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Radiation tolerance reinforcement of electronic components
mounted on robots that operate in nuclear reactors
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Abstract

The radiation tolerance of a microcontroller (Raspberry Pi) required for the development of a decommissioning robots
was investigated. We found that 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. In particular, the
flash memory with higher integration had lower radiation tolerance. Investigation of the process by which flash memory
becomes inoperable revealed that internal memory information is rewritten due to irradiation, and that this is the limiting

factor in the memory lifetime.
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Table. 1 Performance of Raspberry Pi.

Model Raspberry Pi 3 B+
Released year 2018

CPU BCM2837
Clock 1.2 GHz
RAM 1GB
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Table. 2 Flash memories used experiment.

Micro SD Capacities/type | Micro SD Capacities/type
SD1 16GB/SLC SD5 16GB/USB2.0
SD2 16GB/pSLC SD5 64GB/MLC
SD3 16GB/MLC SDé6 64GB/TLC
SD4 16GB/MLC

pSLC is a flash memory with MLC structure used as SLC mode.
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Table. 3 Flash memories operation after y-ray irradiation.

y-ray dose [kGyl
Devices
0.24 030 | 048 | 060 | 0.72 | 105
SD1 o - o - o
SD2 o - o - X
SD3 o - o - X
SD4 o - X - X
SD5 o - X - X
SDé6 o - X - X
SD7 X - X - X

The symbol “x” is do not worked, and “o” is worked after y-ray
irradiation, and “” is do not irradiate y-ray.
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Fig. 1. Operating rate of the flash memories after the y-
ray irradiation.
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Fig. 2 Sequential write speed of micro SD cards before
and after the y-ray irradiation.
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