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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POLYMERIC THERMISTORS -
DIRECTLY HEATED POSITIVE STEP FUNCTION
TEMPERATURE COEFFICIENT -

Part 1: Generic specification

FOREWORD

2005(E)

The Irjternational Electrotechnical Commission (IEC) is a worldwide organization for standardization-G
all ngtional electrotechnical committees (IEC National Committees). The object of IECK is to
internptional co-operation on all questions concerning standardization in the electrical and electronic
this ehd and in addition to other activities, IEC publishes International Standards, Techhical Speg
Technlical Reports, Publicly Available Specifications (PAS) and Guides (hereaftef)referred to
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC National"Committee
in thgd subject dealt with may participate in this preparatory work. Internatiopal,)governmental
goverpmental organizations liaising with the IEC also participate in this preparation. IEC collaborat

omprising
promote
fields. To
ifications,
as “IEC
nterested
and non-
bs closely

with the International Organization for Standardization (ISO) in accordance with conditions detefmined by

agreefnent between the two organizations.

The fqrmal decisions or agreements of IEC on technical matters express{.as-nearly as possible, an int
consensus of opinion on the relevant subjects since each technical(¢ommittee has representatio
interested IEC National Committees.

ublications have the form of recommendations for interpational use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are made to ensure that the technical conte
Publidations is accurate, IEC cannot be held responsiblesfor the way in which they are used g
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC PU
transgarently to the maximum extent possible in their national and regional publications. Any d
betwepn any IEC Publication and the corresponding“national or regional publication shall be clearly in
the lafter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsibl
equipent declared to be in conformity withoan IEC Publication.

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

No liapility shall attach to IEC or its)directors, employees, servants or agents including individual eX
rs of its technical committees and IEC National Committees for any personal injury, property d
other [damage of any nature.Whatsoever, whether direct or indirect, or for costs (including legal
expenies arising out of the“publication, use of, or reliance upon, this IEC Publication or any
Publidations.

Attentjon is drawn te_thé Normative references cited in this publication. Use of the referenced publi
indispensable for ¢he_correct application of this publication.

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

Ernational
from all

National
nt of IEC
r for any

blications
vergence
dicated in

e for any
perts and
amage or

fees) and
pther IEC

cations is

subject of

Internatjonal’ Standard IEC 62319-1 has been prepared by IEC technical commi
Capacitors and resistors for electronic equipment.

tee 40:

The text of this standard is based on the following documents:

FDIS Report on voting
40/1505/FDIS 40/1534/RVD

Full information on the voting for the approval of this standard 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.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

» replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date.

The corltents of the corrigendum of March 2009 have been included in this copy.



https://iecnorm.com/api/?name=1d08ff468559ae632834a5e319247eb4

-6- 62319-1 © IEC:2005(E)
POLYMERIC THERMISTORS -
DIRECTLY HEATED POSITIVE STEP FUNCTION
TEMPERATURE COEFFICIENT -

Part 1: Generic specification
1 General
1.1  Scope
This part of IEC 62319 prescribes terms and methods of test for polymeric |positive
temperdture coefficient thermistors, insulated and non-insulated types, typically intepded for
use in current limiting and overcurrent protection applications.
It establishes standard terms, inspection procedures and methodsof/test for use |n detail
specifications for Qualification Approval and for Quality Assessment” Systems for electronic

compon

1.2 N

The foll

ents.

ormative references

pwing referenced documents are indispensable’ for the application of this do

For datgd references, only the edition cited applies. For undated references, the lates

of the rd

IEC 600

IEC 600

IEC 600

IEC 600

IEC 600

IEC 600

IEC 600
termina

ferenced document (including any amendments) applies.

27-1: Letter symbols to be used in electrical technology — Part 1: General

50: International Electrotechnical*Vocabulary

68-1: Environmental testing)~ Part 1: General and guidance

68-2-6: Environmental-testing — Part 2: Tests — Test Fc: Vibration (sinusoidal)
68-2-14: Environmental testing — Part 2: Tests — Test N: Change of temperatu
68-2-20,-Environmental testing — Part 2: Tests — Test T: Soldering

68-2-21: Environmental testing — Part 2-21: Tests — Test U: Robust

cument.

t edition
G
hess of

ions and integral mounting devices

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

IEC 60068-2-29: Environmental testing — Part 2: Tests — Test Eb and guidance: Bump

IEC 60068-2-45: Environmental testing — Part 2: Tests — Test XA and guidance: Immersion in
cleaning solvents

IEC 60294: Measurement of the dimensions of a cylindrical component having two axial
terminations

IEC 60410: Sampling plans and procedures for inspection by attributes.
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IEC 60617-DB: 20011 Graphical symbols for diagrams

IECQ 001003: /EC Quality Assessment System for Electronic Components — Guidance
documents

IECQ 001002-3: IEC Quality Assessment System for Electronic Components — Rules of
Procedure — Part 3: Approval procedures

ISO 1000: S/ units and recommendations for the use of their multiples and of certain other
units

2 Tecghnical data

2.1 Units and symbols

Units, gfraphical symbols, letter symbols and terminology shall, whenever(possible, Qe taken
from the following documents:
IEC 60027
IEC 60050
IEC 60417
ISO 1040

The follpwing subclauses contain additional terminolegy*applicable to thermistors.

