IEC/TS 62396-1 Ed. 1.0 - Preview only Copy via ILNAS e-Shop

TECHNICAL IEC
SPECIFICATION TS 62396-1

First edition
2006-03

Part 1:
Accommodatio
via single :
equipment

Reference number
IEC/TS 62396-1:2006(E)




IEC/TS 62396-1 Ed. 1.0 - Preview only Copy via ILNAS e-Shop

Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the
base publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications

thus ensuring that the content reflects current technology. Informatic
this publication, including its validity, is available in the IE
publications (see below) in addition to new editions, amendments
Information on the subjects under consideration and work in
by the technical committee which has prepared this publicati
of publications issued, is also available from the following;

. IEC Web Site (www.iec.ch)

e Catalogue of IEC publications

The on-line catalogue on the IEC web Slt

2iec.ch/online_news/ justpub)
e\Zustomer Service Centre (see

ThIS summary of recently issued(publicatidns
. RPlease coytact


http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/ justpub
mailto:custserv@iec.ch

IEC/TS 62396-1 Ed. 1.0 - Preview only Copy via ILNAS e-Shop

TECHNICAL IEC
SPECIFICATION TS 62396-1

First edition
2006-03

Part 1:
Accommodatio
via singl
equipment

jc radiation effects
avionics electronic

© IEC 2006 — Copyright - all rights reserved

No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the publisher.

International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 22 919 02 11 Telefax: +41 22 919 03 00 E-mail: inmail@iec.ch Web: www.iec.ch

Commission Electrotechnique Internationale PRICE CODE XA

International Electrotechnical Commission

MexayHaponHas OnekTpoTexHuyeckas Komuceus For price, see current catalogue




IEC/TS 62396-1 Ed. 1.0 - Preview only Copy via ILNAS e-Shop

-2- TS 62396-1 © IEC:2006(E)

CONTENTS

FOREWORD ... et e e e e e e e e e 4
INTRODUGTION . ..ot e e et e e e et e e e e e e e e e e e ennes 6

SCOPE aNd OB C .. e 7
NOIMAtIVE TEFEIENCES ...uiiiii et et e e e e e anns 7
Terms and definitioNs ... e 7
Abbreviations used in the document ... ...

a b~ W N -

Radiation environment of the atmosphere.............coooiiiiii O G

5.1 Radiation generation .........c.cooooiiiiiiiiiii e e T e N e
5.2 Effect of secondary particles on avionics
5.3  AtMOSPheriC NEULIONS......coiiiiii e e N e N e D N
5.4  Secondary Protons ......coviiiiiiiiiiiiee e e D N N e e een
5.5 Other particles......coooiiiiiiiiiii e NN N e e\ e e e e eneees
5.6 Solar enhancements...........coooiiiiiiiii i TG NG N

6 Effects of atmospheric radiation on avionics

6.1 Types of radiation effects

6.2 Single event effects........... L.\

6.3 Total lonising Dose (TID)

6.4 Displacement damage.......... ... .08
7 Guidance for system designs........\......

7.1 Overview........ ... e /N
7.2 System desig
7.3 Hardware co

7.4 Parts@ e
8 Determinatio ;
8.1

8.2
8.3

ith higher event rates - Single event upset data................... 36

8.4 (1 JE= 1Y 10 1o S 42
9 Consi COMPIIANCE ... 42
1S B B O] 41 [ = o 42
9.2 he'radiation environment for the avionics application ..................... 42
9.3 Identify system development assurance level ............ccooooiiiiiiiii 42
9.4 Assess preliminary electronic equipment design for SEE...........ccooooiiiiiiiiinin, 43

9.5 Verify that the system development assurance level requirements are met for
S E et et 43
9.6 COrTeCHiVE @CHIONS .uiiiiii e e 43
Annex A (informative) Thermal neutron assessment ... 44
Annex B (informative) Methods of calculating SEE rates in avionics electronics................... 45
Annex C (informative) Review of test facility availability...............coo 50

Annex D (informative) Tabular description of variation of atmospheric neutron flux
with altitude and [atitude ... ... 54



IEC/TS 62396-1 Ed. 1.0 - Preview only Copy via ILNAS e-Shop

TS 62396-1 © IEC:2006(E) -3-

Figure 1 — Energy Spectrum of Atmospheric Neutrons at 40 000 Feet (12 160 m),

[AEIEUAE 45 EGIEES i 17
Figure 2 — Variation of the Atmospheric Neutron Flux with Altitude (see Annex D) ................ 18
Figure 3 — Distribution of vertical rigidity cut offs around the world...................c.coiinis 19
Figure 4 — Variation of the 1 to 10 MeV atmospheric neutron flux with latitude ...................... 20
Figure 5 — Energy Spectrum of Protons within the Atmosphere ..............coiiiis 21
Figure 6 — System Safety Assessment ProCess ........ooveiiiiiiiiiiiii e 28
Figure 7 — SEE in relation to System and LRU effect. ..o 30
Figure 8 — Variation of RAM SEU cross section as function of neutron/proton energy ........... 38

