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Abstract

Nonevaporable getter (NEG) pumps are widely used in accelerator facilities. Recently Miyazawa et al. have developed
a new NEG that was prepared by the following simple procedure, deposition of high-purity Ti under ultra-high vacuum
in the range of 107 to 108 Pa, followed by pure N, introduction. Since the concentration of impurities such as O, C, and
N in the Ti thin film prepared by this method is 0.05% or less, we named this as oxygen-free Ti. Oxygen-free Ti was
found to evacuate residual gasses after baking at 185 °C for 6 hours. In this study, we evaluated the pumping properties
of oxygen-free Ti thin films after high-purity N», low-purity N,, Ar, CD3;OH, or air introduction by total and partial
pressure measurements and pumping speed measurements. It was found that high-purity N, was the most preferred gas
to achieve good pumping performance of oxygen-free Ti. Furthermore, we analyzed the oxygen-free Ti thin films after
high-purity N, or air introduction by synchrotron radiation X-ray photoelectron spectroscopy. The results show that more
TiN was formed and the TiO film thickness was thinner when high-purity N, was introduced after oxygen-free Ti

deposition.
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Figure 1: Schematic diagram of the evacuation and
activation of NEG.
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Figure 2: Schematic of the experimental apparatus used in
total and partial pressure measurements.
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Figure 3: Vacuum vessel for the NEG pump. DC 160 CF
corresponds to ICF203. Reproduced from Ref. 13, with the
permission of AIP Publishing.
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Figure 4: Photographs of the samples used for SR-XPS
measurements. These are the Si substrates before (a) and
after (b) oxygen-free Ti coating.
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Figure 5: Total pressure curves of the oxygen-free Ti
coated chamber after baking at 185 °C for 6 hours when
Air, N,, or Ar gas was introduced after oxygen-free Ti
deposition or activation.
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Figure 6: Partial pressure curves of the oxygen-free Ti
coated chamber after baking at 185 °C for 6 hours when
Air, N,, or Ar gas was introduced after oxygen-free Ti
deposition or activation.
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Figure 7: Pumping speeds of the oxygen-free Ti coated
NEG pump after baking for 6 hours. N» gas was introduced
after oxygen-free Ti deposition or activation.
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Figure 8: H, sticking probabilities of the oxygen-free-Ti
coated NEG pump as a function of activation—N,-vent—air-
exposure—pump cycles.
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Figure 9: Total pressure curves of the oxygen-free Ti
coated chamber after baking at 185 °C for 6 hours when
Air, N, Ar, high purity N> or high purity CD;OH gas was
introduced after oxygen-free Ti deposition or activation.
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oxygen-free-Ti coated chamber after 30 baking—high
purity N» vent—air exposure—pump cycles.
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Figure 12: Wide-scan SR-XPS spectra of the oxygen-free-
Ti deposition film.
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Figure 13: Enlarged SR-XPS spectra in the region of Ti 2p
peaks.
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Figure 14: Enlarged SR-XPS spectra in the region of N 1s

peak.

Metal Oxides or Carbonates

Air vent ‘ F /-\\
) ,/-'"':Z

N, vent

Intensity (a.u.)

Hydoxides ,_/‘"‘ 1
LN
1 1

536 535 534 533 532 531 530 529 528
Binding energy (eV)

Figure 15: Enlarged SR-XPS spectra in the region of O 1s
peak.
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