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1. Introduction

Developing suitable targets for neutron generators, particularly for producing
single-energy neutrons, has long been a topic of interest. Researchers have
explored various materials, including titanium, a promising candidate due to
its ability to store hydrogen isotopes. Theoretical calculations and experiments
have shown that titanium targets are stable up to 200°C and have a high
neutron yield.
Recent studies have focused on optimizing target material selection,
deposition methods and conditions. For example, Bystritsky et al. used
magnetron sputtering to deposit thin films of titanium and other metals on
stainless steel and silicon substrates, observing an increase in neutron
production due to electron screening and tunneling effects. Li et al. designed
and fabricated a titanium target with optimized thickness, resulting in
enhanced neutron production in a portable neutron generator.
This study aims to design and fabricate a solid target for generating neutron
flux in an electrostatic accelerator. A titanium layer was deposited on a copper
substrate using ion beam sputtering, and the target's structure, morphology,
and elemental composition were characterized. Experiments were conducted
to evaluate the target's neutron production capability by bombarding it with
deuterium particles in the accelerator.
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2. Methodology
A copper substrate was selected due to its high thermal conductivity,
economic efficiency, and availability of high-purity material to create a target
for an electrostatic accelerator. The substrate was machined into a 31.5 mm
diameter flake with a 2 mm thickness to withstand pressure differences and
heat transfer. A 25 mm diameter titanium film was then deposited onto the
copper substrate using an ion beam sputtering device, with a controlled
substrate temperature of 400°C and an argon gas flow. The deposition process
took 3 hours.
The target was designed to be used in a 150 keV electrostatic accelerator,
which produces a deuteron beam with a maximum energy of 150 keV and a
maximum current of 1 mA. The accelerator's output beam diameter is 20 mm,
and the target's titanium film was sized to accommodate slight beam
deviations.
A BF3 detector was used to measure the neutron flux, with an irradiation time
of 2 hours to test the target's performance. To ensure repeatability and
stability, the measurement was repeated three times on different days. A
control target without injection was also prepared to compare with the
background results.

3. Results and Discussion

The X-ray diffraction spectrum of the fabricated target samples and substrate
was analyzed using an X-ray diffractometer. The results showed that the
substrate had three characteristic peaks, while the target had four peaks
corresponding to different orientations of titanium. Interestingly, one of the
substrate's peaks, Cu (111), was also detected in the target's spectrum,
indicating that the X-rays had penetrated through the target layer and reached
the substrate.

Scanning electron microscopy (SEM) was used to examine the morphology
of the target surface, revealing a uniform film with no significant features or
defects. At a higher magnification, fine grooves were observed in some areas,
possibly caused by ion bombardment. However, no heterogeneous holes or
pores were detected, indicating a uniform coating. The SEM images also
showed a surface with a uniform distribution of grains in the range of several
tens of nanometers. A 3D SEM image confirmed that the titanium film had
grown uniformly and integrally on the substrate. Energy-dispersive X-ray
(EDX) analysis confirmed the presence of copper and titanium in the sample.
The composition and depth profile of a fabricated target were analyzed using
ion beam analysis methods, including Rutherford backscattering spectroscopy
(RBS), nuclear reaction analysis (NRA), and elastic recoil detection (ERD).
The results showed that the target had a thick copper substrate and a thin
titanium film with a thickness of 1.9 pm. The titanium film had a slight
hydrocarbon contamination on its surface, but no hydrogen impurities were
detected. The target also had a thin oxide film on the copper substrate, along
with some carbon contamination.

The target was tested for neutron production in an electrostatic accelerator,
and the results showed that the neutron flux was of the order of 107 neutrons
per second. The target demonstrated good stability over 20 weeks, with no
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significant decrease in neutron flux. Additionally, the target showed a
significant increase in neutron flux compared to a target without injection,
indicating that the injected gases were effectively confined within the target.
Overall, the results suggest that the fabricated target has good quality and
efficiency for neutron production.

4. Conclusion

A 1.9 pm-thick titanium film was successfully deposited on a copper substrate
using ion beam sputtering. Characterization techniques, including XRD, SEM
and EDX, revealed a uniform titanium film with a preferred Ti (002)
orientation and a low impurity content (<3% C and <9% O). The sample
demonstrated stability over time, with a consistent neutron flux of 107 n/s
achieved through optimized bombardment conditions. Notably, the optimized
sample showed a significant increase in neutron production compared to a
sample without injection, with a difference of one order of magnitude.

Keywords: Titanium Film, Target, Accelerator, Neutron.
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Table 1. Deposition conditions of titanium film on copper substrate
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Figure 2. The XRD patterns of copper substrate.
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Figure 3. The XRD patterns of target.
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Figure 4. The SEM image of target.
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Figure 5. The 3D SEM image of target.
A & gai (skas aw SEM. ;507 O S0

Element | Weight% | Atomic% Spectrum 1
i 14.48 18.34

85.52 81.66

100.00 100.00

0 2 4 6 8 10 12 14
Full Scale 543 cts Cursor: 0.000
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Figure 7. Deuteron backscatter spectrum Eq=1000 keV from the fabricated target
along with simulation of the spectrum from RBS and NRA analyses.
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s Deuterium | Indium | Neutron Yield
Irradiation .
. . beam foil (at target
Target Time Time . .e
(Hour) current activity position)
(nA) (Bq) (/S)
Ti/Cu
(Without | 455 /10/18 2 200 18 | 5.247x10410%
injection)
TiD/Cu | 1402/10/20 2 200 116.76 | 3.727x107£10%
TiD/Cu | 1402/11/05 2 200 193.7 | 6.091x107+10%
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Figure 9. Counts recorded by the BF3 detector at ten-minute intervals for the
TiD/Cu target and the target without injection.
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