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Study on lonized Degree of Ar Plasma in Capillary Discharge
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Abstract: Tonized degree of Ar plasma in capillary discharge soft X-ray laser or Extreme Ultraviolet Lithographic
(EUVL) source research was an important parameter which determined the wavelength of the plasma source. According
to the characteristics of capillary discharge and the data from literature, we deduced an experiential expression of ion-
ized degree of Ar plasma in capillary discharge by analogy method. With the first set of capillary discharge EUVL
source demonstrative device in China, the spectra of Ar plasma was studied. It was found from experiment that either 30
Pa Ar gas discharged by peak pulse current of ~28 kA or 40 Pa Ar gas discharged by peak pulse current of ~34 kA could
produce Ar’" ion. While the simulating results showed that it was necessary for the 30 Pa and 40 Pa Ar gas to be ionized
to Ar’" ion by peak pulse current of 24.4 - 39 kA and 32.7 - 52.3 kA respectively. These results proved that the experien-
tial expression had some definite practical significance.
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Table 1. lonized degree of Ar plasmain capillary discharge
® 1 EMEHREFETHNEEN

171, (kA) 20 Pa 30 Pa 40 Pa 50 Pa 60 Pa 70 Pa 80 Pa
10/12.5~20 7.64713 5.09809 3.82357 3.05885 2.54904 2.18490 1.91178
11/13.75~22 8.41185 5.60790 4.20592 3.36474 2.80395 2.40338 2.10296

12/15~24 9.17656 6.11771 4.58828 3.67062 3.05885 2.62187 2.29414
13/16.25~26 9.94127 6.62752 4.97064 3.97651 3.31376 2.84036 2.48532
14/17.5~28 10.70599 7.13732 5.35299 4.28239 3.56866 3.05885 2.67650
15/18.75~30 11.47070 7.64713 5.73535 4.58828 3.82357 3.27734 2.86768

16/20~32 12.23541 8.15694 6.11771 4.89417 4.07847 3.49583 3.05885
17/21.25~34 13.00013 8.66675 6.50006 5.20005 4.33338 3.71432 3.25003
18/22.5~36 13.76484 9.17656 6.88242 5.50594 4.58828 3.93281 3.44121
19/23.75~38 14.52955 9.68637 7.26478 5.81182 4.84318 4.15130 3.63239

20/25~40 15.29427 10.19618 7.64713 6.11771 5.09809 4.36979 3.82357
21/26.25~42 16.05898 10.70599 8.02949 6.42359 5.35299 4.58828 4.01475
22/27.5~44 16.82369 11.21580 8.41185 6.72948 5.60790 4.80677 4.20592
23/28.75~46 17.58841 11.72561 8.79420 7.03536 5.86280 5.02526 4.39710

24/30~48 18.35312 12.23541 9.17656 7.34125 6.11771 5.24375 4.58828
25/31.25~50 19.11783 12.74522 9.55892 7.64713 6.37261 5.46224 4.77946
26/32.5~52 19.88255 13.25503 9.94127 7.95302 6.62752 5.68073 4.97064
27/33.75~54 20.64726 13.76484 10.32363 8.25890 6.88242 5.89922 5.16182

28/35~56 21.41197 14.27465 10.70599 8.56479 7.13732 6.11771 5.35299
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Figure 1. Schematic diagram of capillary discharge EUVL source demonstrative device
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Figure 2. Spectrum of Ar plasma at 40 Pa (a) and 30 Pa (b) and He plasma at 80 Pa (c)
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