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SUMMARY OF THE PROPOSAL

Recently, the cosmic-ray muon induced soft error has received much attention because
a reduction in resilience to soft errors has become evident with a decrease in critical
charge due to the device miniaturization and low voltage operation of VLSI chips.
Our research group has conducted a series of irradiation experiments at MUSE in
J-PARC and MuSIC in RCNP to clarify the difference in single event upsets (SEUs)
induced by positive and negative muons. Our results show that the negative muon SEU
cross section is much larger than the positive muon one. We have revealed that that
muon capture reaction, which is unique to the negative muon, causes SEUs, especially
multiple cell upsets (MCUs) since the secondary ions generated by the muon capture
process have linear energy transfer (LET) large enough to cause SEU and MCU.
Conventionally, we performed a static test, i.e., memory chips are irradiated for several
minutes after writing the data, and the error patterns are read after the irradiation.
We can count the number of bit flips, but we cannot know what exactly happens in
each event; which triggers bit upsets, direct ionization or muon capture reaction, how
the secondary ions travel, and how many bit flips are caused by a single event.

To observe what is happening for each muon incident, we designed a special chip
that can quickly check the error patterns. We construct a measurement system using
this chip and pixel silicon detectors located in front of the chip. The pixel silicon
detectors provide the information on when and where each muon passes, which will be
associated with the errors observed inside the chip. SEUs caused by direct ionization
arise immediately after the muon incident, whereas SEUs caused by muon capture
reaction arise after a particular duration stochastically determined by a probability
density function. Also, all bit flips caused by a single event can be regarded as a true
MCU, whereas, so far, only bit flips adjacent to each other are regarded as an MCU.
This experiment needs a DC muon beam since we need to know when and where each
muon passes and associate that information with error patterns.

The result of this experiment is helpful to establish a simulation framework. The

simulation-measurement correlation can be verified with the obtained result.





