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European foreword

The text of document 40/2969/FDIS, future edition 4 of IEC 60738-1, prepared by IEC/TC 40
"Capacitors and resistors for electronic equipment" was submitted to the IEC-CENELEC parallel vote
and approved by CENELEC as EN IEC 60738-1:2022.

The following dates are fixed:

» latest date by which the document has to be implemented at national (dop) 2023-08-18
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2025-11-18
document have to be withdrawn

This document supersedes EN 60738-1:2006 and all of its amendments and corrigenda (if any).

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.

Any feedback and questions on this document should be directed to the users’ national committee. A
complete listing of these bodies can be found on the CENELEC website.

Endorsement notice

The text of the International Standard IEC 60738-1:2022 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following note has to be added for the standard indicated:

IEC 60068-2-45:1980 NOTE Harmonized as EN 60068-2-45:1992 (not modified)
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Normative references to international publications
with their corresponding European publications

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)

applies.

NOTE 1 Where an International Publication has been modified by common maodifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available

here: www.cenelec.eu.

Publication
IEC 60027

IEC 60050

IEC 60062
IEC 60068-1

IEC 60068-2-1

IEC 60068-2-2

IEC 60068-2-6

IEC 60068-2-11

IEC 60068-2-13

IEC 60068-2-14

IEC 60068-2-20

IEC 60068-2-21

IEC 60068-2-27

IEC 60068-2-30

Year

series

series

2013

2007

2007

Title

Letters symbols to be used in electrical
technology

International Electrotechnical Vocabulary
(IEV)

Marking codes for resistors and capacitors

Environmental testing - Part 1: General and
guidance

Environmental testing - Part 2-1: Tests
Test A: Cold

Environmental testing - Part 2-2: Tests
Test B: Dry heat

Environmental testing - Part 2-6: Tests
Test Fc: Vibration (sinusoidal)

Environmental testing - Part 2-11: Tests
Test Ka: Salt mist

Environmental testing - Part 2-13: Tests
Test M: Low air pressure

Environmental testing - Part 2-14: Tests
Test N: Change of temperature

Environmental testing - Part 2-20: Tests -
Test Ta and Tb: Test methods for
solderability and resistance to soldering
heat of devices with leads

Environmental testing - Part 2-21: Tests -
Test U: Robustness of terminations and
integral mounting devices

Environmental testing - Part 2-27: Tests -
Test Ea and guidance: Shock

Environmental testing - Part 2-30: Tests -
Test Db: Damp heat, cyclic (12 h + 12 h
cycle)

EN 60062
EN 60068-1

EN 60068-2-1

EN 60068-2-2

EN 60068-2-6

EN IEC 60068-2-11

EN IEC 60068-2-13

EN 60068-2-14

EN IEC 60068-2-20

EN IEC 60068-2-21

EN 60068-2-27

EN 60068-2-30

2014

2007

2007


http://www.cenelec.eu/

EN IEC 60738-1:2022 (E)

Publication
IEC 60068-2-58

IEC 60068-2-78

IEC 60294

IEC 60617

IEC 60717

IEC 61193-2

IEC 61249-2-7

IEC 61760-1

ISO 80000-1

Year

Title

Environmental testing - Part 2-58: Tests -
Test Td: Test methods for solderability,
resistance to dissolution of metallization
and to soldering heat of surface mounting
devices (SMD)

Environmental testing - Part 2-78: Tests -
Test Cab: Damp heat, steady state

Measurement of the dimensions of a
cylindrical component with axial
terminations

Standard data element types with
associated classification scheme for
electric components - Part 4: IEC reference
collection fo standard data element types
and component classes

Method for the determination of the space
required by capacitors and resistors with
unidirectional terminations

Quality assessment systems - Part 2:
Selection and use of sampling plans for
inspection of electronic components and
packages

Materials for printed boards and other
interconnecting structures - Part 2-7:
Reinforced base materials clad and unclad
- Epoxide woven E-glass laminated sheet
of defined flammability (vertical burning
test), copper-clad

Surface mounting technology - Part 1:
Standard method for the specification of
surface mounting components (SMDs)

