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Preface

In everyday life, we do not recognise the presence of
terrestrial radiation - secondary particles are produced
from cosmic ray and radiation from radioisotopes at ground
level. Terrestrial radiation is so weak (low flux) that they do
not have any visible or recognisable influence on human
tissues, but it does have an impact on LSI (Large Scale
Integration), VLSI (Very large scale integration) and ULSI
(Ultra large scale integration) devices in electronic systems
at ground level.

When I was a fourth grade student of the Kyoto University
in 1974, my major subject matter was the measurement of
lifetime of terrestrial muon. At that time, no one, including
me, knew about or even imagined such impacts from
terrestrial neutrons.

Rapid progress in semiconductor industries has forced us
to be aware of the impacts of terrestrial radiation on
semiconductor devices. First, alpha-ray soft error from
contaminated radioisotopes on/in the DRAM (Direct
Random Access Memory) and SRAM (Static Random
Access Memory) devices. As the readers will see in this
book, terrestrial neutron-induced soft error has been
unacknowledged up until the late 1990s for many reasons.
As device scaling has nosedived into below 100 nm, the
impacts of terrestrial radiation has spread very widely and
deeply. Not only terrestrial neutrons but also other
terrestrial radiative particles such as protons and muons
are recently among the focus of scientific investigations.
Beyond memories, sequential and combinational logic
devices and circuits are also being scrutinised. Concerns
over failures have broadened from servers/routers to the
automobile industry.



It is commonly recognised now that failures in electronic
systems due to faults or errors introduced in
devices/circuits by terrestrial radiation can only be
mitigated by the combination or cooperation of mitigation
techniques in two or more stack layers such as substrate,
cell, circuit, CPU (Central Processing Unit), middleware,
OS (Operating System) and application. This is a very
challenging task that requires a wide variety of scientific
fields like astronomy, cosmic ray physics, nuclear physics,
accelerator physics, semiconductor physics, circuit theory,
computer theory, numerical simulation, EDA (Electric
Design Automation) tools, coding theory, reliability physics,
database handling, and so on.

Meanwhile, this task is fascinating. During my research in
this field, I have learned a number of exciting facts about
the Earth.

We cannot live without air that is only a 50 km thick layer
above the Earth - 1/250 of the diameter of the Earth. An
astronaut has a limit to how long he can stay in the
inner/outer space due to the limit of radiation exposure by
cosmic rays. We, humankind, cannot live on a planet
without air and have been protected from harsh cosmic
radiation in outer space by only this very thin layer of air in
the Earth.

Beautiful aurora australis and borealis are the outcome of
interactions between cosmic rays and the atmosphere.

Carbon-14 that is used for radiocarbon dating is produced
by nuclear reaction of nitrogen-14 and cosmic ray proton in
the atmosphere. Even clouds in the sky have recently been
revealed to be mostly triggered by cosmic rays according to
CERN's team report.

The author hopes that this book will trigger the readers'
interest in the impact of cosmic rays on the Earth and our



everyday lives.

16 April 2014
Eishi H. Ibe
Enjoying scuba diving in Saipan, USA
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