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Abstract

We verified the performance of a CMOS sensor (GSENSE 400BSI-TVISB fabricated by Gpixel Co.)
to detect soft X-rays and its radiation tolerance for space use. When the CMOS was irradiated with
low-energy X-rays in a vacuum chamber, a fluorescent Al Kα X-ray line at 1.49 keV was clearly detected.
Furthermore, we estimated radiation tolerance against high-energy gamma-rays (Co-60 for 30 krad) and
100-MeV protons (4.8×1010 proton/cm2). We find that an increase in dark current was suppressed by
cooling to ≤−20 ◦C with an exposure time of ∼ 0.1 s, and then X-rays above 0.4 keV can be detected
even after irradiation. We also investigated radiation tolerance of low-energy alpha-rays from Am-241.
By adjusting the Bragg peak positions of alpha-rays, we selectively irradiated the CMOS depletion and
circuit layers with low-energy alpha-rays. Even for such high dose, a lower detectable energy of 0.4 keV
was achieved for the CMOS detector.
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1. Introduction

Gamma-ray bursts (GRBs) are one of the most lumi-
nous transients emitting X-rays and gamma-rays with a
great amount of energy (∼ 1053 erg) on short timescales
(0.1 – 100 s). Due to the extreme brightness, GRBs are
thought to be the most promising tool to probe the early
universe at z > 7. In particular, radiations from high-
redshift GRBs in the prompt-emission phase are domi-
nant in the soft X-ray band. Furthermore, for detection
of the gravitational-wave event GW 170817 (Abbott et
al. 2017), a faint soft X-ray emission was detected as
GRB 170817, and its physical origin is still being dis-
cussed. Thus, soft X-ray survey with a wide field of view
and high sensitivity is crucial to future GRB observa-
tions.

HiZ-GUNDAM (high-z gamma-ray bursts for unravel-
ing the dark ages and extreme space-time mission; Yo-
netoku et al. 2014) is a proposed future mission to ex-
plore the early universe via high-redshift GRBs and ob-
serve mysterious electro-magnetic counterparts of GW
sources. HiZ-GUNDAM has two kinds of mission pay-
loads: wide-field X-ray detector to survey soft X-ray
emission of GRBs in the 0.4 – 4 keV band, which con-
sists of lobster-eye optics and CMOS image sensors, and

GSENSE 400BSI-TVISB
Pixel size 11×11 µm2

Number of pixels 2048×2048
Maximum frame rate 48 fps
Shutter type rolling shutter
Power <0.650W

Table 1. Specifications of GSENSE 400BSI-TVISB

an infrared telescope to perform follow-up observations
of GRB counterparts detected and localized by the wide-
field X-ray detector. This paper describes the low-energy
X-ray detection capability and the results of radiation
tolerance of the CMOS image sensor for the wide-field
X-ray detector of HiZ-GUNDAM.

2. Specification of CMOS image sensor

As a focal X-ray pixel detector we use a back-illuminated
CMOS image sensor “GSENSE 400BSI-TVISB” with a
pinned photodiode configuration, developed and fabri-
cated by Gpixel Co. Detailed specifications of GSENSE
400BSI-TVISB are illustrated in Table 1.
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Fig. 1. Obtained spectra of Al-Kα line (1.49 keV) for the single-pixel

event (red) and multi-pixel event (blue)

3. Detection of a low-energy fluorescence line

The detection capability of low-energy X-rays for
GSENSE 400BSI-TVISB was evaluated using a fluores-
cence X-ray line with 1.49 keV generated by Al target
and the X-ray generator “Mini-X” by Amptek, where
the experiment was conducted in a vacuum chamber at
∼10−4 Pa. The Al-Kα line was clearly detected in both
cases of the single-pixel and the multi-pixel events as
shown in Figure 1. Here, when X-rays interacts with the
CMOS sensor, the obtained pixel images of X-rays have
two patterns: a single pixel and multi pixels. This result
indicates that GSENSE 400BSI-TVISB is a promising
CMOS sensor to detect X-rays with more than ∼1 keV.

4. Radiation tolerance

Since the total-dose and single-event effects degrade de-
tection performance particularly for soft X-rays, radia-
tion tolerance of the CMOS sensor is very crucial for
space application. The radiation tolerance was tested
using gamma-rays from Co-60 source, 100-MeV protons
and 5.5-MeV alpha-rays from Am-241.

4.1. Co-60 and 100MeV Proton

For the total-dose effect, we performed a test using
gamma-ray (1.17 and 1.33 MeV) from the Co-60 source
(30 krad, 38 years in orbit) at the Co-60 Radiation Facil-
ity, Tokyo Institute of Technology, Japan. The lower de-
tectable energy threshold (LD) of the single-pixel event
was achieved to be <400 eV at 10–20◦C.

For the single-event effect, a test using 100-MeV pro-
tons with a flux of 1×107 protons/s/cm2, and a fluence
of 4.8×1010 protons/cm2 (5 krad, 6 years in orbit) was
performed at The Wakasa Wan Energy Research Cen-
ter, Japan. We find that the radiation damage signif-
icantly occurs upon irradiation even at +20◦C (left of
Fig. 2) due to increase in dark noise. However, by cool-
ing to −20◦C, a noise tail on the low-energy side disap-
pears (right of Fig. 2) because of decreasing dark noise.
Hence, if we adopt the operation temperature of −20◦C,
we achived the LD to be ∼ 0.4 keV.

Fig. 2. Comparison between the obtained spectra of Mn-Kα and

Mn-Kβ lines before and after 100-MeV proton irradiation.

4.2. 5.5-MeV alpha-rays

In the 100-MeV-proton test, every incident particle pen-
etrates the CMOS sensor. For the worst case, inci-
dent charged particles with lower energies (e.g., a few
MeV) would cause serious damage in the CMOS sensor
(Prigozhin et al. 2000). To mimic the worst scenario, we
used an alpha-ray source of Am-241 with 24 krad (equiv-
alent to a ∼30-year operation in orbit). The effective
range of alpha-rays in silicon is ∼15 µm for a 5.5-MeV
alpha-ray, taking into account a beryllium window of the
Am-241 source. When we irradiate alpha-rays from Am-
241 at 0◦ and 45◦ incident angles to the surface of the
CMOS sensor, the Bragg peaks correspond to the epi
layer and the circuit layer. The result shows that the
irradiation to the epi layer gives much more serious dam-
age than that of the circuit layer and the LD becomes
worsened to ∼ 0.6 keV. Nevertheless, even in such a case,
if we properly remove bad pixels with relatively high dark
noise, we can obtain the LD to be 0.4 keV instead of a
loss of detection efficiency by a few percent.

5. Summary & future prospect

We are developing the CMOS X-ray detector as X-ray
focal detector for HiZ-GUNDAM mission. In this study,
we found that GSENSE 400BSI-TVISB has soft X-ray
detection capability with >0.4 keV and strong radiation
tolerance. We are currently conducting an experiment
to irradiate X-rays of <1 keV in the vacuum condition.
In addition, onboard processing system for X-ray event
extraction by FPGA is needed and then the system is
under development. We will report these results else-
where.
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