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*— Direct
1.0
. C mirror

08
EPE
‘gOB_h % 3
Foy 1% s
‘@ 04‘ | ‘ ,:
& ? ' i
Eo2ly 7 H

’ :

4 6 8 10 12 14 16
Wavelength (nm)

Fig. 2 Spectra of undulator radiation reflected and nonreflected by
carbon—coated mirrors. The light intensity was measured by
a photodiode detector placed in the main chamber.
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Fig. 3 EUV irradiation beam profile at the sample holder for
storage current of 100 mA.
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Fig. 4 Relative reflectivity change of a Ru-cap Mo/Si multilayer
mirrors as a function of EUV dose. The measurements were
carried out sequentially at several different irradiation inten-

sity points by PC controlled program.
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Fig. 5 An example of reflectivity map at the EUV irradiation area
of Ru-capped Mo/Si multilayer obtained, in situ, after the
irradiation.
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Fig. 6 Schematic diagram of the Ru-capped Mo/Si multilayer stan-
dard samples for carbon deposition (a) and surface oxida-
tion (b). The number of layer pairs in the Mo/Si multilayer
was 50.
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Fig. 7 Carbon K-edge XAS spectra of the standard carbon films
deposited on the Ru-capped Mo/Si multilayer. The thickness
of C is denoted in the legend.

C thickness vs. Intensity

0.7 . —
';l | } 1
=
8
=
[= 1
e
8 [
8 |
=]
=
=
« 28 oV
S 01t . 205 ev| -
0 1 | |

0 1 2 3 4 5 ]
Tickness of C [hm]

Fig. 8 Calibration curves of carbon K-edge absorption intensity vs.
thickness of standard carbon layers deposited on Ru-capped
Mo/Si multilayer samples.
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Fig. 9 Distribution of the XAS intensity near the EUV-irradiated
area, in which the intensity was measured in the lower energy
(282 ¢V) and the upper energy (292 ¢V) of C-K absorption
edge of the Si-capped multilayer.
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Fig. 10 XAS spectra at O-K edge of RuO, and SiO, thin film ob-
tained by the present system.
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Fig. 11 Calibration curve of oxygen K-edge absorption intensity vs.
thickness of standard oxide layers deposited on Ru-capped
Mo/Si multilayer samples.
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Fig. 12 Relative reflectivity change of the multilayer as a function of
the EUV dose irradiated under various IPA vapor pressure.
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Fig. 13 Concentration map of carbon element at the EUV-irradia-
tion area of the IPA introduction experiment.
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Fig. 4 Concentration map of oxygen element at the EUV-irradia-
tion area of the IPA introduction experiment.
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Study on Contamination Inhibition Mechanism for
Extreme Ultraviolet Multilayer Mirrors Using
in situ XAS Analysis

Masahito NIIBE", Keigo KOIDA?, Yukinobu KAKUTANI2,
Shuichi MATSUNARI?, Takashi AOKI2, Shigeru TERASHIMAZ,
Hiromitsu TAKASE?

TLaboratory of Advanced Science and Technology for Industry, University of Hyogo
3-1-2 Kouto, Kamigoori, Ako-gun Hyogo 678-1205, Japan

2Extreme Ultraviolet Lithography System Development Association (EUVA)

11-1 Ekimae-honcho, Kawasaki-ku Kawasaki-City, Kanagawa, 210-0007, Japan

Abstract A contamination evaluation system that can irradiate high-flux extreme ultraviolet (EUV) and
measure, in situ, the reflectivity of multilayer mirrors for lithography optics was constructed to develop a con-
tamination inhibition mechanism. The system can also be used to measure and map soft X-ray absorption
spectra in the irradiation area, which is very important for the in situ evaluation of contamination mechanism.
The lifetime evaluation of Ru-capped Mo/Si multilayer and elemental concentration mapping were carried out
in the EUV irradiated area under the iso-propanol (IPA) introduced vacuum atmosphere. The result gave us
very important information to inhibit both surface oxidation and carbonaceous film deposition on the EUV mul-
tilayer mirrors.

WSt Jan. 2008 Vol.21 No.1 @ 33



