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Single-event effects in SiC planar and trench power MOSFETs

M. Iwata,∗1 E. Mizuta,∗1 M. Takahashi,∗1 and H. Shindou∗1

Wide-bandgap semiconductors such as silicon carbide
(SiC) have been attracting attention as materials for
high-efficiency semiconductor devices. The adoption of
SiC power modules has recently progressed in the field
of railways and automobiles. In the aerospace industry,
the use of SiC devices requires the effects of radiation
to be clarified and these issues to be overcome. In this
paper, we report the results of radiation tests for SiC
power metal-oxide-semiconductor field-effect transistors
(MOSFETs).

Two types of commercial n-channel SiC power MOS-
FETs were used in this experiment, as shown in Fig. 1.
The maximum rating for the drain-source breakdown
voltage of these devices is 1200 V. Test samples were
irradiated with 136Xe ions of 638 MeV perpendicularly
at the device surface at room temperature in air using
RIKEN RILAC2 in combination with the RIKEN Ring
Cyclotron (RRC). During irradiation, the gate voltage,
VGS , was set to 0 V. The drain bias voltage, VDS , was
initialized at 100 V and increased in 20 V steps. The
total fluence at each VDS was 3.0× 105 ions/cm2.

Figure 2 shows the current transition of IDS during
irradiation up to VDS = 160 V. The leakage current of
the planar-type sample started to increase gradually at
VDS = 140 V, as shown in Fig. 2(a). This behavior is
quite different from that usually observed during heavy-
ion irradiation on Si power MOSFETs, where the leak-
age current abruptly increases by single-event burn-out.
The tendency of gradual increase on the planar sample
is analogous to the failure modes of SiC Schottky bar-
rier diodes.1) On the other hand, the leakage current of
the trench-type sample increased rapidly at the begin-
ning of irradiation, as shown in Fig. 2(b). In Si trench
MOSFETs, a degradation mechanism related to a micro-
dose effect due to heavy-ion irradiation was reported,2)
and we assume that the same effect is caused in the SiC

Fig. 1. Cross-sectional structure of the test devices.
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Fig. 2. Result of current monitoring during irradiation.

Fig. 3. Result of current monitoring before and after irradi-
ation.

trench-type sample. The trench structure enables the ir-
radiated ions to pass through the gate oxide along the
entire length of the channel and generate electron-hole
pairs. Trapped holes might exist in the gate oxide be-
cause the hole diffusion velocity is less than that of elec-
trons, and they might introduce a large leakage current
path immediately after the start of irradiation.

Figure 3 shows the I-V curves of the drain leakage
current before and after irradiation. The degradation by
irradiation seemed worse in the trench-type sample than
in the planar sample.

Because the planar-type SiC MOSFETs did not show
the microdose effect and its leakage current after irradi-
ation was less than that of the trench-type sample, the
planar gate structure can be considered suitable for use
in space.
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Profile measurements of dual-microbeams generated by glass capillaries
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Tapered glass capillary optics is known to be a
simple and reliable microbeam generator for ion/laser
beams.1,2) The DNA of living cells is seriously dam-
aged by not only ion-beam irradiation but also UV light.
However, to avoid mis-hitting of a target cell nucleus, a
laser sight of a visible micrometer-sized spot is needed
prior to the UV microbeam shooting, where the visible
light never damages the DNA. We have proposed a dual-
microbeam system of visible light + ion beam (produced
at Pelletron in RIKEN Nishina Center) and visible + UV
light because any quantum beams can be transmitted
through the capillary optics. The transmission charac-
teristics and the microbeam profiles of visible laser were
investigated until 2017,3) followed by the similar study
for UV microbeams.4) To realize the system of visible
+ UV laser, the two microbeam spots should be on the
same position. In this report, the displacement between
the two spots as a function of possible mis-alignment of
the input beam is described, although a laser beam is
well-guided by the capillary optics.

Figure 1 shows the setup in Toho University. A UV
laser with a wavelength λ = 375 nm from a source
(THORLABS L375P70MLD) entered a glass capillary
with an outlet diameter of 60 µm, where the capillary
was aligned with an accuracy better than the smallest
scale of 0.34 mrad in the mirror tuning. The microbeam
profile approximately 3-mm downstream of the capillary
was obtained as shown in Fig. 2 by a knife-edge method
employing a motorized stage (SURUGASEIKI XY620-
G-N) and a photodiode (OPHIR PD300) connected to
a power meter display. The central sharp peak like an
airy disk, which is known in Fraunhofer diffraction for
a circular aperture, was used to extract the full width
at half maximum (FWHM) as the spot size after Gaus-
sian fitting. A visible light laser (λ = 488 nm) from a
source (Photochemical Research Associates Inc. LA15R)
also entered the capillary with a half mirror, which was
tilted horizontally to emulate the mis-alignment with a

Fig. 1. Experimental setup with a knife-edge method to ob-
tain the beam profiles. The distance L ∼ 3 mm.
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Fig. 2. Horizontal profile of a UV microbeam. The spot size
is defined as the FWHM of the central sharp peak.

Fig. 3. Displacement of the visible spot from the UV spot as
a function of θ, along with the spot sizes.

step of 0.68 mrad. The peak position and the spot size of
each laser were measured according to the tilting angle
θ, where θ = 0 when the UV and visible laser entered
coaxially.

The displacements of the visible laser spot from the
UV spot as a function of θ are plotted in Fig. 3. The
green and purple symbols show the peak positions of
visible and UV lasers, respectively, where the UV peak
positions were set to zero. The vertical bars correspond
to the spot sizes, which depend on the initial beam di-
vergences. As expected, the UV spot sizes were almost
constant. We confirmed that the visible laser peak posi-
tions were measured to be constant in the larger θ region
(≥1.36). The guiding effect of the laser beam through
the capillary optics is clearly proven.5) However, for UV
spot sizes of ∼30 µm, the mis-alignment θ should be sup-
pressed to less than 1.36 mrad to obtain the same spot
positions so that the mis-hitting in the UV microbeam
irradiation is avoided.
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