Where further items are required they shall be detived in accordance with the principlgs of the
documents listed above.

2.2 Terms and definitions

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

221
thermidtor
thermally sensitive semiconducting resistor whose primary function is to exhibit an important
change|in electrical resistance with a change in body temperature

ive temperature coefficient thermistor
thermisfor in ,which the resistance increases with increasing temperature throughout the
useful pgaft’ of its characteristic. The PTC thermistors covered in this specification fypically

223

directly heated positive temperature coefficient thermistor

thermistor in which the change in temperature is obtained either by the flow of current through
the thermo-sensitive element, or by a change in ambient temperature, or by a combination of
both of these means

1 “DB" refers to the IEC on-line database.
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224

zero power resistance

Ry

value of the resistance of a PTC thermistor, at a given temperature, under such conditions
that the change in resistance due to the internal generation of heat is negligible with respect
to the total error of measurement

NOTE Any resistance value of a PTC thermistor is dependent on the value and the mode of the applied voltage
(AC or DC).

225

nominal zero power resistance

Rn

zero poyrerresistanceused-as—areference—vatuefor-which—the fu”uvviug conditions—should be
given in|the detail specification:

a) refer¢nce temperature, preferably 25 °C
b) appligd voltage (DC or AC)

2.2.6
resistance/temperature characteristics
relationship between the zero power resistance of a thermistor, and the temperaturg of the
thermogdensitive element when measured under specified reference conditions

2.2.7
upper dategory temperature
UCT
maximum ambient operating temperature of the thermistor

2.2.8
lower chtegory temperature
LCT
minimum ambient operating temperature of the thermistor

229
trip event
event of rapid increasing resistance of the thermistor in response to an overcurrent sufge

minimujm initial resistance

minimurh resistance of the thermistor

o
<

max
maximum resistance of the thermistor before it’s initial trip event

2.2.12
maximum resistance 1 h after tripping

R1max
for leaded thermistors the maximum resistance of the thermistor 1 h after it's first trip event;

for surface mount thermistors, the maximum resistance of the thermistor 1 h after reflow

2.2.13
maximum voltage

Umax
maximum AC or DC voltage which may be applied to the thermistor
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2.2.14
operating temperature range at maximum voltage
range of ambient temperatures at which the thermistor can operate at the maximum voltage

2.2.15

isolation voltage (applicable only to insulated thermistors)

maximum peak voltage which may be applied under continuous operating conditions between
any of the thermistor terminations and any conducting surface

2.2.16
maximum current

1
max
value off current for the operating temperature range, which should not be exceeded

2217
residual current
Ires
value of current in the tripped thermistor at a specified ambient temperature (preferably
25 °C) pnder steady state conditions; the applied voltage is the maximum voltagg unless
otherwige specified

2.2.18
trip current
Iy
lowest gurrent which will cause the thermistor to trip ta.its"high resistance state at a gpecified
tempergture (preferably 25 °C) and within a time spegified in the detail specification

2.2.19
hold current
Iy,
the maxXimum current at specified ambienttemperature, preferably 25 °C, which will ngt cause
the trip pvent

2.2.20
fault current

Trauit W _
current psed when measuring time to trip

2.2.21
power dissipation
Py
product|of the‘current flowing through a device and the voltage across it, under steagdy state
conditionsithe applied voltage is the maximum voltage unless otherwise specified

2.2.22

time-to-trip

ttrip

under specified ambient conditions, starting from the time the fault current (I;,,;;) is applied,
the time-to-trip is the time required for a device to switch into the tripped state

2.2.23

insulated thermistors

thermistors capable of meeting the requirements of the insulation resistance and voltage proof
tests when specified in the test schedule
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2.3 Preferred values
2.3.1 Climatic categories

The thermistors covered by this specification are classified into climatic categories according
to the general rules given in the annex to IEC 60068-1. The detail specification prescribes the
appropriate category.

2.3.2
Void

2.3.3 $hock-testseverities

Test seyerities given in detail specifications shall preferably be the following:
Test Ea|(IEC 60068-2-27)

Pulse shape: Half sine

Accelergtion: 500 m/s?2

Pulse duration: 11 ms.

Severity: 3 successive shocks in each axis direction pef specimen. Separate specimeps to be
used for each axis (6 shocks total per specimen).

NOTE The shock and bump tests are normally specified.as<alternatives.

2.3.4 VYibration severities

Test sdverities given in the detailx'specifications shall preferably be selected from the
following:

Test Fc|(IEC 60068-2-6)
Frequercy range: 10 Hz'to'55 Hz or 10 Hz to 500 Hz
Amplitufle: 0,75 mm or 100 m/s2 (whichever is the less severe)

Sweep éndurance: Total duration 6 h.

