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Abstract

In charged particle accelerators used in X-ray CT systems and electron microscopes, solid insulators are used to support
the accelerating electrodes. However, discharges resulting from electric field concentration at the cathode triple junction
and positive charging of the insulator surface prevent further increases in acceleration voltage. In this study, we
investigated the controllability of surface resistance of sapphire through Ni ion implantation to improve the withstand
voltage. Although Ni ions were implanted at a high energy of 300 keV, we successfully controlled the surface resistance
of sapphire by accumulating the implanted ions near the surface using the following two methods: (1) depositing a Ti film
on the sapphire surface and removing it after ion implantation, (2) etching the surface down to the ion implantation region
using reactive ion etching. As a result, both methods enabled control of surface resistance in the range of 10°-10"> Q at a

fluence of 10°-10!6 cm™2.
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Figure 1: Schematic of the ion implantation process into
sapphire: (a) implantation into Ti-coated surface, (b)
surface etching after implantation.
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Figure 2: Structure of the high-vacuum chamber.
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Figure 3: TRIM-simulated depth profile of Ni ions
implanted into a Ti-coated sapphire substrate (194 nm).
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Figure 4: Surface resistance as a function of fluence for Ti-
coated sapphire samples.
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Figure 5: Depth profiles of Ti and Ni atoms in Ti-coated
sapphire samples (194 nm and 220 nm).
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Figure 6: Surface resistance of Ti-coated sapphire as a
function of fluence, corrected for Ti and Ni content.
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Table 1: Original Fluence, Etching Depth and Fluence
After Etching

Fluence (cm?) Depth of Fluence after
Etching (nm) | Etching (cm™)
a 1.5 x 10 149 7.5 x 101
b 2.2 x 10 151 1.1 x10'°
c 3.0 x 10'6 134 1.9 x 10'°
d 4.0 x 10'6 108 3.0 x 106
e 5.0 x 10! 147 2.5 x10'
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Figure 7: Surface resistance as a function of fluence for
etched sapphire samples.
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Figure 8: TRIM-simulated depth profiles of Ni ions. The
red lines indicate the etching depths listed in Table 1. Only
sample d is labeled.
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Figure 9: Surface resistance as a function of fluence for
etched sapphire samples, including additional etching
results for sample d (d” and d”).
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