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1)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIRECTLY HEATED NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS -

Part 1: Generic specification

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 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.

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 60539-1 has been prepared by IEC technical committee 40:
Capacitors and resistors for electronic equipment.

This third edition cancels and replaces the second edition published in 2008. This edition
constitutes a technical revision. Tables, figures and references have been revised.

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

FDIS Report on voting
40/2430/FDIS 40/2457/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.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60539 series, published under the general title Directly heated
negative temperature coefficient thermistors, can be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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DIRECTLY HEATED NEGATIVE TEMPERATURE
COEFFICIENT THERMISTORS -

Part 1: Generic specification

1 Scope

This part of IEC 60539 is applicable to directly heated negative temperature coefficient
thermistors, typically made from transition metal oxide materials with semiconducting
properties.

It establishes standard terms, inspection procedures and methods of test for use in sectional
and detail specifications of electronic components for quality assessment or any other
purpose.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60062, Marking codes for resistors and capacitors

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

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

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

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

IEC 60068-2-11, Basic environmental testing procedures — Part 2-11: Tests — Test Ka: Salt
mist

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature
IEC 60068-2-17, Basic environmental testing procedures — Part 2-17: Tests — Test Q: Sealing

IEC 60068-2-20, Environmental testing — Part 2-20: Tests — Test T: 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

IEC 60068-2-31, Environmental testing — Part 2-31: Tests — Test Ec: Rough handling shocks,
primarily for equipment-type specimens

IEC 60068-2-38, Environmental testing — Part 2-38: Tests — Test Z/AD: Composite
temperature/humidity cyclic test
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IEC 60068-2-45:1980, Basis Environmental testing procedures — Part 2-45: Tests — Test XA
and guidance: Immersion in cleaning solvents
IEC 60068-2-45:1980/AMD1:1993

IEC 60068-2-52, Environmental testing — Part 2-52: Tests — Test Kb: Salt mist, cyclic (sodium
chloride solution)

IEC 60068-2-54, Environmental testing — Part 2-54: Tests — Test Ta: Solderability testing of
electronic components by the wetting balance method

IEC 60068-2-58, 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)

IEC 60068-2-69, Environmental testing — Part 2-69: Tests — Test Te: Solderability testing of
electronic components for surface mounting devices (SMD) by the wetting balance method

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
State

IEC 60294, Measurement of the dimensions of a cylindrical component with axial terminations

IEC 61193-2, Quality assessment systems — Part 2: Selection and use of sampling plans for
inspection of electronic components and packages

IEC 60717, Method for the determination of the space required by capacitors and resistors
with unidirectional terminations

IEC 61249-2-7, 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

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

3.1

type
group of products having similar design features manufactured by the same techniques and
falling within the manufacturer's usual range of ratings for these products

Note 1 to entry: Mounting accessories are ignored, provided they have no significant effect on the test results.

Note 2 to entry: Ratings cover the combination of
— electrical ratings,
— sizes, and

— climatic category.

Note 3 to entry: The limits of the range of ratings should be given in the detail specification.

3.2
style
variation within a type having specific nominal dimensions and characteristics
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3.3

thermistor

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

3.4

negative temperature coefficient thermistor

NTC thermistor

thermistor in which the resistance decreases with increasing temperature

Note 1 to entry: In general, the term 'NTC thermistor' is used.

3.5
directly heated negative temperature coefficient thermistor
thermistor which obtains its resistance variation by the changes of physical conditions.

Note 1 to entry: Physical conditions include the current through the thermistor, ambient temperature, humidity,
wind velocity, gas, etc.

3.6

indirectly heated negative temperature coefficient thermistor

thermistor which obtains its resistance variation primarily by the change of temperature of the
thermistor, due to the change of a current through a separate heater which is in close contact
with, but electrically insulated from, the thermistor element

Note 1 to entry: The temperature of the thermistor can also be changed by the changes of physical conditions
such as current through the thermistor element itself, ambient temperature, humidity, wind velocity, gas, etc.

Note 2 to entry: This term is for information only.

3.7

positive temperature coefficient thermistor

PTC thermistor

thermistor in which the resistance increases with increasing temperature

Note 1 to entry: In general, the term 'PTC thermistor' is used.

Note 2 to entry: This term is for information only.

3.8
thermistor with wire terminations
thermistor provided with wire terminations

3.9
thermistor without wire terminations
thermistor provided only with two metallized faces, to be used as electrical contacts

Note 1 to entry: This term is for information only.

3.10

insulated thermistor

thermistor coated with materials such as resin, glass or ceramic, capable of meeting the
requirements of the insulation resistance and voltage proof tests when specified in the test
schedule

3.1

non-insulated thermistor

thermistor with or without coating materials for surfacing of elements but not intended to meet
the requirements of the insulation resistance and voltage proof tests when specified in the
test schedule
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3.12

surface mount thermistor

thermistor whose small dimensions and nature or shape of terminations make it suitable for
use in hybrid circuits and on printed board

3.13

assembled thermistor

probe

thermistor encapsulated in different materials such as tubes, plastic and metal housing and/or
assembled with cables and/or connectors

Note 1 to entry: This term is for information only.