Thermistors—stratt-bemounted-by-theirmormatmeans—imstch—amannmer-that-there—shall be no
y

parasitic vibration. During vibration testing there shall be no interruption in electrical continuity

greater than 0,5 ms.
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2.4 Marking

2.4.1 General

The following shall be clearly marked on the thermistor in the following order of precedence
as space permits:

a) values of the primary characteristics appropriate to the application of the thermistor to be
specified in the detail specification. When these values are coded (including colour

codi

b) man

ng), details shall be given in the detail specification or type designation;

ufacturer's name and/or trade mark;

c) date of manufacture or date code;

d) the

The pag
above.

Any adg

3 Quality assessment procedures

31 G

humber of the detail specification and style.

kage containing the thermistors shall be clearly marked with all the information listed

itional marking shall be so applied that no confusion can arise.

eneral

When these documents are being used for the purposésvof a full quality assessmenf system

such as
with 3.5

When th
as desig
be used
schedul

Before
manufa

IECQ 001002-3.

the IEC Quality Assessment System for Elestronic Components (IECQ), compliance
is required.

ese documents are used outside such quality assessment systems for purposes such
n proving or type testing, the procedures and requirements of 3.5.1 and 3.5.3 b) may
, but if used, the test and parts oftests shall be applied in the order given in|the test

)

<.

thermistors can be qualified according to the procedures of this clause, the
cturer shall obtain the approval of his organisation in accordance with the provisions of

The me|
approv

3.1.1

Qualific
similar

hod for the approval of thermistors of assessed quality given in 3.5 is qualification
| according+«o,the provisions of Clause 3 of IECQ 001002-3.

pplicability of qualification approval

tien approval is appropriate for a standard range of thermistors manufacfured to
; i i i i ification.

The programme of tests defined in the detail specification for the appropriate assessment and
performance levels applies directly to the subfamily of thermistors to be qualified, as
prescribed in 3.5 and the relevant blank detail specification.

3.2 P

rimary stage of manufacture

The primary stage of manufacture is defined as the initial compounding process of the
ingredients.
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If subcontracting of the primary stage of manufacture and/or subsequent stages is employed it

shall be

in accordance with 4.2.2 of IECQ 001002-3.

The blank detail specification may restrict subcontracting in accordance with 4.2.2.2 of
IECQ 001002-3.

34 S

tructurally similar components

Thermistors may be grouped as structurally similar for the purpose of forming inspection lots
provided the following requirements are met:

a) they
desi

b) the g

c) stru
deta
test

3.41
grouped

shall be produced by one manufacturer on one site using essentially\th
on, materials, processes and methods;

reports.

For electrical tests, devices having the same electrical characteristics
provided the element determining the characteristic is similar for all the

concerned.

3.4.2
structur

3.4.3
made o
finish.

This grg
conveni

3.44
same pf
can be
on this {

3.5 @
3.5.1

For environmental tests, devices having the.same type of insulation, basic
b and finishing processes may be grouped.:

For visual inspection (except marking),»devices may be grouped if they ha

n the same production line, have the.same dimensions, type of insulation and

uping may also be used for rebustness of terminations and soldering tests wh
ent to group devices with different internal structures.

For endurance tests, thermistors may be grouped if they have been made

shown that one type from the group is more heavily stressed than the others th
ype may be accepted for the remaining members of the group.

ualification approval procedures

Eligibility for qualification approval

ample taken shall be determined from the total lot size of the grouped-devices;,

Ie same

turally similar devices should preferably be included in one detail'specificatior] but the
ils of all claims to structural similarity shall be declared in the qualification approval

may be
devices

internal

e been
external

ere it is

on the

oduction line using.the same design and differing only in electrical characterisﬂcs. If it

n tests

The ma

3.5.2

++la 4.4 f

£ 4 o Ll | o [Tl aYaWaYal
aractarTToiTalnr CUTITPTY WillT o T T UT TE UG UU

Application of qualification approval

The manufacturer shall comply with 3.1.3 of IECQ 001002-3.

3.5.3

Test procedures for qualification approval

One of the two following procedures shall be followed:

a) the

manufacturer shall produce test evidence of conformance to the specification
requirements on three inspection lots for lot-by-lot inspection taken in as short a time as
possible and one lot for periodic inspection. No major changes in the manufacturing
process shall be made in the period during which the inspection lots are taken.
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b)

Samples shall be taken from the lots in accordance with IEC 60410. Normal inspection
shall be used, but when the sample size would give acceptance on zero non-
conformances, additional specimens shall be taken to meet the sample size requirements
to give acceptance on one non-conforming item.

the manufacturer shall produce test evidence to show conformance to the specification
requirements on the fixed sample size test schedule given in 3.5.4.

The specimens taken to form the sample shall be selected at random from current
production or as agreed with the National Supervising Inspectorate (NSI).

For the two procedures, the same sample sizes shall be of comparable order. The test
conditions and requirements shall be the same.

3.5.4 Qualification approval on the basis of the fixed sample size procedure

The fixgd sample size test schedule for qualification approval given hereinafter i appgropriate
to the iptended application of the thermistor that is to be approved. The-~sehedule provides
information on the test grouping and sampling and acceptance criteria. The“conditiong of test
and thel end of test requirements shall be identical to those specified-in the relatgd blank

detail specification for the lot-by-lot and periodic tests.