Table B.2 — Some Models for the Use of Heavy lon S 3 3
SEE Data. .o e e NG DR e e e e

Table D.1 — Variation of 1 to 10 MeV neutron flu
Table D.2 — Variation of 1 to 10 MeV




IEC/TS 62396-1 Ed. 1.0 - Preview only Copy via ILNAS e-Shop

—4 - TS 62396-1 © IEC:2006(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROCESS MANAGEMENT FOR AVIONICS -
ATMOSPHERIC RADIATION EFFECTS -

Part 1: Accommodation of atmospheric radiation effects via
single event effects within avionics electronic equipment

FOREWORD
1) The International Electrotechnical Commission (IEC) is a worldwide organization f ardizatioq comprising
all national electrotechnical committees (IEC National Committees). The g is te promote

international co-operation on all questions concerning standardization in the e elds. To
this end and in addition to other activities, IEC publishes International g ications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e e i to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a i | Commijttee interested
in the subject dealt with may participate in this preparatory work. governmental and non-
governmental organizations liaising with the IEC also part|0|pate imthi ) ioR, IEC¢ollaborates closely
with the International Organization for Standardization (ISO)AT with congditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matflers éxp ¥ &S possible, an international
consensus of opinion on the relevant subjects since e ittee has representation from all
interested IEC National Committees

3) IEC Publications have the form of recom i infernational use/and are accepted by IEC National
Committees in that sense. While all reasonable effqrt o.ensdre that the technical content of IEC
Publications is accurate, IEC cannot be hefd™resporsible fonthe way in which they are used or for any
misinterpretation by any end user.

4) In order to promote internatiopal uniformit ti Mmittees undertake to apply IEC Publications
transparently to the maxi it onal and regional publications. Any divergence
between any IEC Publication ending nationalor regional publication shall be clearly indicated in
the latter.

5) IEC provides i g indt s approval and cannot be rendered responsible for any
equipment declaré j s icati

6) All users should en

7) No liability shall attg E i i g, employees, servants or agents including individual experts and
members of its te \ nittes C National Committees for any personal injury, property damage or
other damage_of \any \paty whether direct or indirect, or for costs (including legal fees) and
expenses arising_oyt O ®_pubhcation, use of, or reliance upon, this IEC Publication or any other IEC
Publication

8) Atten ion s dra grmative references cited in this publication. Use of the referenced publications is

e possibility that some of the elements of this IEC Publication may be the subject of
not be held responsible for identifying any or all such patent rights.

9) Attention is tdrawn to
patent rights. IEG<ghall

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

* the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

* The subject is still under technical development or where, for any other reason, there is
the future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62396-1, which is a technical specification, has been prepared by IEC technical
committee 107: Process management for avionics.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
107/41/DTS 107/46/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 62396, as currently conceived, consists of the following parts, under the general title

Process management for avionics — Atmospheric radiation effects:

Part 1: Accommodation of atmospheric radiation effects via si 5. within

avionics electronic equipment
Part 2: Guidelines for single event effects testing for avionics §ystemsi
Part 3: Guidelines to optimize avionics system design to

Part 4: Guidelines for designing with high voltage ahtraft e onics and potential single
event effects’

Part 5: Guidelines for assessing thermal neutrop

* reconfirmed;

e withdrawn;

* replaced by a revi
*+ amended.

A bilingual version g a¥ be issued at a later date.

1 Under consideration.
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INTRODUCTION

This industry-wide technical specification informs avionics systems designers, electronic
equipment, component manufacturers and their customers of the kind of ionising radiation
environment that their devices will be subjected to in aircraft, the potential effects this
radiation environment can have on those devices, and some general approaches for dealing
with these effects.

The same atmospheric radiation (neutrons) that is responsible for the radiation exposure that
crew and passengers acquire while flying is also responsible for causing the Single Event
Effects (SEE) in the avionics electronic equipment. There has been much work carried out
over the last few years related to the radiation exposure of aircraft passengers and crew.
A standardised industry approach on the effect of the atmospheric neu electronics
ated to the

aridard JESD89, which
ound level (at altitudes less
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