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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROCESS MANAGEMENT FOR AVIONICS -
ATMOSPHERIC RADIATION EFFECTS -

Part 5: Guidelines for assessing thermal neutron fluxes
and effects in avionics systems

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organizatio atlo comprising
all national electrotechnical committees (IEC National Committees). The{ obje promote
international co-operation on all questions concerning standardization in th ields. To
this end and in addition to other activities, ) , pécifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (he d to as “IEC
Publication(s)”). Their preparation is entrusted to technical committe ittee interested
in the subject dealt with may participate in this preparatory wo K. ernmental and non-
governmental organizations liaising with the IEC also participg " collaborates closely
with the International Organization for Standardization (IS@ conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical sm3 c , as\pearly as possible, an international
consensus of opinion on the relevant subje ince i ommitjee has representation from all
interested IEC National Committees.

IEC Publications have the form of recomm and are accepted by IEC National
Committees in that sense. While all reasonabte effo 3 asure that the technical content of IEC
Publications is accurate, IEC cannot be sibhe he way in which they are used or for any
misinterpretation by any end user.

In order to promote international un ommittees undertake to apply IEC Publications
transparently to the maxi atijonal and regional publications. Any divergence
between any IEC Publication and t g national or regional publication shall be clearly indicated in

the latter.

IEC provides no markiqg proced indie
equipment decl i i i Zublication.
All users should engtdret a latest edition of this publication.

employees, servants or agents including individual experts and
C National Committees for any personal injury, property damage or
whether dlrect or indirect, or for costs (mcludmg legal fees) and

ive references cited in this publication. Use of the referenced publications is
pplication of this publication.

A PAS is a technical specification not fulfilling the requirements for a standard but made
available to the public.

IEC-PAS 62396-5 has been processed by IEC technical committee 107: Process management

for avionics.
The text of this PAS is based on the This PAS was approved for publication
following document: by the P-members of the committee
concerned as indicated in the following
document:
Draft PAS Report on voting
107/58/NP 107/70/RVN

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard.
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This PAS shall remain valid for an initial maximum period of three years starting from 2007-09.
The validity may be extended for a single three-year period, following which it shall be revised
to become another type of normative document or shall be withdrawn

IEC/PAS 62396 consists of the following parts, under the general title Process management
for avionics — Atmospheric radiation effects:

e Part 2: Guidelines for single event effects testing for avionics systems

e Part 3: Optimising system design to accommodate the Single Event Effects (SEE) of
atmospheric radiation

Q

e Part 4: Guidelines for designing with high voltage aircraft ele nd potential

single event effects

\

e Part 5: Guidelines for assessing thermal neutron flukxes avionics

O
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PROCESS MANAGEMENT FOR AVIONICS -
ATMOSPHERIC RADIATION EFFECTS -

Part 5: Guidelines for assessing thermal neutron fluxes
and effects in avionics systems

1 General

The purpose of this PAS is to provide a more precise definition of the threat that thermal
neutrons pose to avionics as a second mechanism for inducing single event upset (SEU) in
microelectronics. There are two main points that will be addressed in this PAS: 1) a detailed
evaluation of the existing literature on measurements of the thermal flux inside of airliners and
2) an enhanced compilation of the thermal neutron SEU cross section.ip currently available

different sets of data will be two ratios that we conS|der to be very |
ultimate objective of how large a threat is the SEU rate from ther S
the SEU threat from the high energy neutrons (E >10 MeV). * igh energy
neutrons has been dealt with extensively in the literature ey sed by two

neutron flux inside an airliner relative to the flu
the airliner and 2) the ratio of the SEU

The process for cula
set of equations; 0

SEU Rate
(Hi E, Upset/dev-h)

= 6000 n/cm2hr) x o(Hi E, SEU X-Sctn. cm?/dev) (1)

SEU Raté&
(thermal neutxQ
Upset/dev-h)

Piherm (neutron flux) o(therm SEU X-Sctn.)

U Rate (Hi E) x -
®y;(neutron flux) o(Hi E SEU X-Sctn.)

