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Abstract

Boronization is planned as one of the wall conditioning techniques for impurity reduction in fusion plasmas. Oxygen-
containing boron films were prepared for simulating boronization, and exposed to energetic deuterium ions. From the XPS
results, it was found that the B-1s peak energy was shifted to higher energy as the oxygen concentration increased. How-
ever, the deuterium retention decreased according to TDS. In addition, deuterium desorption was observed at a higher
temperature, which is not found for a deuterium ion implanted pure boron film. These facts indicate that boron oxide
was formed and deuterium was trapped by forming O–D bond when the oxygen concentration was above 37%. We
conclude that the oxygen concentration should be kept less than 10% to prevent high tritium retention on the surface
of the first wall in the future fusion devices.
� 2007 Elsevier B.V. All rights reserved.
1. Introduction

Boronization has been applied to many fusion
devices, JT-60U at Japan Atomic Energy Agency
(JAEA), the Large Helical Device (LHD) at
National Institute for Fusion Science (NIFS) and
so on, as one of the first wall conditioning technique
[1–3]. Boron is known to be easily bound to various
impurities such as oxygen and carbon, and it keeps
the impurity concentration low in plasmas [3–7]. It
is thought that energetic tritium, deuterium, helium
and neutron will be implanted into the boron film in
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a fusion environment. Therefore, the elucidation of
hydrogen isotope trapping and desorption behav-
iors is one of the most important issues for the eval-
uation of fusion safety.

In our previous studies, the effect on deuterium
implantation of temperature and helium irradiation
variation using high pure boron film was examined,
and it was found that deuterium was trapped in the
pure boron film by forming B–D–B bridge bond
and B–D terminal bond [9,10]. The activation ener-
gies of B–D–B and B–D bonds were also calculated
to be 1.11 ± 0.21 eV and 2.17 ± 0.36 eV, respec-
tively [8]. The deuterium retention in the boron film
was decreased by helium ion irradiation [9]. How-
ever, some impurities i.e. oxygen, will contaminate
the boron film during the initial deposition of the
.

mailto:f5644008@ipc.shizuoka.ac.jp


Fig. 1. The B-1s XPS spectra for each sample before deuterium
ion implantation.

Fig. 2. TDS spectra of D2 for each sample. The composition
ratios of B and O were 95.9% and 2.0% for sample A, 82.5% and
11.4 for sample B, 59.0% and 38.8% for sample C and 58.7% and
37.4% for sample D.
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coating. Therefore, it is important to elucidate the
impurity effect on hydrogen retention behavior in
the boron thin film. The oxygen concentration
dependence on chemical behavior of energetic deu-
terium implanted into the oxygen-containing boron
film is also discussed in the current study.

2. Experiments

The preparation of oxygen-containing boron
films was performed using the plasma CVD (P-
CVD) apparatus at Shizuoka University. Its detail
was described in our previous paper [11]. Before
the deposition, the plasma discharge for surface
cleaning was performed for 30 min using only
helium gas of 3.8 sccm. Thereafter, decaborane
(B10H14) gas of 2.5 sccm and helium gas of 3.8 sccm
were used for a material gas and a dilute gas, respec-
tively. The substrate temperature was kept at room
temperature during the deposition process and the
thickness of boron was around 150 nm. By intro-
ducing oxygen gas with different concentrations into
the source gas, four samples with different oxygen
concentrations were prepared. The atomic composi-
tion ratios of boron in these samples were 95.9%,
82.5%, 59.0% and 58.7%, and those of oxygen were
2.0%, 11.4%, 38.8%, and 37.4%. These samples were
named sample A, sample B, sample C and sample
D, respectively. The concentration of oxygen for
sample A was almost impurity level. The concentra-
tions of carbon and nitrogen for the samples were
less than 3%.

After heating at 993 K for 10 min as a pretreat-
ment, deuterium ions were implanted into the sam-
ples with an ion energy of 1.0 keV and an ion flux
of 1.0 · 1018 D+ m�2 s�1 up to the fluence of
7.3 · 1021 D+ m�2. Before the deuterium ion implan-
tation, XPS (X-ray photoelectron spectroscopy,
ALVAC-PHI Inc., ESCA 1600 Series) using Mg-
Ka as an X-ray source and TDS (thermal desorption
spectroscopy) measurements were carried out for
each sample. The heating rate for TDS was set to
be 0.5 K s�1 and the sample was heated up to a tem-
perature of 993 K. The molecules desorbed from the
sample were measured using a quadrupole mass
spectrometer (QMS).

3. Results

Fig. 1 shows the B-1s XPS spectra for the sam-
ples before the deuterium ion implantation. For
the samples A and B, a peak appeared at around
188 eV. For the samples C and D, two peaks were
observed at around 189 eV and 193 eV, respectively.
It was suggested that the peak energy of 188–189 eV
corresponded to pure boron state and that of
193 eV, B2O3 state, respectively [12,13]. The B-1s
peak energies for the samples C and D were located
at pure boron state, but these peaks were slightly
shifted to higher energy side by the oxygen con-
tained in the boron film.

