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Ion beam irradiation on biological objects has played
an important role in applications such as cancer ther-
apy, mutation induction in plants, etc., which are based
on DNA damaging. The mechanism of DNA repair can
be investigated by performing microbeam irradiation to
a small area of the nucleus in order to artificially in-
duce accumulation of proteins for repairing. One of the
methods for producing the microbeams for irradiation
on cell nuclei involves the use of tapered glass capillary
optics whose beam inlet and outlet diameters are ∼1 mm
and several micrometer, respectively. A microbeam ir-
radiation system employing a glass capillary and MeV
H/He ions generated by Pelletron accelerator has been
developed at RIKEN.1) So far, irradiation experiments
have been performed on HeLa cells,2) E-coli. cells,3) and
medaka embryos. To maintain a high accuracy while
shooting the targets, we introduce an aiming system that
utilizes laser µm-spot for a cell and sub-mm-spot for in-
sects. The laser spotlight is generated by the glass cap-
illary, which is also used to produce the ion microbeam,
because the capillary can transmit both ions and laser
at the same time. In the case of the aiming system, the
transmitted laser is used to spotlight the target prior to
ion irradiation. When the wavelength of the laser is se-
lected as the excitation energy of a specific fluorescent
protein or fluorescent dye, only the labeled target to be
irradiated will be recognized.
The laser transmission experiments have been carried

out with tapered glass capillary optics in Toho Univer-
sity. The transmission characteristic was studied by
comparing the transmitted laser powers of the experi-
mental and simulated results. The simulation, including
the real capillary shape, showed good agreement with
the experimental data.4) In order to apply this technique
to the aiming system for a sub-mm-sized target on the
surface of a small live insect in air, profile measurements
of the laser spot should be performed to define the spot
size as the area having a power density larger than the
threshold density to detect the fluorescence from the tar-
get. In this case, the irradiation distance will be several
millimeter.
The profiles of the laser beams extracted from the

glass capillaries were measured at Quantum Electronics
Lab. in Toho Univ. The laser beam from an Ar+ laser
source (wavelength = 488 nm, CW power = 15 mW)
was introduced into an aperture having a diameter of
1 mm, followed by a tapered glass capillary. The glass
capillaries with a beam inlet of 1.8 mm in diameter were
fabricated by the authors so that the outlet sizes range
from 5.7 to 21.5 µm. The capillary entrance surface was
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Fig. 1. Extracted laser profile. The vertical axis represents

the power density when the target is located 14 mm

downstream of the capillary outlet whose diameter is

21.5 µm.

covered with silver paste to prevent the laser from trans-
mitting through the glass wall. Due to refraction, some
fraction of the laser beam in the capillary penetrates the
inner wall and travels outside toward the downstream,
which forms a serious background in the power measure-
ment of the beam extracted only from the capillary out-
let. To avoid the background, the bottle shaped region
of the capillary, which has the maximum taper angle, is
also covered with the silver paste. The power of the ex-
tracted beam was measured using a power meter based
on a photodiode.
For the first time, the power densities of the devel-

oped aiming laser at the 21.5 and 11.7 µm capillary out-
lets were obtained as 0.40 and 1.26 µW/µm2, respec-
tively, which were 104 and 327 times larger than those
at the inlets, where the input power was measured to
be 9.8 mW. Figure 1 shows the laser microbeam pro-
file for the capillary outlet with a diameter of 21.5 µm,
employing apertures of various sizes to cut the beam
profile. The horizontal axis represents the angle with
respect to the capillary direction, and the vertical axis
represents the power density when the target is located
14 mm downstream of the capillary outlet. The density
map was measured, also for the first time, to estimate
the spot size at the target in terms of sufficient excita-
tion light area. The plot shows that the effective spot
area is limited to within about 3◦ with respect to the
spot center. The calibration measurement of the center
position difference between the ion microbeam and the
laser spot using the Pelletron accelerator is in progress.
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Investigation of single-event effect observed in GaN-HEMT
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Wide bandgap semiconductor devices, such as GaN
and SiC, are attractive for next-generation satellites
to reduce the energy losses in high-power and high-
frequency systems. Although Si is still the dominant ma-
terial used in space systems, there is a strong demand
for new more efficient new devices. For GaN-HEMTs,
the single event effects (SEEs) for tele-communication
or radar components have already been evaluated. How-
ever, there are few reports for power-handling applica-
tions. For use in satellite power applications, it is neces-
sary to resolve SEE mechanisms and take some appro-
priate steps.