Quantities and units - Part 1: General

EN 60068-2-58

EN 60068-2-78

EN 60294

EN 60717

EN 61193-2

EN 61249-2-7

EN IEC 61760-1

EN 1SO 80000-1



IEC 60738-1

Edition 4.0 2022-10

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Thermistors — Directly heated positive temperature coefficient —
Part 1: Generic specification

Thermistances — Coefficient de température positif a chauffage direct —
Partie 1: Spécification générique

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 31.040.30 ISBN 978-2-8322-5731-9

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 60738-1:2022 © |IEC 2022

CONTENTS

O T T 1 I PP 7
1 S T oo o 1S 9
2 NOIMAtIVE FEIEIENCES ...oeieii e 9
3 Terms and definitioNs ... 10
4 GeNeral FEQUITEMENTS ..oui ittt 19
4.1 UNItS @nd SYMDOIS ..o e 19
4.2 Preferred ValUES . ... 20
4.2.1 Climatic CategoOries ... 20
4.2.2 ST oX= Yo [ Vo 1= PP 20

4.3 =T 1 e T PPN 20
4.3.1 GBNEIAL ..t 20
4.3.2 (@70 To |1 T PP 21

5 General provisions for measurements and test method..................... 21
5.1 LCT=Y o L=Y - | PPN 21
5.2 Standard conditions for testing.......cccoviriiiii i 21
5.2.1 Standard atmospheric conditions for testing ............ccoooiiiiiiiii 21
5.2.2 Error of measurement. ... ..o 21

5.3 [T Y A aTe JF= g o B oT=ToT o 1= Y 21
5.3.1 ] Y21 o Ve PP PRPPR 21
5.3.2 = o0 N S 22
5.3.3 ShoCK test SEVEITIES ..o, 22
5.3.4 Vibration SEVEItIES .. ..o 22

5.4 Mounting (for surface mount thermistors only) .........cccooiiiiiiiii i 22
5.4.1 GBNEIAl e 22
5.4.2 Printed wiring board and land pattern ... 23
5.4.3 Wave soldering method ... ... 23
5.4.4 Reflow soldering method ... 23

6 Electrical tests and measuremMents ... ... 24
6.1 ZErO-POWET rESISTANCE ...t 24
6.1.1 GBNEIAl e 24
6.1.2 Measurement ProCEAUIES ... ..o 24
6.1.3 = Yo LU TT =T 0 1= 01 £ 25

6.2 Temperature coefficient of resistance ... 25
6.2.1 GBNEIAL .. 25
6.2.2 ReqQUITEMENTS .o 25

6.3 Insulation resistance (for insulated types only).........ccooiiiiiiiiiiiii 25
6.3.1 GBNEIAL .. 25
6.3.2 TeSt METNOAS ... e s 25
6.3.3 APPIIEA VO AGE .. 26
6.3.4 ReqQUITEMENTS .o 26

6.4 Voltage proof (for insulated types only) ........coouiiiiiiiii e 26
6.4.1 GBNEIAl e 26
6.4.2 TeSt MEINOAS ... e s 26
6.4.3 LI 70 L 2= T = PP 26
6.4.4 ReqQUITEMENTS .o 26