Tests

The complete series of tests specified in Table 1 are requiredfor the approval of thefmistors
covered by the detail specification. The tests of each group shall be carried out in the order

given.

The whple sample shall be subjected to the tests<of Group 0 and then divided for the other

groups.

Non-conforming specimens during the tests;of Group 0 shall not be used for the other groups.

“One ngn-conforming item” is counted:when a thermistor has not satisfied the whole ¢r a part

of the tgsts of a group.

The apgroval is granted when the number of non-conformances does not exceed the gpecified
number|of permissible non-conforming items for each group or subgroup and the totallnumber

of perm|ssible non conformances.

The follpwing list applies to the test schedule detailed in Table 1:

a) claupe number references are to clauses in this specification;

b) 1) whete-the test schedule of a blank detail specification omits a test, that test|may be

omittedfrom the fixed sample size schedule in this specification;

2) where additional tests are specified in the detail specification, that test shall be included
in the fixed sample schedule, either by its addition to an existing group or, by the addition
of another group. In the former case there shall be no change in the number of specimens
to be tested or in the acceptance criteria. In the latter case the number of specimens to be
tested and the acceptance criteria shall be comparable to those already specified;

in this table:

n is the sample size;

¢ is the group acceptance criteria (permitted number of defectives per group);
D indicates a destructive test;

ND indicates a non-destructive test;
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the temperature at which the zero power resistance shall be measured is specified in the
detail specification. The temperature shall be stated, where required, in the test schedule;

data for conditions of test are defined in the detail specification;

the additional specimens are to permit substitution for incidents not attributable to the
manufacturer. The specimens may be used to replace non-conforming specimens which
occur as a result of a test in a group which is identified as being “destructive”. Where a
specimen is used for this purpose, it shall be subjected to those tests in the group to
which the non-conforming item had already been subjected, before proceeding with the
remaining tests in the group;

the specimens used for this group may, at the discretion of the manufacturer, be used for
any subsequent group which is identified as being “destructive”;

ten pamples from Group O test samples have to be chosen, 5 having the lowgst zero
power resistance of the samples shall be used for Group 1A, 5 having the highg¢st zero
power resistance of the samples for Group 1B;

the soldering — solderability and soldering — resistance to soldering heat“tésts shall only
be applied where the thermistor has terminations which are appropriate-for soldering;

whefe the terminations are stated to be suitable for printed wijring applicatigns, the
app]opriate test conditions in IEC 60068 shall apply;

the

the |vibration, bump and shock tests are only conducted if required in the detail
spegification.

hermistors shall be mounted by their normal means;
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Trip Residual Voltage
Group 0 5 pcs current current and proof
Power
80 pcs Group 1 dissipation
(+5 spare)
Destructive
5 pes Hold
P current
(Power
dissipation
at / noid
5 pcs Solder Robustness
Group 2 heat
Tests Destructive | 5 hes | Vibration Bump (or)
shock
Visual
Marking
Group 3 (10 pcs | Rapid temp.
Destructive change
Zero Group 4 (10 pcs Detail
power Non Dimens.
resistance Destructive
Group 5 (10 pcs| GCykle life
Destructive
Group 6 |10-pcs Trip
Destructive endurance
Group 7 (10 pcs Climatic
Destructive sequence
Group 8 |10 pcs COI? eth|r.
Non Destructive e e;‘? r.
Destructive cycling
Group 9 (10 pcs Thermal
Destructive runaway
Group 10 |10 pcs | Solderability
Destructive
IEC 218/05

Vibration, bump and shock tests are not required but may be performed to obtain
supplementary information.

Figure 1 — Test schedule flow chart
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Table 1 — Fixed sample size test schedule for qualification approval of polymeric PTC
thermistors for current limitation, assessment level EZ

Group Test Clause/subclause D or Number of Permissible
No of this standard ND specimens number of non-
conforming
items
n c
0 Visual examination 4.3.1 ND 80 +5 0
Marking 4.3.2
Zero power resistance 4.4
1 D
1A Trip current 4.14 5 0
Residual current and power 4.16
dissipation
Voltage proof 4.6
1B Hold current 4.15 5 0
Power dissipation at | hold
Voltage proof 4.6
2
2A Resistance to soldering heat 4.8.2 D 5 0
Robustness of terminations 4.7
2B Vibration B.1 D 5 0
Bump (or) shock B.2(or) B.3
3 Rapid change of temperature 4.10 D 10 0
4 Detail dimensions 4.3.3 ND 10 0
5 Cycle life 4.12 D 10 0
6 Trip endurance 4.13 D 10 0
7 Climatic sequence 4.11 D 10 0
8 Cold environmental electrical 4.18 D 10 0
cycling
9 Thermal‘tunaway 4.19 D 10 0
10 Solderability 4.8.1 10 0
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3.5.5 Granting of qualification approval

Qualification approval shall be granted when the procedures in accordance with 3.1.4 of
IECQ 001002-3 have been completed satisfactorily.

3.5.6 Maintenance of qualification approval

Qualification approval shall be maintained by regular demonstration of compliance with the
requirements for quality conformance (see 3.5.7).

