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To study nano-scale manufacturing using highly charged ion beams, a facility to produce and
irradiate heavy ion beams has been installed at Kochi University of Technology (KUT). The facility
includes an ECR ion source (ECRIS), a beam transport and analysis system, and an irradiation
system. The first beam was extracted from ECRIS in January 2003. To evaluate the performance of
ECRIS. the measurements of the current and mass spectrum of ion beams as a function of the
voltage for the beam extraction and of the rf power have been carried out. It is concluded from the
present results that the combined use of the ECRIS and acceleration system with the transport and
analysis system build at KUT works normally. © 2004 American Institute of Physics.

[DOLI: 10.1063/1.1690450]

I. INTRODUCTION

Recently, heavy ion beams, which were mainly applied
to basic science such as atomic physics and nuclear physics,
have been applied to other various fields. In particular, the
formation of nanostructures is one field to which heavy ion
beams are energetically applied. For example, the ion-beam
based lithography has been applied to the fabrication of elec-
tric materials and devices.! In almost all of those applica-
tions, only single charged ions were utilized. Highly charged
ions have very high activity caused by their large reaction
cross sections and large Coulomb potential. The high activity
of highly charged ions causes a dramatic change in the sur-
face of an irradiated material. which was studied in atomic
physics.3 It is implied that the application of highly charged
ions leads to more unique and efficient fabrication of nano-
structures. To develop a technique for the formation of nano-
structures by using highly charged ions, a facility to produce
and irradiate highly charged ion beams was built at Kochi
University of Technology (KUT). For this purpose, ease of
changing the ion species and high productivity of highly
charged ions are indispensable. An ECR ion source (ECRIS)
tulfills the above-noted requirements.

Il. EXPERIMENTAL SETUP

The facility includes an ECRIS and acceleration system.
a transport and analysis system, and an irradiation system. A
10 GHz NANOGAN, which is an ECRIS developed by
PANTECHNIK Co.* was installed. The rf power (P) ap-
plied to NANOGAN is up to 80 W. An extraction voltage
(Vg) of up to 30 kV is applied, and an acceleration voltage
(V4) of up to 100 kV is applied to the HV platform. For easy
handling and a compact install, an ECRIS and acceleration
system are installed in a short length (L~ 1 m). The trans-
port and analysis system includes an einzel lens, an electric
Q lens. and a dipole magnet to perform a mass analysis. Two
Faraday cups are placed so as to measure the beam current
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both before and after the dipole magnet. The analyzed beams
will be led to a radiation system, which is now being devel-
oped. The first beam was extracted from NANOGAN in
January 2003. To check the performance of the facility, the
current and the mass spectrum of ion beams extracted from
NANOGAN were observed as a function of Vi and P;.

lll. MEASUREMENTS

To check the beam extraction, the total current of the ion
beam extracted from NANOGAN /. into which Ar gas
was fed, was observed as a function of V; and Py with a
Faraday cup placed before the dipole magnet. The typical
results are shown in Figs. 1 and 2. The measured [, 1n-
creases with V and then saturates as can be seen in Fig. 1.
The increasing part can be well reproduced by a power func-
tion, [, y=A Vlz, with a solid line. The index of a power
function derived from fitting B=1.61(10) is consistent with
that derived from the Chaild—Langmuir equation. In Fig. 2. it
is found that the increasing part does not depend on P and
that the saturation value of [, (/) increases with P. A
correlation between /[, and P can be clearly seen in Fig. 3.
This correlation reflects the response of the ion density to
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FIG. 1. I,y as a function of V; measured at P =13 W. The solid line
indicates the result analyzed by a power function.
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FIG. 2. Iy as a function of V; measured at P =12-80 W.

sof T I I I L=
]
~ 60 . -
) .
— 40 . i
3 .
— 20t .
Ok 1 I 1 1 [
o) 5 10 15 20 25
Pre (W)
FIG. 3. I as a function of P ;.
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FIG. 4. Mass spectrum of ion beam measured at P ;=22 W. The thick lines
and thin lines represent Ar ions and other ions, respectively.
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FIG. 5. Beam current of Ar ions as a function of P .

To check the ionization property of NANOGAN, the
mass spectrum of the beam extracted from NANOGAN was
observed by using a dipole magnet. Ar gas and air were fed
into NANOGAN. P, was varied over the range of 5-28 W
and V was 15 kV. The typical mass spectrum measured at
P =22 W is shown in Fig. 4. In the figure, we can find Ar
ions, whose charges are g=1-9, indicated by thick lines.
Furthermore. we can find other single-atom ions and molecu-
lar ions, which were originated from air, indicated by thin
lines. It is concluded from these results that all of the atoms
and molecules, which were fed into NANOGAN as a gas,
could be ionized. In Fig. 5, the beam current 7, of Ar ion is
shown as a function of P, for each charge state. In this
figure, it is found that L,,’s of Ar'* and Ar’** gradually
decrease with P. Also, I,,’s of ions with ¢>35 increase
with P,

It is concluded from the above-mentioned measurements
that the facility built at KUT has been working normally,
except for the irradiation system. To study the formation of
nanostructures with highly charged ions, further develop-
ments are required. A beam-profile monitor and an adequate
irradiation system should be installed. To obtain a variety of
probable ion beams for fabrication, optimization of the op-
eration parameters of NANOGAN should be carried out with
Ar and other elements.
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