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Abstract—The radiation tolerance of isotopic enriched and
natural silicon carbide junction barrier Schottky diodes are
compared under heavy ion irradiation. Both types of devices
experience leakage current degradation as well as single-event
burnout events. The results were comparable, although the data
may indicate a marginally lower thresholds for the isotopic
enriched devices at lower linear energy transfer (LET). Slightly
higher reverse bias threshold values for leakage current degrada-
tion were also observed compared to previously published work.

Index Terms— Heavy ion irradiation, leakage current degrada-
tion, monoisotopic, Schottky diodes, silicon carbide, single-event
burnout (SEB), single-event effects.

I. INTRODUCTION

ILICON carbide (SiC) is a wide bandgap semiconduc-

tor with favorable material properties for use in power
electronics applications. In comparison to silicon, the higher
breakdown electric field and thermal conductivity allow SiC
devices to operate with higher blocking voltages and at
higher temperatures [1], [2]. For SiC power devices, such as
high-voltage Schottky diodes and metal oxide semiconductor

Manuscript received 11 January 2022; revised 27 February 2022 and 3 April
2022; accepted 3 May 2022. Date of publication 5 May 2022; date of current
version 18 July 2022. This work was supported by the General Support
Technology Programme (GSTP) European Space Agency (ESA).

The diodes in this study have been produced as part of the Optimal SIC Sub-
strate for Integrated Microwave and Power Circuits (OSIRIS) Project. OSIRIS
received funding from the Electronic Component Systems for European Lead-
ership Joint Undertaking (ECSEL JU) under Grant 662322. This JU received
support from both the European Union’s Horizon 2020 Research and Innova-
tion Program and the Project Participant’s National States (France, Norway,
Slovakia, and Sweden).

Ketil Rged is with the Department of Physics, University of Oslo,
0316 Oslo, Norway (e-mail: ketil.roed@fys.uio.no).

Dag Qistein Eriksen is with Isosilicon AS, 4622 Kristiansand, Norway, and
also with the Department of Chemistry University of Oslo, 0316 Oslo, Norway
(e-mail: d.o.eriksen @fys.uio.no).

Bruno Ceccaroli is with Isosilicon AS, 4622 Kristiansand, Norway (e-mail:
br-c@online.no).

Corinna Martinella is with the Department of Physics, University of
Jyviskyld, 40014 Jyviskyld, Finland, and also with the CERN Engineering
Department, 1211 Geneva, Switzerland (e-mail: corinna.martinella@cern.ch).

Arto Javanainen is with the Department of Physics, University of Jyviskyld,
40014 Jyviskyld, Finland, and also with the Electrical Engineering and Com-
puter Science Department, Vanderbilt University, Nashville, TN 37235 USA
(e-mail: arto.javanainen@jyu.fi).

Sergey Reshanov is with II-VI Kista AB (former Ascatron AB),
165 40 Kista, Sweden (e-mail: sergey.reshanov@ii-vi.com).

Silvia Massetti is with ESA-ESTEC, 2201 Noordwijk, The Netherlands
(e-mail: silvia.massetti@esa.int).

Color versions of one or more figures in this article are available at
https://doi.org/10.1109/TNS.2022.3173061.

Digital Object Identifier 10.1109/TNS.2022.3173061

field-effect transistors (MOSFETs), the build-up of heat can
nevertheless lead to reduced material integrity and decreased
device performance. The ability to transport heat is therefore
an important factor to consider for further development of SiC
devices. Studies have shown that isotopic enriched silicon may
be one possible way to improve thermal conductivity [3]-[5].
Similar results have also been demonstrated for SiC [6].

Silicon carbide is also an attractive material for power
devices used in harsh environments such as space applica-
tions. However, SiC power devices are sensitive to particle
radiation [7]-[9]. For devices biased in the off state, heavy
ion irradiation may result in catastrophic failure such as
single-event burnout (SEB), or at voltages below the SEB
threshold, leakage current degradation due to multiple single
ion strikes. It is suggested that the degradation is caused by
local heating effects leading to permanent physical modifica-
tion of the SiC lattice [8], [10], [11].

Even though it has been shown that isotopic enriched
SiC has better thermal conductivity than natural SiC, the
consequence of this material property in the performance of
electronic devices may be more complex to assess and inter-
pret. Therefore, it is imperative to make electronic components
also with pure isotopes and to test them in comparison with the
standard devices. This work explores the radiation tolerance
between SiC junction barrier Schottky (JBS) diodes manufac-
tured with either natural SiC or isotopic pure SiC, i.e., 2sil2c,
when irradiated with heavy ions at linear energy transfer
(LET)-values in SiC of 7.7, 14.5, 25.3, and 49.0 MeV-cm?*/mg.
Leakage current degradation and SEB events were observed
for both types of devices. The onset of degradation occurred
at similar bias voltages for the two higher LET values. At the
two lower LET-values, degradation was observed at marginally
lower bias voltages for the isotopic enriched devices.

II. EXPERIMENTAL METHODS

A. Devices

The devices used for this study were 1.7 kV SiC JBS diodes
provided by the Swedish company Ascatron AB (now II-VI
Kista AB) — manufactured with either isotopic enriched SiC
(*8Si'2C) or natural SiC. Both types use a 355 um thick sub-
strate of natural SiC manufactured by the Swedish company
Norstel (now STMicroelectronics Silicon Carbide AB). On top
of these substrates, the University of Linkoping (LiU) has
grown 100 xm thick epitaxial layers. The configuration of
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