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Abstract

Ti-Zr-V NEG coatings, which exhibit activation and pumping effects at low baking temperatures, have gained prominence
in recent years for application in beam ducts of high-brilliance synchrotron radiation storage rings. These beam ducts are often
narrow, making pumping challenging. NEG coatings are typically deposited using the DC magnetron sputtering technique.
However, due to the non-cylindrical and flat shape of beam ducts in sections like insertion devices, a certain level of ingenuity
is required to ensure proper formation of NEG coatings on the inner walls of these ducts. The distribution of film thickness
deposited on the inner walls of the duct was estimated using Molflow+, which relies on the correlation between the duct’s
shape and the arrangement of cathode wires, which function as multiple sputtering targets. In the sputtering experiments, a
monitoring and control system was implemented to equalize the current across each cathode wire. The thickness distribution
along the inner circumference of the duct after deposition was subsequently measured and analyzed using SEM and XRD. In this
presentation, we will discuss the experimental setup and present the results of the sputtering deposition experiments conducted

on non-cylindrical ducts.
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Figure 1: DC magnetron sputtering system (with a setup of double cathode wires) at KEK-PF.
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(a) Preliminary coating test setup
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Figure 2: Preliminary coating test setup and thickness distribution prediction using Molflow-+.
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(a) Double cathode wires setup.
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(b) Thickness distribution.

Figure 3: PF-Q duct coating setup and thickness distribution prediction using Molflow+.
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Table 1: Sputtering Conditions

TR PF-Q
NEECZERESA
Kr pressure [Pa] 0.5 1.5 1.5
Output power [W] 60 80 70
voltage [V] | ~480 ~460 ~400
current [mA] | ~130 ~180 ~175
Magnetic Flux Density[G] 300 240 300
Duration [hr] 5.5 6.3 6.3
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(a) Before current equalization.

(b) After current equalization.
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(c) Differential probe detection signals.

Figure 4: Inside view taken from the viewport installed above the duct during PF-Q duct sputtering and differential probe signals

before and after plasma current equalization correction.
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(a) An example of XRD measurement of a NEG-coated sample.
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(b) Summary of diffraction peaks of NEG films deposited in preliminary
tests.

Figure 5: XRD measurements of samples obtained from the preliminary NEG coating test. XRD measurements were performed
for all sections of the sample ribbon and the peak values attributed to the NEG material plotted against the azimuthal angle.
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Figure 6: Observation of NEG film fracture area near the sam-
ple ribbon cut surface by SEM. Film thickness is measured
from the area where the broken NEG film rises vertically.
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Figure 7: Summary of diffraction peaks of NEG films de-
posited in PF-Q duct.
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