3.5.7 Quality conformance inspection

3.5.7.1 | The blank detail specifications associated with this specification shall presdribe the
test schedule for quality conformance inspection. This schedule shall also_Gpefify the
grouping, sampling and periodicity for the lot-by-lot and periodic inspection (see.Jable 2 and
Table 3).

Sampling plans and inspection levels shall be selected from those given innJEC 60410.
If required, more than one schedule may be specified.

An inspgction lot shall consist of thermistors of the same stylé. It should be represeniative of
those extremes of resistance and switching temperature range’produced during the ingpection
period.

The sample for Groups C and D shall be collected -over the last 13 weeks of the ingpection
proceddure.

3.5.7.2 | Assessment level

The assessment level given in the blank detail specification shall be in accordarnce with
Table 2(and Table 3.

Table 2 — Quality conformance inspection for lot-by-lot inspection

Inspegtion Assessment level
subgroupd EZ
{L2 na ca

AD 100 %P

A S-4 ¢ 0

AP S-3 ¢ 0

B S2 ‘ 8

c
B2 S-2 0

IL is the inspection level.
n is the sample size

c is the permissible number of non-conforming items

® 100 % testing shall be followed by re-inspection by sampling in order to monitor outgoing quality level by non-

conforming items per million (10'6). The sampling level shall be established by the manufacturer. For the
calculation of 10 values parametric failures shall be counted as a non-conforming item. In case one or more non-
conforming items occur in a sample, this lot shall be rejected.

c

Number to be tested: sample size as directly allocated to the code letter for /L in Table I1A of IEC 60410 (single
sampling plan for normal inspection)

¢ The content of the inspection subgroups is described in Clause 2 of the relevant blank detail specification.
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Table 3 — Quality conformance inspection for periodic testing

2005(E)

Inspection Assessment level
subgroup P EZ
p? na ca
C1A 24 5 0
C1B 24 5 0
Cc1 24 10 0
C2A 24 5 0
C2B 24 5 0
CB 24 10 0
Cct 24 10 0
D 24 10 0
Dp 24 10 0
DB 24 10 0
a p is the periodicity in months;
n is the sample size;
c is the permissible number of non-conforming items.
e The content of the inspection subgroups is described in Clause 2 of the relevant blank detail
specification.

3.6
3.6.1

Rework| as defined in 4.1.4 of IECQ 001002-3, shall not be carried out if prohibiteq
relevan{ specification. The relevant specification shall state if there is a restriction
number|of occasions that rework may.take place on a specific component.

All rewdrk shall be carried out prior'to the formation of the inspection lot offered for in
to the requirements of the detail-specification.

Such rework procedures _shall be fully described in the relevant documentation prod
the mahufacturer and.shall be carried out under the direct control of the dej
management representative (DMR). Rework shall not be subcontracted.

3.6.2

Thermidters/which have been repaired as defined in IECQ 001002-3, shall not be 1
under the tTECQsyStenT:

3.7

Rework and Repair

Rework

Repair

by the
on the

Epection

uced by
bignated

eleased

Release for delivery

Thermistors shall be released for delivery according to 3.2.6 and 4.3.2 of IECQ 001002-3,
after the Quality Conformance Inspection prescribed in the detail specification has been
carried out.

3.71

Release for delivery under qualification approval before the completion of

Group B tests

When the conditions of IEC 60410 for changing to reduced inspection have been satisfied for
all Group B tests, the manufacturer is permitted to release components before the completion
of such tests.
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3.8 Certified test records of released lots

When certified test records are requested by a purchaser, they shall be specified in the detail
specification.

3.9 Delayed delivery

Thermistors held for a period exceeding three years (unless otherwise specified in the
relevant specification) following the release of the lot shall, before delivery, be re-examined
as specified in the relevant specification.

The re-examination procedure adopted by the manufacturer's DMR shall by approved by the
NSI.

Once a|lot has been satisfactorily re-inspected, its quality is re-assured fofr|the gpecified
period.

3.10 Allternative test methods
See 3.2|3.7 of IECQ 001002-3 with the following details:

« in case of dispute, for referee and reference purposes, only the specified methods [shall be
used.

3.1 anufacture outside the geographical limits of [ECQ NSIs

A manufacturer may have his approval extended«to'cover part or complete manufacture of
thermisfors in a factory of his company located inva country which does not have a NS for the
technical area concerned, whether this country.'is a IECQ member country or not, provided
that the|requirements of 2.5.1.3 of IECQ 001002-3 are met.

3.12 Unchecked parameters

Only thgse parameters of a compohent which have been specified in a detail specification and
which were subject to testing shall' be assumed to be within the specified limits.

It cannpt be assumed that any unspecified parameter will remain unchanged frpom one
component to anothergsShould for any reason it be necessary for further parametefs to be
controllg¢d, then a new,.more extensive specification shall be used.

The additional.test method(s) shall be fully described and appropriate limits, sampling plans
and inspection levels specified.

4 Test and measurement procedures

This clause contains test and measurement procedures applicable to polymeric PTC
thermistors.