The TDS spectra of D2 for the samples were shown
in Fig. 2. The deuterium retentions of the samples A,
B, C and D were estimated to be 4.46 · 1021 D m�2,
1.25 · 1021 D m�2, 7.88 · 1020 D m�2 and 3.22 ·
1020 D m�2, respectively. The peak analysis was car-
ried out using a Gaussian function to fit each TDS
spectrum. Fig. 3 shows the typical results of peak
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analysis for the samples A and D. It was found that
the TDS spectra for both samples consisted of three
peaks. The peak analysis of the sample A is almost
the same as the results of peak analysis performed
in our previous study [9]. Peak 1 was attributed to
the desorption of deuterium trapped by interstitial
site, which was observed only in the sample A. This
fact suggested that as the deuterium was released as
D2O during deuterium implantation and its retention
was largely decreased for the oxygen-containing
boron with oxygen concentration above 10%, deute-
rium retention trapped by interstitial site would be
negligible small.

Peaks 2 and 3 corresponded to the desorption of
deuterium bound to boron with forming B–D–B
bridge bond and a B–D terminal bond, respectively.
These bonds could be simultaneously formed. How-
ever, for the samples C and D, another desorption
Fig. 3. The peak analysis for samples A and D. The composition
ratios of B and O were 95.9% and 2.0% for sample A and 58.7%
and 37.4% for sample D. Peaks 1–4 were corresponded to
interstitial site, B–D–B bond, B–D bond and O–D bond,
respectively.
peak, namely Peak 4, was observed at the higher
temperature side (850 K).
4. Discussion

It was found that a B–O bond occurs while form-
ing B2O3 in the boron film during introduction of
oxygen during the P-CVD process. By adding oxy-
gen in the boron film, the deuterium retention was
clearly decreased as shown in Fig. 4. It can be said
that the implanted deuterium was trapped by oxy-
gen with O–D bond and quickly detrapped from
the sample by forming D2O or D2, which was con-
sistent with D2O and D2 releases observed by a mass
spectrometer during the deuterium ion implanta-
tion. In Fig. 4, the deuterium retention associated
with each peak of Fig. 3 is also shown. It was found
that the deuterium retentions from Peaks 2 and 3
were decreased with increasing oxygen concentra-
tion, especially that from Peak 3 which was strongly
decreased to less than 5% for oxygen concentrations
above 37%. Therefore, it was suggested that the
decrease of deuterium retention was caused by
decreases of available B–D bonds. However, the
deuterium retention associated with Peak 4 was
slightly increased. These facts also indicate that
the B–O bond formation prevents deuterium trap-
ping through B–D bond formation in the boron film
although some deuterium was likely trapped by
forming O–D bonds.

Fig. 5 summarizes the ratio of B2O3 peak area to
total boron peak area ðAB2O3

=Atotal BÞ for the deute-
rium implanted samples estimated by XPS as well as
the deuterium retention associated with Peak 4 by
Fig. 4. The deuterium retentions of all peaks, Peak 2, Peak 3 and
Peak 4 for each sample. Peaks 1–4 corresponded to interstitial
site, B–D–B bond, B–D bond and O–D bond, respectively.



Fig. 5. The ratio of B2O3 peak area to total boron peak area
ðAB2O3

=Atotal BÞ for the deuterium implanted sample estimated by
XPS and the deuterium retention from Peak 4 by TDS as a
function of oxygen concentration.
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TDS as a function of oxygen concentration. The
deuterium desorption from Peak 4 was only
observed in samples C and D, and increased as
the oxygen concentration increased. This result is
almost consistent with the XPS results that the
AB2O3

=Atotal B ratio for the sample C was larger than
that for the sample D as shown in Fig. 5. These facts
indicate that the existence of B2O3 induced the deu-
terium desorption from Peak 4, where deuterium
was trapped by oxygen.

A study of the surface oxygen concentration in a
boronized wall in the JT-60 reached around 20% [7].
This fact implies the B2O3 could be formed in the
boron layer on the first wall of future fusion devices
and tritium would be trapped with high binding
energy, which could lead to high tritium retention
on the surface of the first wall. According to the
present study, B2O3 is not significantly formed if
the oxygen concentration is less than 10%. These
results conclude that the oxygen concentration
should be kept less than 10% to prevent the reten-
tion of tritium trapped with high binding energy
on the surface in the future fusion devices.

5. Conclusion

The four samples with different oxygen concen-
tration were prepared using P-CVD for simulating
boronization. The chemical states and desorption
processes for the oxygen-containing sample with
deuterium ion implantation were studied by XPS
and TDS. From XPS results, the B-1s peak energy
was shifted to higher energy as the oxygen concen-
tration increased, indicating that B2O3 was formed
in the boron film with high oxygen concentration.
However, deuterium retention was decreased
according to the TDS results. The deuterium reten-
tion for the sample with the oxygen concentration
above 37% was decreased to less than 5% compared
to that for the pure boron film. However, deuterium
desorption occurred at a higher temperature, which
indicates that the deuterium was trapped by oxygen
by forming an O–D bond when the oxygen concen-
tration was above 37%. These results indicate that
the oxygen concentration should be kept less than
10% to prevent tritium retention high on the surface
of the first wall in the future fusion devices.
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