Ratio-1 _ Dyermar (neutron flux) (3)

@y, (neutron flux)

Ratio-2 o(therm SEU Cross Section)
o(Hi E SEU Cross Section)

1 Numbers in square brackets refer to the bibliography.
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SEU Rate SEU Rate (Hi E neutron Upset/dev-h) x Ratio-1 x Ratio-2 (5)
(thermal neutron,
Upset/dev-h)

The objective of this PAS is to provide values of Ratio-1, the ratio of the thermal to high
energy neutron flux within an airplane, and of Ratio-2, the ratio of the SEU cross section due
to thermal neutrons relative to that due to high energy neutrons. We believe that Ratio-1
should be relatively similar in various types of commercial airliners, but it could vary
significantly in other types of aircraft, such as military fighters. However, in the larger type of
military aircraft, such as AWACS (Advanced Warning and Command System, E-3, which is
based on either a Boeing 707-320-B or 767) and JSTARS (Joint Surveillance Target Attack
Radar System, E-8C, which is based on Boeing 707-300 airframe), the ratio should be very
similar to that in airliners.

Thermal neutrons have been given thi e b use whité most neutrons start out with
much higher energies, after a sufficienf nu Of C¢ ans with the surrounding medium, the

neutron velocity is reduced such that s h ly the same average kinetic energy
as the molecules of the g energy depends on the temperature of the
medium, so it is call thefmal neutrons are therefore in thermal
equilibrium with the malecule dium in which they are present

In a medium th@ probabiity of absorbing, rather than scattering, neutrons,
the kinetic energ { ak_newtrons is distributed statistically according to the

Maxwell-Boltzmanp\[s S d on this Maxwell-Boltzmann distribution, the neutron

kinetic energy th onds\o the most probable velocity is kT, where T is the absolute
temperature ¢ For a temperature of 20 °C, room temperature
this is 0, 025 eV on a highly idealized model of elastic collisions between two
kinds of nd neutrons, within a gaseous medium, and so there are departures
from it in

Therefore, even though a neutron energy of 0,025 eV is officially taken to be the true
definition of thermal neutrons, for purposes of this PAS, we will consider neutrons with
energies < 1 eV to be thermal neutrons. Additional details on this are found in 3.2.

2.2 Overview

In a modern airliner, we know that the thermal neutron flux inside the aircraft should be higher
than the thermal neutrons outside of the airplane because of the presence of all of the
hydrogenous materials within it (fuel, plastic structures, baggage, people, etc.). The
hydrogenous materials “slow down” the high energy neutrons through nuclear collisions,
primarily with the hydrogen atoms. After a large number of such interactions, the high energy
neutrons (energy > 10 MeV) have had their energy reduced by about seven orders of
magnitude. For practical purposes, we consider neutrons with E < 1 eV as thermal neutrons.
However, the more accurate definition of thermal neutrons are neutrons with energies close to
0,025 eV (equivalent to those at room temperature, hence the term “thermal”). Thus, we
expect, and have seen it verified by measurements, that the high energy neutrons inside an
airliner and outside it within the atmosphere would be very similar. However, for thermal
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neutrons, this is not true. The presence of the airplane structure and its contents produces far
more thermal neutrons inside the aircraft than are present in the atmosphere just outside the
airplane.

2.3 Background on aircraft measurements

The thermal neutron flux inside an airliner is a rather elusive quantity that has not been
measured very often despite the fact that hundreds and in fact thousands of ionizing radiation
measurements have been and are currently been made inside of aircraft. Firstly, most of the
thousands of measurements are of the dose equivalent that passengers and crew accumulate
during flight. Although it varies depending on the location of the flight path, in general, the
dose equivalent is approximately (50 to 60) % from the neutrons, about (25 to 35) % from
electrons and the remainder from other charged particles, mainly protons(t0-20) %, gamma
rays (<10 %) and muons (<10 %) [3]. Most of these kinds of instr easure the
combined dose rate from all of the charged particles present in the atm

detectors that were optlmlzed to measure mainly neutron gy \tange”of (1 to 10)
MeV. This data was used to develop the simplified Boeind [4]\bs the variation of
the (1 to 10) MeV neutron flux with altitude and latityde: 2 Origh iation was not with

latitude but rather as a function of the vertical rig eter indicating how
effective the earth’s magnetic field is at any location i @ ' fimary cosmic rays to
reach the atmosphere. The vertical rigidity cutoff vari i latitude, but there is also

a variation due to longitude. Similarly YaR T dre elaborate model [5] that
was also based on the (1 to 10) MeV \

