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Evaluation of radiation tolerance of electronics parts used for
instrument onboard spacecraft

KATSUSE Riku"!, YOSHIOKA Kazuo"', KUWABARA Masaki*?,
HIKIDA Reina®', YOSHIKAWA Ichiro™!

Abstract: In the space environment where the spacecraft is exposed to severe radiation, the instrument may
suffer for data degradation or fatal malfunction such as the increase of dark current, upset, and change in
current consumption. Recently, the university-made ultra-small spacecraft has become popular. As for the
mission in this class, the cost and time for development can be reduced by using the commercial products.
However, the problem is that these commercial products are thought to have no radiation tolerance. Then,
estimation of the total radiation dose through the mission life, and radiation test for those parts are very
important.

We are developing the extreme ultraviolet imager (PHOENIX : Plasmaspheric Helium ion Observation
by Enhanced New Imager in eXtreme ultraviolet), onboard the ultra-small spacecraft (EQUULEUS), which
will be launched in 2020 by NASA’s SLS. The imager will observe the EUV emissions (A=30.4 nm) from
He' in the Earth’s plasmasphere from around the Earth-Moon 2" Lagrange point. The commercial
electronics parts for the analog circuit and FPGA are used for PHOENIX. The radiation tolerance for those
parts must be verified. Then, we have estimated the total dose using Monte Carlo simulation (Geant4). In
addition, the parts are tested under the facility for gamma-ray radiation (Cs137).

The estimated values for the total dose are around 1 X 1072 krad/yr, 3 x 10™! krad/hr, 5 x 1072
krad/hr, and 3 x 10! krad/hr from Galactic cosmic rays, Solar flare particles, Earth’s inner, and outer
radiation belt particles, respectively.

EQUULEUS mission is planned to be operated for 2 years in orbit. By assuming the crossing time of the
Earth’s radiation belt to be 1 hour (which is feasible with respect to the normal deep-space missions), and

the total duration of the direct hit of solar energetic particle event to be 1 month, the total dose for the
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instruments are estimated to be 1.2 krad.

As aresult of a radiation test, the IC used in the signal amplifying circuit and FPGA are confirmed to have
a radiation resistance up to 12 and 5 krad, respectively. This means that those commercial products can be
applied for the EQUULEUS mission.

For FPGA, the current consumption was increased after the total dose exceeds 12 krad. Furthermore, when
the total dose exceeds 20 krad, the data error which seems to be related to bit inversion effect was observed.
In addition, the annealing effect was seen by turning the power off and on again. However, an increasing

trend of around 10 mA (about 10% of the normal current) was remained. This remains to be elucidated.

Keywords: radiation, ultra-small mission, commercial products, deep space mission
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