4.1 Standard conditions for testing

Unless otherwise specified, all tests shall be carried out under standard atmospheric
conditions for testing as specified in IEC 60068-1.

The thermistors shall attain thermal equilibrium before results are recorded.

The ambient temperature during the measurements shall be stated in the test report.
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During measurements, the thermistor shall not be exposed to draughts, direct sun rays or
other influences likely to cause error.

The total error of measurement from power dissipation, temperature tolerance and the
tolerance of the measuring equipment shall not exceed 10 % of the tolerance in the detail
specification.

The test shall be carried out in the prescribed order.

4.2 Drying and recovery

4.2.1 Drying

Where frying is called for in the specification, the thermistor shall be conditioned before
measur¢ment is made, using Procedure 1 or Procedure 2 as called forin the detail
specification.

Procedire 1

For (24|t 4) h in an oven at a temperature of (55 + 2) °C and relative humidity not exceeding
20 %.

Procediire 2
For (36 4) h in an oven at (100 £ 5) °C

The thefmistor shall then be allowed to cool in a.desiccator using a suitable desiccantfsuch as
activated alumina or silica gel, and shall be kept therein from the time of the removal from the
oven to|the beginning of the specified tests.

4.2.2 Recovery

Where tlecovery is required, the thermistor shall be stored at standard atmospheric cgnditions
for testipg for 1 h to 2 h.

4.3 \Visual inspectionand check of dimensions
4.3.1 Visual examination

The condition,werkmanship and finish shall be satisfactory as determined by visual
examination.

4.3.2 Marking

Marking shall be legible as determined by visual examination.

4.3.3 Dimensions (detail)

All dimensions prescribed in the detail specification shall be checked and they shall comply
with the values prescribed. Where applicable, measurements shall be made in accordance
with IEC 60294.
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4.4 Zero-power resistance

4.4.1 The zero power resistance shall be measured at the temperature given in the detail
specification.

4.4.2 The thermistors shall be mounted by their normal means.

All measurements shall be made without self-heating of the devices (zero power condition).

The measuring method shall be such that:

a) for absolute resistance measurement, the error does not exceed 10 % of the resistance
tolerance;

b) for measurements of variation of resistance, the error does not exceed 10v% of the
spegified maximum change of resistance.

The zerp power resistance shall be within the limits given in the detail specification.

4.5 Ipsulation resistance (for insulated types only)
4.51 he insulation resistance of the protective coating shall be measured.

4.5.2 According to the instructions given in the detail specification one of the following test
methods is used.

Method| 1

The thefmistor is placed in a vessel containing metallic balls of (1,6 + 0,2) mm diameter, so
that only the insulated parts of the thermistor are\immersed (the metal of the balls shall be
such that it does not develop a resistive surface).

An elecfrode is placed in the metallic balls¢

Method) 2
A metal|foil shall be wrapped closely around the body of the thermistor.

For thoge types not having‘axial terminations, a space of 1 mm to 1,5 mm, or as spefified in
the detgil specification for'devices with 7., > 100 V, shall be left between the edge of the foil
and eag¢h termination.( For those types having axial terminations, the foil shall be Wwrapped
round the whole body.of the thermistor protruding by at least 5 mm from each end, provided
that theminimum<{space of 1 mm between the foil and the termination can be maintainied. The
ends of|the foil. shall not be folded over the ends of the thermistor.

4.5.3 The/insulation resistance shall be measured with a direct voltage of (100 £ 15)|V, or as
specified—ta-the—detat-specificationfor-deviees-with-H ;>0 Vbetweenbeth—terminations
of the thermistor connected together as one pole and the metallic balls, or metal foil as the
other pole.

The voltage shall be applied for 1 min, or for such shorter time as is necessary to obtain a
stable reading, the insulation resistance being read at the end of that period.

4.5.4 When thermistors are tested as specified, the insulation resistance shall be not less
than the appropriate figure specified in the detail specification.
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4.6 Voltage proof (for insulated types only)

4.6.1 The thermistors are tested as specified below.
4.6.2 As required by the detail specification one of the test methods given in 4.5.2 is used.

4.6.3 The applied voltage shall be that specified in the applicable safety document,
otherwise it should be as follows:

e an alternating voltage with a frequency of 40 Hz to 60 Hz and with a peak value of 1,4
times the isolation voltage specified in the detail specification, shall be applied for 1 min
+ 5 s between all terminations of the thermistor connected together as one pole and the
metallic balls, or the metal foil as the other pole; the voltage shall be applied graduially at a
rate |of approximately 100 V/s.

4.6.4 There shall be no breakdown or flashover.

4.7 Robustness of terminations (for leaded types only)

a) Thel|appropriate parameter(s) given in the detail specification shalf be measured and shall
be recorded.

b) The| thermistors shall be subjected to the procedurefof tests Ua, Ub and Uc of
IEC 60068-2-21 as appropriate.

c) Tests Ub and Uc shall not be applied if the detail specification describes the termlinations
as rigid.

4.7.1 Test Ua — Tensile

The loagling weight to be applied for 10 s shall be:

« for gll types of terminations exceptwire terminations: 20 N;

+ for wire terminations: see Table 4.

