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Extreme ultraviolet light lithography (EUVL) is a
technology for the manufacture of semiconductor
devices that uses extreme ultraviolet (EUV) light.
Laser-produced tin plasma is known as an intense EUV
source. However, tin atoms and neutrals emanated from
the EUV source plasma significantly contaminate
mirrors in the EUVL system resulting in reduction of
through-put and duty cycle. Thus, cleaning of the
contamination is one of the key issues that must be
solved for the long-term and stable operation of the
EUVL system. The chemical reaction between tin atoms
and hydrogen atoms, as known as “H-radicals”, can be
used to remove the tin [1,2]. To date, in-situ H-radical
production in photo-ionized plasma by EUV irradiation
has been attracting much attention [3-5], but the
sufficient density of H-radicals has not been obtained
due to its passive operation. Active control and
optimization of radical production in the EUV source
environment is thus very important to maximize the
cleaning efficiency. We have successfully obtained the
H-radical density as well as the EUV photoionized
plasma properties.

The experiments were conducted in a separated
test-bed device. It consists of a solid xenon EUV source
[6], EUV focusing optics [7], and the target hydrogen gas
cell. With measurement of hydrogen plasma spectrum,
Balmer series, and H-radicals in ground state, we have
found that the photo-ionized plasma has electron
temperature and density at 7e =1 £ 0.2 eV and ne = (2 +
0.4) x10'3 cm™ at a hydrogen gas pressure of 5 Pa and
EUV irradiation intensity of 8 + 1.47 x10® W/cm?. The
total H-radical density was in the order of 10'* cm?. It
was shown that both ionization and recombination
contributed to the population of H-radical density, and
the plasma was in semi-steady-state by a collisional
radiative model [8]. The results also suggested that the
operation parameter, such as EUV spectrum, intensity, or
gas pressure strongly controls the H-radical density.

To enhance the H-radical production efficiency, the
controllable parameters would be the hydrogen pressure,
radical production cross section, and the EUV irradiation

intensity. We will present our results of parametric study
on the factors in the talk.
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Figure 1 The Xe EUV source, EUV focusing optics and
the hydrogen radical production target gas cell [6,7,8].



