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European foreword

The text of document 47/2539/FDIS, future edition 2 of IEC 60749-18, prepared by IEC/TC 47
"Semiconductor devices" was submitted to the IEC-CENELEC parallel vote and approved by
CENELEC as EN IEC 60749-18:2019.

The following dates are fixed:

+ latest date by which the document has to be implemented at national (dop) 2020-02-15
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2022-05-15
document have to be withdrawn

This document supersedes EN 60749-18:2003.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Endorsement notice

The text of the International Standard IEC 60749-18:2019 was approved by CENELEC as a European
Standard without any modification.



IEC 60749-18

Edition 2.0 2019-04

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Semiconductor dévices - Mechanicaland climatic'test methods —
Part 18: lonizing radiation (total dose)

Dispositifs a semiconducteurs — Méthodes d’essais mécaniques et climatiques —
Partie 18: Rayonnements ionisants (dose totale)

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 31.080.01 ISBN 978-2-8322-6755-4

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



-2- IEC 60749-18:2019 © |IEC 2019

CONTENTS

FOREWORD ...ttt e e e et e e e e et e e e e et e e e et e e e et e e e e e e e e eanaeenns 4
1 1T o 1= S 6
2 NOIMALIVE TEIEIENCES ..ottt e e e e et et et e et et eea s 6
3 Terms and definitioNs ... 6
O Y] A= T o o = =) {1 - S 8
4.1 Choice Of @pParatus ... .ceie e 8
4.2 Radiation SOUINCE . e 8
4.3 DOSIM Y SY S M o 8
4.4 Electrical test instruments ... ... 8
4.5 =T el o T o T X1 o =) PP 8
4.6 L0221 o] 11 oV PSPPSR 9
4.7 Interconnect or switching System ... ... 9
4.8 Environmental chamber ... 9
4.9 Irradiation temperature chamber ... 9

D PTOCEAUIE ... e 9
5.1 =15 S o - T O 9
5.2 Sample selectiongand handliNg s a5 Frve o 5 8 7 F T Te Te e eneeneeneeneesaesnenneeneenns 9
5.3 B U N . 10
5.4 Dosimetry measurements L 1 £ o S L L 10
5.5 Lead/aluminium (Pb/AI) container ... ..o 10
5.6 Radiation level(s)........... 5 S L RN TECO0TALE20L0 o 10
5.7 Radiation'dose rate /L i e O A 10
5.7.1 Radiation dose rate determination ... ... .. 10
5.7.2 CONAItiON A s 11
5.7.3 CONAItioN B e 11
5.7.4 COoNItION € oo 11
5.7.5 CoNAItioON D Lo e 11
5.7.6 CONAItiON B e 11

5.8 Temperature FeqQUINEMENTS ... . e e e e e 11
5.8.1 Room temperature radiation ........ ..o 11
5.8.2 Elevated temperature irradiation ... 11
5.8.3 Cryogenic temperature irradiation ... 12

5.9 Electrical performance measurements ...... ... 12
5,10 Test CONAITIONS .euiii e e 12
5.10.1 Choice of test CoNditioNS. ... 12
5.10.2 IN-FIUX 1ES NG e 12
5.10.3 RemMOte teStiNG .ot 12
5.10.4 Bias and loading conditions .........couiiniiiiii 13
5.11  Post-irradiation proCeauUIe... ... 13
5.12 Extended room temperature annealing test ..o 14
5.12.1 Choice of annealing test .......iiniiii i 14
5.12.2 Need to perform an extended room temperature annealing test..................... 14
5.12.3 Extended room temperature annealing test procedure ...............coooeiiiiiin.. 14
5.13 MOS accelerated annealing test . ... 15

5.13.1 Choice of MOS accelerated annealing test ..........ooooiiiiiii, 15



IEC 60749-18:2019 © |IEC 2019 -3-

5.13.2 Need to perform accelerated annealing test............ccooiiiiiiiiiii e,
5.13.3 Accelerated annealing test procedure .........coooiiiiiiiiiiii
5.14  Test procedure for bipolar and BiCMOS linear or mixed signal devices with
intended application dose rates less than 0,5 Gy(Si)/s .....ccviiiiiiiiiiiiii,
5.14.1 Need to perform ELDRS teSting......coovviiiiiiiii e,
5.14.2 Determination of whether a part exhibits ELDRS...........oo s
5.14.3 Characterization of ELDRS parts to determine the irradiation conditions
for production or lot acceptance testing ..........cooeiiiiiiiiii
5.14.4 Low dose rate or elevated temperature irradiation test for bipolar or
BiCMOS linear or mixed-signal deviCes ..........cccoeiiiiiiiiiiiiie e
o I T I =3 1 Y o Yo (P
IS 0 4 10 0 = Y2 PP
(27 o] [T To | £=T o1 0V PP PPRPPRN

