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Abstract

23 mm diameter vacuum tubes with non-evaporable getter (NEG) coatings have been investigated at KEK for
application to KEK-LS (3 GeV storage ring). NEG films were created by magnetron sputtering from Ti-Zr-V target. In
order to optimize the vacuum properties of NEG film, the substrate temperature (tube temperature) during coating has
been varied. The coated films have been characterized by secondary electron microscopy (SEM), X-ray diffraction,
pumping performance evaluation, and photon stimulated desorption (PSD) measurement. It has been found that the
coating temperature weakly influenced the Ti-Zr-V ratio and crystallite size of NEG films but significantly affected the
pumping performance. The highest pumping performance was obtained with a sample coated at 300°C. In the PSD
measurement, the tubes with higher pumping performances showed lower PSD yields. This indicates the PSD yield was

influenced by the pumping performance of tube.
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Figure 1: NEG coatin system and excited plasma
between tube and wire during coating.
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Table 1: Coating Parameters

Sample No.  Coating Pressure Current (mA)/
temperature of Kr Voltage (V)
(°O) (Pa)

#1 RT 2.8 17 /460

#2 100°C 2.6 17 /460

#3 200°C 3.1 17 /460

t4 300°C 4.0 16 /460
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Figure 2: SEM image of coated NEG film.
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Table 2: Atomic Ratio of Ti, Zr, V and Crystallite Size.

Coating Ti Zr A% Crystallite
temperature size
°C)

RT 40% 32% 28% 1.6 nm
100°C 38% 31% 31% 2.0 nm
200°C 38% 32% 30% 1.5 nm
300°C 32% 31% 37% 2.1 nm
CERN 16-35% 30-51% 25-42% <5nm
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Figure 3: X-ray diffraction spectrum.
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Figure 4: (a) Transmission method system and (b)
relationship between sticking factor and P1/P2 ratio
calculated using Molflow code.
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Figure 5: Pumping speed measurement for H».

Table 3: H, Sticking Factors and CO Capacities.

st 2nd 1st 2nd
activation activation activation activation
H> H> CcO CO
Coating sticking StiCking Capacity Capacity
factor factor (1015 (10's
temperature
C) molecules molecules
/cm?) /cm?)
RT 5.9X103 53X%X1073 0.35 0.26
100°C 8.6X1073 8.6X1073 0.44 0.41
200°C 6.6X1073 8.5X1073 0.52 0.56
300°C 1.1X102 1.2X1072 1.36 1.3

T NEG WER~ILET D2 LN TEARU 2, fafnikfe
12725, P1/P2 D3R~ IR T 952813 NEG IE 1 afnL .
PESMERENE HAHZEE/RT, 4 DORELCa—T 7
IRENREWIEE CO faFz) DI 23 E<7220, 3000
HEFCh o LRV fafiiE a2 R Uz, @ik ks co
DOHITE TIE NEG i D Capacity (i &) 259252
ERFRETH D, faFI BT A R EFEICRAE T D01
BCTET,
CO D AFELYRDT= Capacity DfiEFE 3 (ZFLD

TR, BEREWIEE SV &2, 3000 308
T RT &t 3 5L L@ MEREDILE, NEG 22—

- 1216 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

4000 + .

Q;,=3% 107 Pa-m3s

2000

P1/P2 ratio

0 2000 4000
Time (second)

Figure 6: Pumping speed measurement for CO.
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Figure 7: Change of H sticking factor as a function of
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