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Abstract

RIKEN RI-Beam Factory (RIBF) provides fast Kr and Ar ions to private companies in Japan for the SEE evaluations of space-use semiconductors.
The samples can be irradiated in the atmosphere, and LET and flux can be selected from wide range of values.

We present the irradiation facility and measurements of the beam characteristics, and discuss beam-impurity nuclides produced in the upstream
materials through radiochemical analyses and ion-transport simulations.

RIKEN RI-Beam Factory (RIBF) Irradiation

RIBF [1] is a heavy-ion accelerator facility which features high intensity beams of ions of all Beamline

elements with energy up to 345 MeV/u and various radioactive isotope beams (Rl beams).

RIBF is mainly used for experiments in nuclear physics, materials sciences, chemistry, and
radiation biology.

In 2014, RIBF started to provide fast heavy ions up to 95 MeV/u for fee to private companies
which evaluate single-event effects (SEEs) of space-use semiconductors.

Beam and Facility for Semiconductor Irradiation
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Determination of degrader thickness vs. LET
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Uniformity of flux distribution

The beam is scanned by the Si 70 MeV/A Kr with 46 um Au scatterer
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Energy and LET distribution

Energy spectra of ions are measured by the Si detectors at different
degrader thicknesses.
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Beam Impurities Originating from Upstream Reactions

Nuclear reactions in the upstream materials, such as the window, the energy-degrader, the transmission-type detectors and air, produce fast nuclides that
contaminate the beam and affect the LET distribution. We studied the production probabilities of impurity nuclides in the Kr beam by a radiochemical

method and compared them with a simulation.

We irradiated Si wafer and acrylic plate with the 3*Kr beam at the clients’
irradiation position. The two materials were selected to distinguish the
radionuclides produced upstream from those produced in the sample.
The degrader was 586-um thick and the irradiation time was 10 min each.

Irradiation of test samples
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Probabilities of nuclides stopped in the sample

Gamma-ray measurements

Gamma-ray spectra of the samples were taken with the Ge
detectors from 7 min to 3 mon after the irradiations.
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PHITS predicts that the impurity beam consists mainly of projectile-like

nuclides with 20 < Z £ 39, whereas those produced in the sample extend to
higher Z, and reproduces the overall features of the measured probabilities of

the RI nuclides in the samples. We think it validates the use of PHITS to

simulate our beam and irradiation, and we go further into simulations with
different thickness of degraders.

About 61 species (**Na to 19Ag) were identified in the Si wafer and 49

species (**Na to %™Mo) in the acrylic plate.

Degrader thickness dependence of LET distribution

Production probabilities were obtained from the radioactivity.
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Z < 36: similar between Si and acrylic, mainly impurity-beam nuclides
Z > 42: only nuclear reactions in the Si sample,
37 £ Z = 42: similar or higher in the acrylic, both origins may contribute.

Summary

According to PHITS, the high-LET impurity is degraded projectile-like
nuclides and accounts for about 1 % of the beam at maximum for

intermediate thicknesses of the degrader.
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RIKEN Rl Beam Factory provides fast heavy ions to private companies in Japan to simulate cosmic-ray induced SEE in space-use semiconductor devices.

Kr and Ar ions are in use with a uniform dose distribution in the 5-cm-diameter area and the LET selectable from 2.2 to 41 MeV/(mg/cm?).
Samples can be irradiated in air and the clients can control the LET and ion flux from outside of the radiation-controlled area.
Production probabilities of impurity-beam RI nuclides were measured by radiochemical analyses of irradiated test samples.

Heavy-ion transport simulations reproduced the overall features of the measured probabilities, and shows that high-LET impurity nuclides produced in the
upstream materials accounts for about 1 % at maximum of the intensity of the Kr-beam.

References

1. H. En’yo, Nuclear Physics News, Vol. 25, No. 3 (2015) 5, http://www.rarf.riken.jp/index_e.html.

2. J.F. Ziegler: http://[www.srim.org/.

3. T. Sato et al., “Features of Particle and Heavy lon Transport code System (PHITS) version 3.02”, J. Nucl. Sci. Technol.

https://doi.org/10.1080/00223131.2017.1419890, https://phits.jaea.go.jp/index.html.