Since that time there have been more (recent fligh
instruments that respond to\the entire eu
of Bonner spheres, a sé&t of\i ents
polyethylene, is used to , \gh~enaergy neutrons which constitute most of the

neutrons, throug e hydrogen within it. The larger the sphere of
surrounding pol

rements made with neutron-specific
~ These have been primarily a series
ector that measures thermal neutrons

Two su ments have been made, one by a NASA-Ames group [6], and the
other by 3 oup [7], and these are used in this evaluation. In addition, the most
highly regarded set\ of” such measurements [8] were made by P. Goldhagen of the

Environmental asyrements Laboratory (formerly part of DOE, now a part of the Homeland
Security Administration). Unfortunately, Goldhagen’s measurements were made in an ER-2
aircraft.

The ER-2 is drastically different from a modern airliner. Exacerbating the situation even more,
the detector that Goldhagen relied upon for the thermal neutron measurement was located in
the very tip of the nose of the ER-2 [9]. For all practical purposes, this detector was located in
a part of the airplane that is almost indistinguishable from the atmosphere outside of the
airplane. Thus, the thermal neutron flux measured by Goldhagen in the ER-2 is too low
compared to what we expect within a large airliner. In this case, we are mainly interested in
Ratio-1, i.e., the ratio between the thermal neutron flux and the high energy (E > 10 MeV)
neutron flux.

A more recent paper by a group at EADS [10] that used a simpler detector system, again
Bonner spheres, but specifically designed to be used in an airliner was examined.
Unfortunately, the high energy neutron fluxes from this paper are considered to be far too low
to be realistic. Thus, we do not believe that the data collected by this detector system and
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contained in [10] can be considered to be accurate enough and consistent enough to be used
for our purposes of obtaining a reliable and representative value for Ratio-1.

2.4 Calculational approach

There is one paper in the literature [11] that represents a very significant step forward. It is
based on applying an elaborate calculational method to a geometry consisting of a large
airliner (a 747) and the atmosphere around it. The gross take-off weight of a large 747 is
close to 1 million pounds (450 000 kg) and the overall internal volume is approximately 30 000
cubic feet (850 cubic metre) (based on the cargo capacity of cargo versions of the 747). The
actual size is therefore enormous (length of aircraft is ~250 ft (~76 m) and wingspan of ~225
ft (~69 m) compared to most structures or vehicles that are modelled for purposes of radiation
transport calculations. Out of necessity, the calculation had to simplify the e geometry by
orders of magnitude in order to be able to develop the model and carry Qut the talculations in
a relatively short time. As a result, the full aircraft is described @s "bging comprised of

p million

thermal neutrons. For the high energy neutrons, it is L formost Tocdtions the neutron
flux should be very similar inside the airplane as it j i irplage, and that is true in
\ , S or'the thermal neutrons,

there are no consistency checks. The thermal ) higher everywhere inside
2 5 av€ no idea of how accurate a

result [11] represents. It may be correct it\a specially for locations where
the electronics are located, a much sm \ educed in overall size but much
more detailed in terms of the internal ¢ and ass distribution that is used, would
be needed to calculate the thermal ne

1. The results from [11] will represent the
easurements will represent a lower bound.

om [12]. A tabulation of the main features concerning where the
nd which aircraft were used is given in Table 1.

Table 1 - ation of the various atmospheric neutron measurements used
Researcher Organization Detector Aircraft Year Altitude, Ft Ref.
Goldhagen EML Bonner sphere ER-2 1997 40 000 (12,2 km) | [8]
Hubert EADS 7-detect A300 2004 34 800 (10,6 km) | [10]
spectrometer

Hewitt NASA-Ames Bonner sphere C-141 1974 40 600 (12,4 km) | [6]
Nakamura Tohoku U. Bonner sphere DC-8 1985 37 000 (11,3 km) | [7]
Armstrong ORNL Calculation Atmosphere 1973 39 000 (11,9 km) | [12]
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