6.5 Resistance/temperature characteristiC ...........cooiiiiiiiiiiiiii e 26



IEC 60738-1:2022 © |EC 2022 -3-

6.5.1 Test METhOAS ... e 26
6.5.2 ReqQUITEMENTS .o 27
6.6 Dissipation factor at Umgy () ..ooooooeeoeiei 27
6.6.1 GBNEIAl e 27
6.6.2 PreconditioNiNg. ... 27
6.6.3 T eSSt CIPCUIL. e e 27
6.6.4 Test METhOAS ... e 27
6.6.5 REQUINTEMENTS ..o 28
6.7 Response time by ambient temperature change (15) ... 28
6.7.1 GBNEIAl e 28
6.7.2 PreconditioNiNg. ... 28
6.7.3 T eSSt PrOCEAUIES ..o e 28
6.7.4 Measurement ProCEAUIES ........oeiiiiiii e e e e e 29
6.7.5 R QUITEM NS Lo 29
6.8 Response time by power change (tp) .................................................................... 29
6.8.1 MOUNTING et ettt 29
6.8.2 Test METhOAS ... e 29
6.9 Thermal time constant by ambient temperature change (zg)...........ccccoceeeeil 30
6.10 Thermal time constant by cooling (7g) ........ooovvveeni 30
6.10.1 1/ o T 1 o Y S 30
6.10.2 Test METhOAS ... e 30
6.10.3 ReqUIrEMENTS . 32
6.11  Tripping current and tripping timMe... ... 32
6.12  NON-HPPING CUM BNt e 32
6.13 Residual-current...c .o caialoniiancnndaanlllan e d Lo o nda b 32
6.14  Surface temperature ... 33
B.15  INFUSH CUITENT Lo e 34
6.15.1 MeEASUIING CIFCUIL ... e e e e e 34
6.15.2 Measuring Method ... 34
6.16  Energy by diSCharge ... 35
6.16.1 MEASUNING CIFCUIT ...ttt 35
6.16.2 Measuring MethOd . ... 35
7 Mechanical test and MeasuUrEmMENtS ... ... 36
7.1 Visual examination and check of dimensions .............ccooiiiiiiiiiiiiiii e 36
7.1.1 Visual examination .. ... 36
7.1.2 =T Q1 o S 36
7.1.3 Dimensions (GAUGING) ... e e 36
7.1.4 DIimensions (detail) .. ... 36
7.2 Robustness of terminations..........coiiiiiii i 36
7.2.1 GBNEIAl e 36
7.2.2 TestUaq —Tensile ... 36
7.2.3 Test Ub — Bending ... 37
7.2.4 TSt UC — TOISION .o 37
7.2.5 Visual examination ... 37
7.2.6 Final measurements and requirements ..........ccoooiiiiiiiiii i 37
7.3 VDAt ON L. 37
7.4 ST o] PP 38

7.5 Shear (adhesion) 1eSt .. ... 38



-4 - IEC 60738-1:2022 © |IEC 2022

7.5.1 Test CONAIIONS .. e 38
7.5.2 Test MethOAS ... e 38
7.5.3 ReQUITEMENTS .o 38

7.6 Substrate bending test .. ... 38
7.6.1 MOUNTING et ettt 38
7.6.2 INnitial MEASUIrEMENTS ... 39
7.6.3 T eSSt PrOCEAUIES .. e e 39
7.6.4 MEASUIEIMENTS ...t e 39
7.6.5 R QUITEM NS Lo 39
7.6.6 Final inspection and requirements ......... ..o 39

8  Environmental and climatiC teStS ... 39
8.1 Rapid change of temperature ... ... 39
8.2 103114 g F=Y (oY= Yo LU T=] o Lo - PP 39
8.2.1 LT o= = | P 39
8.2.2 INitial MEASUIrEMENTS ... 39
8.2.3 DIy AL e 40
8.2.4 Damp heat (cyclic), first CYCle ...uivniiiiii e, 40
8.2.5 070 Lo PP 40
8.2.6 o 1= YTl o Y11 U - 40
8.2.7 Damp heat (cyclic), remaining CYCleS ......c.ovuiiiiiiieieie e, 40
8.2.8 Final measurements ... ..o 40

8.3 Damp heat, steady state ... 41
8.4 ENAUIANCE ... 41
8.4.1 Endurance at room temperature (CyCling) ......coooviiiiiiiiii e 41
8.4.2 Endurance at upper category temperature ............ccooiiiiiiiii 42
8.4.3 Endurance at maximum operating temperature and maximum voltage ........... 43
8.4.4 Cold environment electrical CyCling..........cooeiiiiiiiiiii e 44
8.4.5 Thermal FUNAWAY ......oui e 45

9 Testrelated to component assembIy ... ... 45
9.1 SOlArabIlitY ... e 45
9.1.1 GBNEIAL ..t 45
9.1.2 Thermistors with leads ..o e 45
9.1.3 Surface mount thermistors ... ... 46