Figure 1 — Flow diagram for ionizing radiation test procedure for MOS and digital
o7 T oo} = al'e 1= 17T PP

Figure 2 — Flow diagram for ionizing radiation test procedure for bipolar (or BiICMOS)
linear or MiXed-SigNal AEVICES .. ... i e



1

2)

3)

4)

5)

6)

7)

8)

9)

-4 - IEC 60749-18:2019 © |IEC 2019

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 18: lonizing radiation (total dose)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have jthe'form of fecommendations forlinternational' useand‘are’ accepted by IEC National
Committees in that sense. While 'all reasonable’efforts*are made ‘to-ensure‘that the technical content of IEC
Publications is accurate, IEC cannot be held responsible, for, the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible (in their national, and regional publications. Any divergence
between any IEC Publication and the corresponding national or-regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

International Standard IEC 60749-18 has been prepared by IEC technical committee 47:
Semiconductor devices.

This second edition cancels and replaces the first edition published in 2002. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) updates to subclauses to better align the test method with MIL-STD 883J, method 1019,

including the use of enhanced low dose rate sensitivity (ELDRS) testing;

b) addition of a Bibliography, which includes ASTM standards relevant to this test method.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
47/2539/FDIS 47/2554/RVD

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

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

A list of all parts in the IEC 60749 series, published under the general titte Semiconductor
devices — Mechanical and climatic test methods, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 18: lonizing radiation (total dose)

1 Scope

This part of IEC 60749 provides a test procedure for defining requirements for testing
packaged semiconductor integrated circuits and discrete semiconductor devices for ionizing
radiation (total dose) effects from a cobalt-60 (60Co) gamma ray source. Other suitable
radiation sources can be used.

There are four tests presented in this procedure:

a) a standard room temperature irradiation test;
b) an irradiation at elevated temperature/cryogenic temperature test;
c) an accelerated annealing test;

d) an enhanced low dose rate sensitivity (ELDRS) test.

The accelerated annealing testwestimates how dose rate.donizing radiation effects on devices
is important for low dose rate or certain other applications in which devices can exhibit
significant time-dependent effects! The ELDRS dest determines if devices with bipolar linear
components exhibit sensitivity to enhanced radiation-induced damage at low dose rates.

This document addresses only.steady-state irradiations, and s not-applicable to pulse type
irradiations.

It is intended for military- and aerospace-related applications.

This document can produce severe degradation of the electrical properties of irradiated
devices and thus is considered a destructive test.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
3.1
ionizing radiation effects, pl

changes in the electrical parameters of a device or integrated circuit resulting from radiation-
induced charge

Note 1 to entry: These are also referred to as total dose effects.
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3.2
in-flux test
electrical measurements made on devices during irradiation exposure

3.3
internal dose pattern
logic condition of all elements within a logic circuit during radiation exposure

3.4
non in-flux test
electrical measurements made on devices at any time other than during irradiation

3.5

remote test

electrical measurements made on devices that are physically removed from the radiation
location

3.6

time-dependent effect

TDE

significant degradation in electrical parameters caused by the growth or annealing, or both, of
radiation-induced trapped charge after irradiation

Note 1 to entry: Similar effects also take place during irradiation.

Note 2 to entry: This note applies to the French language only.

3.7
accelerated annealing test
procedure utilizing elevated temperature-to'accelerate time-dependent effects

3.8

enhanced low dose rate sensitivity

ELDRS

part that shows enhanced radiation-induced damage at dose rates below 0,5 Gy(Si)/s

Note 1 to entry: This note applies to the French language only.

3.9

overtest

factor that is applied to the specification dose to determine the test dose level that the
samples have to pass to be acceptable at the specification level

Note 1 to entry: An overtest factor of 1,5 means that the parts should be tested at 1,5 times the specification dose.

3.10

parameter delta design margin

PDDM

design margin that is applied to the radiation-induced change in an electrical parameter

Note 1 to entry: For a PDDM of 2 the change in a parameter at a specified dose from the pre-irradiation value is
multiplied by two and added to the pre-irradiation value to see if the sample exceeds the post-irradiation parameter
limit. For example, if the pre-irradiation value of base current /, is 30 nA and the post-irradiation value at 200 Gy(Si)
is 70 nA (change in I, is 40 nA), then for a PDDM of 2 the post-irradiation value would be 110 nA
(30 nA + 2 x 40 nA). If the allowable post-irradiation limit is 100 nA, the part would fail.
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