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Abstract

A research and development study on a compact ion implanter system composed of a laser-cooled ion source and
bipotential electrostatic lenses is ongoing toward the realization of the ultrahigh-precision single-ion implantation at QST
Takasaki. We aim at the implantation of nitrogen molecular ions into diamond with an irradiation precision of the order
of 10 nm to create high-quality nitrogen-vacancy center arrays for the application of quantum technologies. For this
purpose, a linear Paul trap (LPT), compatible with the laser cooling technique, is adopted as an ultralow-emittance single-
ion source. Single nitrogen ions are sympathetically cooled through laser-coolable calcium ions in the LPT and ejected
from the LPT down to the electrostatic acceleration lens system. We investigate the feasibility of the ejection-acceleration-
focusing scheme by detail molecular dynamics simulations: Only nitrogen ions can be ejected out of a Coulomb crystal
mixed with calcium ions from the LPT maintaining an ultralow emittance and then focused down to the spot size of a few
nm at an implantation energy of 14 keV. We also find out the fundamental characteristics of the implanter, such as an

achievable spot size and working distance.
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Figure 1: Schematic layout (simulation model) of the single-ion implanter system under development.
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Figure 2: Temporal evolution of the axial position z of the
two ions. The origin of the abscissa is the time when the
prompt voltage ramping of the end plate electrode B from
0.5 V to 20 V is initiated. The voltage Vs of the end plate
electrode A is promptly ramped from 0.5 V to 1.8 kV at
4.7 ps to accelerate the leading N>" ion and reflect the
following Ca* ion backward.
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Figure 3: Particle orbit of arbitrary three N>" ions ejected
from the LPT and the kinetic energy of the ions along the
path.
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Figure 4: Transverse cross-sectional and phase-space
distribution of the N»" ions near the waist position (z =
315.938 mm). The results of 100 independent simulation
runs are plotted. Single N,* ions sympathetically cooled
with Ca" are ejected from the LPT by switching Va
promptly and then accelerated up to 14 keV through the
two-stage bipotential lens.
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Figure 5: Dependence of the waist position of the focused
N," ions on the gap voltage V; of the first bipotential lens.
The initial energy Eo and final energy of the ion is kept at
700 eV and 14 keV, respectively.
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Figure 6: Temporal evolution of the axial position z of the
two ions. The origin of the abscissa is the time when the
voltage ramping of the end plate electrode B is initiated.
Vs has been increased from 0.5 V to 8.82 V for 10 ms while
Vais keptat 0.5 V.
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Figure 7: Transverse cross-sectional and phase-space
distribution of the N," ions near the waist position (z =
315.950 mm). The results of 100 independent simulation
runs are plotted. Single N>* ions sympathetically cooled
with Ca® are ejected adiabatically from the LPT by
increasing Vg and then accelerated up to 14 keV through
the two-stage bipotential lens.
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