In this study, we report the results of evaluating SEE
on GaN-HEMT for power-handling applications. Table 1
lists the details of ions that were used for the evaluation
in this study. Figure 1 shows device structures. The
GaN-HEMT in this study is a commercial off-the-shelf
600 V device.

Typical experiment results are shown in Fig. 2. Fig-
ure 2(a) shows the change of IDS during irradiation as a
function of Xe fluence at VGS=0 V. Devices were irradi-
ated sequentially in steps of 20 V. Figure 2(b) shows IDS

and IGS at the end of each irradiation run as a function
VDS. Therefore, the curves indicate the increase of leak-
age current induced by the heavy ions. For Xe ions, the
leakage current increased continuously as the fluence in-
creased in the range of 300–360 V, and finally the device
was destroyed at 380 V because of excessive current. The
continuous behavior suggests that the damages occur at
localized damage sites introduced by each ion strike. For
tests with Kr ions that at VGS=0 V, the leakage current
does not increase up to 500 V, and the device was sud-
denly destroyed at 520 V because of excessive current.
On the other hand, for a test at VGS=+0.95 V, device
destruction did not occur until the rated voltage of the
device. It is assumed that the reason why the device
was not broken at VGS=+0.95 V was the voltage drop
between the drain and source due to the current flowing
between the drain and source. The difference of behav-
iors between Xe and Kr ions might be attributable to
the difference of LETs to create the damage sites. From
Fig. 2, it can be seen that a large current flow between
the drain and source. However, because the source pad
of this device was connected to the substrate, to distin-
guish the current pass, a detailed electrical measurement
was performed after cutting the connection between the
source and substrate. Figure 3 shows the leak current be-
tween the drain and substrate after irradiation. Clearly,
a conduction pass was observed between the drain and
substrate.

To confirm the electrical pass between the drain and
substrate, charge collection measurements with Kr ions
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Table 1. Characteristics of the
ion species.

Ion 86Kr 136Xe
Energy [MeV] 1600 2567
Range [um] 0.951 98.3

LET (GaN surface)
[MeV · cm2/mg] 18.0 36.2
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Fig. 1. Device structure.
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Fig. 2. Irradiation experiment results of GaN-HEMT.

were performed before breakdown. In the measurements,
the sample device works as a solid-state detector (SSD)
for the particle-energy analyzing system, and the col-
lected charge spectra are shown in Fig. 4. The figure also
shows that charges flow between the drain and substrate.
Moreover, the peak corresponds to the charge collected
in the entire geometric active area on the Si substrate.
Additionally, the collected charge is enhanced at a higher
bias voltage. However, the maximum collected charge is
approximately 1.0 pC, which is much less than the charge
deposited in the Si substrate, approximately 70 pC. The
active layer and Si substrate are electrically connected
by a charge column generated by an ion, but the con-
ductivity disappears while a small portion of the charge
deposited in the Si substrate is collected.

In this experiment, the SEE in GaN-HEMT was ob-
served. It is assumed that one failure mode of this GaN-
HEMT is the electrical connection between the active
layer and Si substrate due to ion incidence. On the other
hand, this phenomenon might depend on the angle of ion
incidence or portions on which ions are incident. In fu-
ture work, it is necessary to change these parameters and
to investigate another failure mode.
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Fig. 3. Drain-substrate leak
current after irradiation.

Fig. 4. Collected charge
spectra.
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