9.2 Resistance to soldering heat.... ... 46
9.2.1 LT o= = | P 46
9.2.2 Test CONAIIONS .. e 46
9.2.3 The period Of FECOVEIY . ... 47
9.2.4 Requirements for except surface mount thermistors ...............ccooiiiiiiiiininnns, 47
9.2.5 Requirements for surface mount thermistors..............ccoooiiiiiiiiiinie e, 47

10 Quality assessment ProCEAUIES ... ..o e 47
Annex A (informative) Mounting for electrical measurements .............coooiiiiiiii 48
A1 Mounting for thermistors without wire terminations...............c.coooiiiiiiiinn 48
A.2 Mounting for thermistors with wire terminations.............co.ooiiii i, 48
A.3 Mounting for surface mount thermistors ............cooiiiiiiiii e 49
Annex B (informative) Mounting for temperature measurements ............c..coiiiiiii 51
Annex Q (normative) Quality assessment proCedures ..........ooouiviiiiiiiiiiiiiiiieiec e 52
Q.1 LCT=Y =T = | PP 52

Q.2 Applicability of qualification approval ... 52



IEC 60738-1:2022 © |EC 2022 -5-

Q.3 Primary stage of manufacture ..o
Q.4 SUDCONIIACHING ...t
Q.5 Structurally similar COmMPONENES ...
Q.5.1 (7= =T -1 PSRN
Q.5.2 For electrical teStS ..o
Q.5.3 For environmental tests . ...
Q.54 For visual iNSpection ... ..o
Q.5.5 FOr enduranCe teStS . ouuuu i
Q.6 Qualification approval ProCeAUIES .......c..iiiiiiie e
Q.6.1 Eligibility for qualification approval......... .o
Q.6.2 Application for qualification approval .........ccoooiiiiiii i
Q.6.3 Test procedure for qualification approval ...,
Q.6.4 Qualification approval based on the fixed sample size procedure...................
Q.6.5 Granting of qualification approval ..........coooiiiiiiii
Q.6.6 Maintenance of qualification approval ...
Q.6.7 Quality conformance iNSPEeCLioN ........oiiiiiiiii e
Q.7 ReEWOIK @nd M Pair. .. e
Q.71 REWOTK et
Q.7.2 =Y o - 1
Q.8 Release fOr AEIIVEIY ...
Q.8.1 (7= =T - | SR
Q.8.2 Release for delivery under qualification approval before the completion
Of GroUP B eStS ooeeii
Q.9 Certified test records of released 10tS........iiiiiiiiii i
Q.10 Delayed deliVEIY ... et
Q.11 Alternative test Mmethods ..o
Q.12 Manufacture outside the geographical limits..........c.ccooviiiiiiiiiii e,
Q.13 Unchecked parameters .. ...
Annex X (informative) Cross-references to I[EC 60738-1:2009..........ccccviiiiiiiiiiiiiiiiiieeeen,
BB O g AP Y e
Figure 1 — Typical resistance-temperature characteristic and definitions for PTC
thermistors (At ZEIO POWET) ... e e e e e e ea e aeees
Figure 2 — Typical R-TNF characteristic for PTC thermistors in sensor applications ..............
Figure 3 — Typical current/voltage characteristic for PTC thermistors............ccooooiii,
Figure 4 — Iy @gaiNSt £ @t Ugg .vvvvrrmrmmmmriiiiiiiiiiiiiiiiiiiii i
Figure 5 — Ijpy @gainSt £ @t URNJS «++vvvvvvvrrrrmmmmmmmmniiiiiiiiiiiiiiiii ittt
Figure 6 — Dissipation factor test CirCUit ..........ooeiiiii e
Figure 7 — Temperature gradient. .. ...
Figure 8 — Circuit for measurement of thermal time constant by cooling.............ccc.coieiii.
Figure 9 — Circuit for surface temperature measurement.............ccooeiiiiiiiiiiii i,
Figure 10 — MeasUFNNG CirCUIL ... ..o e e e e e e et e e e e e e aaenns
Figure 11 — MeasUuriNg CirCUIT ... ... e e

Figure 12 — Circuit for endurance at maximum operating temperature and maximum

voltage.....

