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1. research objectives and background

Until now, space components have been used for satellites.

However, space components are expensive and time-
consuming to obtain, which has been one of the causes of
development delays. Therefore, consumer products called
COTS (Commercial Off-The-Shelf), which are low-cost and
available to anyone, have been widely used, especially for
nano-satellites. However, commercial off-the-shelf systems
are not guaranteed to work in space. Therefore, they must be
tested in a simulated space environment before being used
in satellites. However, it is difficult to accurately simulate
the space environment, and accelerated testing is often
required.

This study focuses on the radiation environment, which is
considered to have a particularly large impact on COTS, and
examines the accuracy of TID tests conducted on the ground
for the TID effect, in which degradation occurs depending
on the irradiated radiation dose.

Translated with www.DeepL.com/Translator (free
version)

2. TMCR mission

The MCR mission stands for "Total ionizing dose
Measurement of COTS and onboard rad-hard components
mission. The purpose of the TMCR mission is two-fold.

The purpose of the TMCR mission is two-fold: first, to
verify the accuracy of the on-ground TID test, and second,
to validate a system to predict the radiation dose
accumulated in the satellite based on the degradation of the
onboard semiconductor devices.

In this study, the accuracy of the ground TID test was
verified by analyzing data obtained from the TMCR mission
on board the microsatellite BIRDS4.

Translated with www.DeepL.com/Translator (free

version)

TMCR mission board

Fig.2-1

The TMCR mission performed in BIRDS4 was equipped
with one IRF620 device, which is easily degraded by
radiation, and two IRLML6402 devices, which are not easily
degraded by radiation, as shown in Figure 2-2. IRLML6402
and IRLML6402 are distinguished as IRLML6402(1) and
IRLML6402(2), respectively. are distinguished from the

following.
IRF620 TRLML6402
‘!!\:\ ‘
N-CH MOSFET P-CH MOSFET
Equipped with 1 Equipped with 2
Radiation tolerance Low Radiation tolerance High

Fig.2-2 Semiconductor devices on board the TMCR
mission in BIRDS4

3. Ground TID testing vs. On-orbit testing

The ground TID test was conducted at the Isotope
Research Center of the National Institute of Advanced
Industrial Science and Technology using cesium-137 as the
radiation source. The dose rate was 36 Gy/h (as of December
2022).
IRLML 6402.

Similarly, Figures 3-2 and 3-3 show the results for
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Fig.3-1 Comparison of on-orbit TID test results with
IRF620 ground TID test results
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Fig.3-2 Comparison of IRLML 6402(1) ground TID test

results with on-orbit TID test results
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Fig.3-3 Comparison of IRLML 6402(2) ground TID test
results with on-orbit TID test results

4. consideration

From Chapter 3, similar results were obtained for
IRLML6402 both on the ground and in orbit, but different
results were obtained for IRF620. This is due to the
difference in the current value before irradiation of the
device and the difference in the test conditions on the ground
and in orbit. Figure 4-1 shows the results of the ground TID

test simulating the on-orbit TID test conditions.

—=8— Not applied to Gate (initial current value 9.1)
——0C— ON Orbit Test IRF620
0 5 10 15 20
10.5 T T ]
< 0
g i
o 10Ff
2
>
=
E
=
© 95
-8
<
=
A
9 ; T

0 5 10 15 20
Radiation Dose [Gy]

Fig.4-1 Comparison of test results of applying voltage
for 5 seconds every 15 minutes and on-orbit TID test
results

In orbit, the device was applied only for the time specified
by the command, while on the ground it was applied
constantly. The drain current values before irradiation were
also selected to be as close as possible to those of the devices
tested in orbit. The comparison is made in terms of the
degradation trend, i.e., the slope of the changing current
values. The red line shows the current values before
irradiation in the ground TID test moved parallel to the slope
of degradation to match the device tested on orbit. The red
line then fits the ground TID test results within the standard
deviation of the on-orbit TID test results, and it can be
assumed that the difference in degradation between ground
and on-orbit is due to differences in test conditions.

5. conclusion

The accuracy of the ground TID test was verified by
comparing the on-orbit TID test results with the ground TID
test results, but the ground TID test could not be considered
accurate because it showed different test results on the
ground and in orbit. However, we were able to hypothesize
the cause of the difference between the ground and on-orbit
test results.

6. future tasks

We believe that the accuracy of the TID test on the ground
can be verified by modifying it based on the causes assumed
in the discussion in Chapter 4 and conducting a TMCR

mission with a new satellite.
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