Table 4 = Loading weight for wire terminations

Cross=sectional area S Nominal diameter D Load
of the wire
mm?2 mm N
§$>0,5 D>0,8 20
0,2< §<0,5 0,5 <D<0,8 10
0,1< §<0,2 0,35< D<0,5 5
§<0,1 D < 0,35 2,5

4.7.2 Test Ub — Bending (half the number of terminations — not applicable to
thermistors encapsulated in glass or in envelopes)

Two consecutive bends shall be applied (Method 1).

4.7.3 Test Uc — Torsion (remaining terminations)

Two rotations of 180 ° shall be applied (Severity 2).

4.7.4 Visual examination

After each of these tests, the thermistors shall be visually examined. There shall be no visible
damage.
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4.7.5 Final measurements and requirements

After the test, the appropriate parameter(s) given in the detail specification shall be measured
and shall comply with the requirements prescribed in the detail specification.

4.8 Soldering

These tests only apply to devices which require termination by soldering.

4.8.1 Solderability

The thermistors shall be subjected to Test Tb of IEC 60068 2- 20 for Ieaded therm|stors and to
: ification
shall prg¢scribe which method is preferred and shall give the addrtronal mformatron asyrequired
in the above referenced standards.

The thefmistors shall be visually examined. Immersed parts shall be correctly tinned.

4.8.2 Resistance to soldering heat (for leaded devices only)

The appropriate parameter(s) given in the detail specification shall be measured using the
method |specified and shall be recorded.

The thefmistors shall be subjected to the resistance to spldering heat test using Method 1A of
Test Tb|of IEC 60068-2-20. All terminations of the thermistor shall be tested.

The thefmistors shall be visually examined. There shall be no visible damage.

After refovery according to 4.2, the appropriaté parameter(s) given in the detail spedjfication
shall bg measured, and shall comply _(with the requirements prescribed in the¢ detail
specification.

4.9 Mounting

4.9.1 Surface mount thermistors shall be mounted on a suitable substrate, the method of
mounting will depend on thethermistor construction. The substrate material shall normally be
1,6 mm|thick epoxide woven glass fabric laminated printed board or an 0,635 mm jalumina
substrafe and shall not affect the result of any test or measurement. The detail spedification
shall indicate which.material is to be used for the electrical measurements.

The substrate shall have metallized land areas of proper spacing to permit moupting of
surface| mount—thermistors and shall provide electrical connection to the surfacq mount
thermis‘lor terminals. The details shall be specified in the detail specification

If another method of mounting applies, the method should be clearly described in the detail
specification.

4.9.2 When the detail specification specifies wave soldering, a suitable glue, details of
which may be specified in the detail specification, shall be used to fasten the component to
the substrate before soldering is performed.

Small dots of the glue shall be applied between the conductors of the substrate by means of a
suitable device securing repeatable results.

The surface mount thermistors shall be placed on the dots using tweezers. To ensure that no
glue is applied to the conductors, the surface mount thermistors shall not be moved about.

The substrate with the surface mount thermistors shall be heat-treated in an oven at 100 °C
for 15 min.
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The substrate shall be soldered in a wave soldering apparatus. The apparatus shall be
adjusted to have a pre-heating temperature of 80 °C to 100 °C, a solder bath at 260 °C + 5 °C
and a soldering time of 5s £ 0,5 s.

The soldering operation shall be repeated once more (two cycles in total).
The substrate shall be cleaned for 3 min in a suitable solvent (see 3.1.2 of IEC 60068-2-45).

4.9.3 When the detail specification specifies reflow soldering, the following mounting
procedure applies:

a) the solder used in preform or paste form shall be silver bearing (2 % minimum) eutectic

Sn/Pb—sdderhgeﬂvara—mhmfed*hraﬁﬂed—m—E&&%ﬁﬂﬁé@lTest T:
Soldering. Alternative solders such as 60/40 or 63/37 may be used on surface¢ mount

thermistors whose construction includes solder leach barriers;

b) the surface mount thermistor shall then be placed across the metallized land areds of the
test substrate so as to make contact between thermistor and substrate (ard areas;

c) the substrate shall then be placed in or on a suitable heating systém (molten solder, hot
plate, tunnel oven etc.). The temperature of the unit shall be majntained between] 215 °C
and 260 °C, until the solder melts and reflows forming a homogéneous solder bond, but for
not longer than 10 s.

NOTE 1 |Flux should be removed by a suitable solvent (see 3.1.2 of J/E€/60068-2-45). All subsequen{ handling
should bg such as to avoid contamination. Care should be taken to.maintain cleanliness in test chambers and
during popt test measurements.

NOTE 2 |The detail specification may require a more restricted témperature range.

NOTE 3 |If vapour phase soldering is applied, the same methed-may be used with the temperatures adapjted.

4.10 Rapid change of temperature

The appropriate parameter(s) given in the detail specification shall be measured uging the
method|specified and shall be recorded’

The thefmistors shall then be subjected to Test Na of IEC 60068-2-14 for five cycles. The time
of exposure at each extreme temperature is 30 min.