Figure A.1

— Example of a preferred mounting method for thermistors without wire

L= 0 4L P> €0 o =N



-6 - IEC 60738-1:2022 © |IEC 2022

Figure A.2 — Example of a preferred mounting method for thermistors with wire

O M I A 0N S e e 49
Figure A.3 — Example of a preferred mounting method for surface mount thermistors ........... 50
Figure B.1 — Example of a preferred mounting method for temperature measurement

on cylindrical heating €lemMENtS ... 51
Table 1 — Creepage distances and ClearanCes ....... ..o 20
Table 2 — Test severities of vibration ... 22
Table 3 — TeNSIIE fOrCE ..uiiiiii et e s 37
Table 4 — Number of cycles per climatic category .........ooii i 40
Table A.1 — Recommended land dimensions ... ... 50
Table Q.1 — Fixed sample size test schedule for qualification approval of thermistors

for current limitation — Assessment level EZ.......... 56
Table Q.2 — Fixed sample size test schedule for qualification approval of thermistors

for use as heating elements — Assessment level EZ...........coooiiiiiiiiii i, 57
Table Q.3 — Fixed sample size test schedule for qualification approval of thermistors

for inrush current application — Assessment level EZ ... 58
Table Q.4 — Fixed sample size test schedule for qualification approval of thermistors

for use as temperature sensing elements — Assessmentlevel EZ ... 59
Table Q.5 — Quality conformance inspection for lot-by-lot inspection.............cc.cooiiiiiinnn. 60
Table Q.6 — Quality conformance inspection for periodic testing ...........c.cooiiiiiiiiiinnn . 61

Table X.1 — Cross-references to the previous edition ..., 63



IEC 60738-1:2022 © |EC 2022 -7-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

THERMISTORS - DIRECTLY HEATED POSITIVE
TEMPERATURE COEFFICIENT -

Part 1: Generic specification

FOREWORD

1) 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.

2) 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.

3) IEC Publications have the form of recommendations for international use and 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.

4) 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.

5) 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.

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

7) 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.

8) 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.

9) 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.

IEC 60738-1 has been prepared by IEC technical committee 40: Capacitors and resistors for
electronic equipment. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2006 and
Amendment 1:2009. This edition constitutes a technical revision.

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

a) Restructured completely to comply with ISO/IEC Directives; categorization and
reorganization of test methods into these categories;

b) Some wordings, figures and references have been revised.
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The text of this International Standard is based on the following documents:

Draft Report on voting

40/2969/FDIS 40/2977/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

A list of all parts in the IEC 60738 series, published under the general title Thermistors — Directly
heated positive temperature coefficient, can be found on the IEC website.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under 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.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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THERMISTORS - DIRECTLY HEATED POSITIVE
TEMPERATURE COEFFICIENT -

Part 1: Generic specification

1 Scope

This part of IEC 60738 describes terms and methods of test for positive step-function
temperature coefficient thermistors, insulated and non-insulated types, typically made from
ferro-electric semi-conductor materials.

It establishes standard terms, inspection procedures and methods of test for use in detail
specifications for qualification approval and for quality assessment systems for electronic
components.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60027 (all parts), Letter symbols to be used in electrical technology

IEC 60050 (all parts), International Electrotechnical Vocabulary (IEV) (available at
www.electropedia.org)

IEC 60062, Marking codes for resistors and capacitors

IEC 60068-1:2013, Environmental testing — Part 1. General and guidance

IEC 60068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)
IEC 60068-2-11, Environmental testing — Part 2-11: Tests — Test Ka: Salt mist

IEC 60068-2-13, Environmental testing — Part 2-13: Tests — Test M: Low air pressure

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature
Amendment 1 (1986)

IEC 60068-2-20, Environmental testing — Part 2-20: Tests — Test Ta and Th: Test methods for
solderability and resistance to soldering heat of devices with leads

IEC 60068-2-21, Environmental testing — Part 2-21: Tests — Test U: Robustness of terminations
and integral mounting devices

IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock



