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Radiation tolerance enhancement of Electronic Components in Decommissioning Robots
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Abstract

The radiation tolerance of a microcontroller (Raspberry Pi) required for the development of decommissioning robots
was investigated. The flash memory needed to boot the microcontroller had particularly low-radiation tolerance,
significantly reducing the operation duration of the microcontroller in a radiation environment. We found that certain high-
performance flash memories have high radiation tolerance. Investigation of the process by which flash memory becomes
inoperable revealed that internal memory information is rewritten owing to irradiation, leading to limited lifetime for

memory.
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Table 1.  Variation of microSD card.

ERRNTDRR A—hH— FT A
microSD_A SanDisk 2014/2%55
microSD_B GREEN HOUSE 2014/11 k48
microSD_C GREEN HOUSE 2012/4F 48
microSD_D BUFFALO 2013/5 %)
microSD_E BUFFALO 2015/7%48)
microSD_F HIDISC 2016/10/31
microSD_G ELECOM 2017/6 748
microSD_H *FoTT 2015/12/12
microSD_| SUPER TALENT 2014/6/5
microSD_J Transcend 2018/4%5¢
microSD_K  |ZF7 I A XFT 47| 2012/5%%
microSD_L PRINCETON 2018/4/5

Table 2. Raspberry Pi specification.

T Raspberry Pi 4 Model B
F5EH 2019/6/24
CPU Broadcom BCM2711
A= 1.5GHz
RAM 8GB
HEBR 1.7A
EMEE DC 5V
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Table 3. Availability of microSD cards after
gamma-ray irradiation.
gamma-ray dose[kGy]
0.2 0.4 0.7 1
microSD_A x X X x x
microSD B VAN A A X X
microSD_C AN A X X X
microSD_D X X X x x
microSD_E O A X X x
microSD_F X X X X X
microSD_G (@) X X X X
microSD H O A AN A JaN
microSD_| x X X X X
microSD J x x X X X
microSD_K O X X A X
microSD_L Q X JAN VAN X
10°
gp—— 100
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Figure 1.  I/O speed of microSD cards before
gamma-ray irradiation and damage coefficient after
irradiation.
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Figure 2.  Files of USB memory before/after the

y-ray irradiation.
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