
of 90 nm. There are indications that light of 193 nm may
be able to print features as small as 45 nm, and then the
conventional optolithography would approach the dead-
end. Foreseeing this physical limit, semiconductor
industries around the globe has put enormous effort to
develop new system of lithography, which has been
dubbed as next generation lithography (NGL). Among
several candidates for NGL, extreme ultraviolet lithog-
raphy (EUVL) is the most prominent one. In EUVL,
extreme ultraviolet (EUV) light of 13.5 nm will be used.
In commercial EUVL system, generation of the EUV
light with adequate energy at the intermediate focus (～
115 W) is one among many key issues. Plasma of very
high temperature is necessary in getting the desired
EUV light. There could be two approaches for generat-
ing the plasma: either by laser or by discharge. In the
today’s R&D stand, discharge produced plasma (DPP)
for the EUVL is in the lead. There are several approach-
es in generating discharge-produced plasma like capil-
lary discharge, hollow-cathode triggered capillary dis-
charge, dense plasma focus and Z-pinch [1].
Mathematical simulation and computer-aided engi-

neering (CAE) have been gaining significant impor-
tance in industries because it is an effective tool in expe-
diting new product development and/or improving per-
formance of existing product. It is also seen as a great
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Figure 1.  Schematics of the modeled domain of discharge.
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pulse. The maximum temperature at this instant of time
has been calculated as about 14 eV. In a comparison of
flow-rate effect, it has been seen that hot plasma-core
advances along the axial direction with the increase of
flow-rate, which is in line with the experimental evi-
dence.
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Figure 2.  Profile of the supplied current.

Figure 3.  Temperature contours of plasma in eV at time, t =137ns.
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