The thefmistors shall belvisually examined. There shall be no visible damage.

After repovery aceording to 4.2, the appropriate parameter(s) given in the detail spedification
shall belmeasuredtand shall comply with the requirements in the detail specification.

4.1 limatic sequence

In the climatic sequence, an interval of not more than three days is permitted between any of
these tests, except between damp heat, cyclic, first cycle and dry cold. In this case the cold
test shall follow immediately after the recovery period specified for the damp heat test.

The test and measurements shall be performed in the order stated hereinafter.

4.11.1 Initial measurements

The thermistors shall be dried using Procedure 1 of 4.2.1. The appropriate parameters given
in the detail specification shall be measured using the method specified and shall be
recorded.
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4.11.2 Dry heat

The thermistors shall be subjected to the procedure of Test Bd of IEC 60068-2-2 for a
duration of 16 h, using the appropriate degree of severity.

4.11.3 Damp heat (cyclic) first cycle

The thermistors of categories -/-/56, -/-/21, -/-/10 and -/-/04 shall be subjected to Test Db of
IEC 60068-2-30 for one cycle of 24 h. After recovery, the thermistors shall be subjected
immediately to the cold test.

411.4 Cold

The thgrmistors shall be subjected to the procedure of Test Aa of IEC 60068-2{1 for a
duration of 2 h, using the appropriate degree of severity.

4.11.5 | Low air pressure

The thefmistors shall be subjected to the procedure of Test M of IEC 60068-2-13 uging the
approprjate degree of severity. The test shall be made at any temperature between 14 °C and
35 °C and the duration of the test shall be 1 h.

4.11.6 | Damp heat (cyclic) remaining cycles

The thgrmistor shall be subjected to the procedure ©f\test Db of IEC 60068-2-30,| for the
following number of cycles:

Table 5 — Number of cycles

Categories Number of cycles
-/-/56 5
-1-/21 1
+(~10 1
-/-/04 0

After the test, the therntistors shall be subjected to recovery according to 4.2.

4.11.7 | Final measurements

The thefmistors*shall be visually examined. There shall be no visible damage and the marking
shall be|legible.

The appropriate parameter(s) given in the detail specification shall be measured and shall
comply with the requirements in the detail specification.

For insulated types, the insulation resistance shall be measured according to 4.5 and shall be
not less than that specified in the detail specification. The thermistors shall withstand the
voltage proof test as defined in 4.6 without breakdown or flashover.

4.12 Cycle life testing

The thermistors shall be subjected to cycle life testing at ambient temperature under standard
atmospheric conditions of testing (IEC 60068-1).

For all thermistors, the cycle described by “time on” and “time off” will be defined in the detail
specification.
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Thermistors with wire leads shall be connected so that their terminations have an effective
length of 20 mm to 25 mm unless otherwise specified in the detail specification.

Other thermistors shall be mounted by their normal means as prescribed in the detail
specification.

The thermistors shall be so placed that the temperature of any one thermistor shall not
appreciably influence the temperature of any other thermistor. There shall be no undue
draught on the thermistor.

For high breaking current devices Test a) will be applied and for low breaking current devices
Test b) should be used.

Test a) - High breaking current thermistors (I, > 100 A)

For high breaking current thermistors (/,,5, > 100 A) the number of cycleswill'be specified in
the detail specification (see NOTE 13 in Annex A). The applied voltage will be U, ,,|and the
current phould be at least large enough to switch the thermistor into the-high resistange state
(I = Ij). During the “time on” period of each cycle, the thermistor must enter the high
resistanice state.

After the specified number of cycles, the thermistor shall)be allowed to recover under
standar@l atmospheric conditions of testing for not less thah 1 h. The removal from test shall
take place at the end of the “time off” period.

After cygling, the thermistors shall be visually examined.
There shall be no visible damage and the marking shall be legible.

The appropriate parameter(s) as given_in‘the detail specification shall be measured uging the
method|specified. The thermistor must-still perform its safety function as defined in the detail
specification.

Test b) - Low breaking current thermistors (1,5« < 100 A)

For low|breaking currgnt thermistors (/5 < 100 A) the devices will be subjected to 1P cycles
at maximum voltage (U, 5,) and 120 % of maximum current (/,,,4)- Each cycle is comgrised of
energising the thepmistor for a period “time on” and then allowing the thermistor to feset by
removing the pawer to the device for the period “time off”.

After 1( eycles, the thermistor is allowed to cool under standard atmospheric condifions for
not lesd than 1 h The remaval shall take place after the “time off” period The resistance of

the thermistor shall be recorded.

Having completed the initial 10 cycles, the low current thermistors will then be tested for a
further 6 000 cycles at maximum voltage (U,,4) and a current large enough to switch the
device (typically 5 times specified hold current for the device). During the “time on” period of
each cycle, the thermistor must enter the high resistance state.

After the specified number of cycles, the thermistor shall be allowed to recover under
standard atmospheric conditions of testing for not less than 1 h. The removal from test shall
take place at the end of the “time off” period.

After cycling, the thermistors shall be visually examined.

There shall be no visible damage and the marking shall be legible.
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