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Introduction

Single-Event Upset (SEU)

- One of the radiation effects caused in
microelectronic devices
(e.g., semiconductor memory devices)
used in various cosmic-ray environments

- When a memory device is exposed to
radiations, the memory state of a cell
can be flipped from a 1to a O or vice
versa, resulting in malfunction caused by
an error in a bit.

1 IMRS Bulletir, Vol.28(ING)2

-  “Transient" effect caused by a single ionizing particle

> Soft Error or Soft Failure

The SEUs (Soft errors) have recently been recognized as a key
reliability concern for many current and future silicon-based integrated
circuit technologies.




Physics related for SEU phenomena
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Cosmic-ray environment
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Nuclear processes relevant to SEUs

- Production of secondary charged particles and fragments via
nuclear reactions with a silicon nucleus

- Data of their energy and angular distributions are necessary in
the incident energy range up to several GeV.
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Semi-empirical model

This model calculates nucleon-induced SEU cross section using
experimental heavy-ion induced SEU data.

= i Barak et al., IEEE NS Vol. 43, No. 3, pp. 979-984 (1996).
Barak, IEEE NS Vol. 47, No. 3, pp. 545-550 (2000).
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Monte Carlo calculation
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Nuclear reaction database (l): Elastic and Reaction products

JENDL/HE-2004:

Y. Watanabe et al., AIP Conference Proc. 764 (2005), pp. 326
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Nuclear reaction database (ll): Light ions
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Comparison with experimental data (1)
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Comparison with experimental data (I1)

Sensitive depth =2 1m Exp.) P. Calvel et al., IEEE NS 43, No.6 (1996) 2827.
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Contribution from each secondary ion to SEU (lI1)
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- The calculated SEU cross section reproduces the experimental data reasonably well.

- Heavy secondary ions with high LET (Si, Al, Mg) contributes mainly to SEU at low
energies, while relative contribution from light ions with low LET (C, N, O) becomes
large as the incident energy increases.



Summary

@ Role of nuclear physics to understand nucleon-
Induced single-event upset (SEU) phenomena
and to estimate SEU cross sections

@ Calculation of SEU cross sections using the semi-
empirical model based on the sensitive volume
concept

@ Impact of nuclear data on SEU simulation:
ncident energy dependence of secondary ions
eading to SEU




Future requirement for nuclear data

@ More measurements of DDXs of secondary ions over the
wide mass range are required for testing the predictions of
reaction models and their refinement. (Target: Si and O)

H. Machner et al., PRC 73, 044606 (2006): He, Li, Be, B from 200 MeV p+Al
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@ Further refinement of the models is necessary to provide
reliable nuclear reaction data



Thank you for your attention.
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