3.14

thermistor for sensing

thermistor which responds to temperature changes and therefore is used for temperature
sensing and control

3.15
inrush current limiting thermistor
thermistor which limits the inrush current just after switching on the power

3.16

residual resistance

<inrush current-limiting thermistors> value of the d.c. resistance of a thermistor when its
thermal stability is reached with the maximum current passing

Note 1 to entry: This term is for information only.

3.17

maximum permissible capacitance

<inrush current-limiting thermistors> maximum permissible capacitance value of a capacitor
which can be connected to a thermistor under loading

3.18

zero-power resistance

Ry

value of the d.c. resistance of a thermistor, when measured at a specified 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

3.19

nominal zero-power resistance

nominal value of zero-power resistance at the standard reference temperature of 25 °C,
unless otherwise specified

3.20
resistance-temperature characteristic
relationship between the zero-power resistance and the body temperature of a thermistor

Note 1 to entry: Typical resistance-temperature characteristic for NTC thermistors is shown in Figure 1.
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log R

Ta T Ty T (K)

NOTE Slightly downward convexed curve when the temperature range is large.

Figure 1 — Typical resistance-temperature characteristic for NTC thermistors

Note 2 to entry: The resistance law follows approximately the formula:

1.1
R = Ryx eB(?_E]

where

R is the zero-power resistance (Q) at absolute temperature 7 (K);

R, is the zero-power resistance (Q) at absolute temperature T, (K);

B is the thermal sensitivity index (see 3.22).

This formula is only applicable for representing the resistance variation over a restricted temperature range. For

more precise representation of the R/T-curve, a resistance/temperature relation should be specified in tabulated
form in the detail specification.

3.21

resistance ratio

ratio of the zero-power resistance of a thermistor measured at the reference temperature of
25 °C to that measured at 85 °C, or at such other pairs of temperatures as may be prescribed
in the detail specification

3.22
B-value
index of the thermal sensitivity expressed by the formula

B =[(T, x Ty)(Ty, — T,)] x In(R4/Ry)

where
B is the B-value (K);

R, is the zero-power resistance (Q2) at temperature T, (K);

a
Ry, is the zero-power resistance (Q2) at temperature 7}, (K)

Note 1 to entry: The B-value can also be expressed by the following formula (common logarithm):
B =2,303 x [(T, x T )T, — T,)] x log(R,/R,).

Note 2 to entry: The preferred values for 7, and 7, are 298,15 K and 358,15 K, respectively. These values are
equivalent to +25 °C and +85 °C, respectively.

Note 3 to entry: Where the detail specification prescribes that the B-value should be measured at other
temperatures, the specified values (in kelvins) shall be used for T, and 7, in the calculation in place of the
preferred values and the B-value may be expressed by B, .
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3.23
zero-power temperature coefficient of resistance
ar

ratio at a specified temperature (7) of the rate of change of zero-power resistance with
temperature to the zero-power resistance of the thermistor, expressed by the formula

ar = (1/R7) x (dR7/dT) x 100

Note 1 to entry: The value a; can be approximately calculated by the formula:

ar = (-B/T?) x 100
where
a; is the zero-power temperature coefficient of resistance in %/K;
R is the zero-power resistance in ohms at temperature 7 in kelvins (K);
B is the B-value (K).

Note 2 to entry: This term is for information only.

3.24

category temperature range

range of ambient temperatures for which the thermistor has been designed to operate
continuously at zero-power, defined by the temperature limits of the appropriate category

Note 1 to entry: This term is for information only.

3.25

upper category temperature,
Tmax

maximum ambient temperature for which a thermistor has been designed to operate

continuously at zero-power

3.26

lower category temperature
Tmin

minimum ambient temperature for which a thermistor has been designed to operate
continuously at zero-power

3.27

storage temperature range

range of ambient temperatures for which a thermistor can be stored continuously under no-
load condition

Note 1 to entry: This term is for information only.

3.28

decreased power dissipation curve

<all except inrush current-limiting thermistors> curve that expresses the relation between the
ambient temperature and the maximum power dissipation P4,

Note 1 to entry: This relation is usually expressed as in Figure 2 a) or, alternatively, as in Figure 2 b).
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b) Curve b

Figure 2 — Decreased power dissipation curve

Note 2 to entry: This term is for information only.

3.29

maximum power dissipation at rated ambient temperature

PmaXTR L . . . . .
maximum value of the power dissipation which can be continuously applied to the thermistor
at the rated ambient temperature Tg.

See Curve a, T, < Tg < T or Curve b, T, < Ty = Ty in Figure 2.

Note 1 to entry: The rated ambient temperature Ty is the ambient temperature specified in the detail specification
and is usually 25 °C.

Note 2 to entry: This term is for information only.

3.30

maximum power dissipation at ambient temperature

PmaXT L . . . .
maximum value of the power dissipation which can be continuously applied to the thermistor
at an ambient temperature T

Note 1 to entry: Curve a (see Figure 2 a) in 3.28)

The maximum power dissipation rises at a temperature 7, linearly to a temperature 7,. Between temperature T,
and T, the power dissipation is constant. When the temperature exceeds T, the power dissipation shall be
decreased linearly to zero at a temperature T,

The maximum power dissipation at ambient temperature T in general is calculated as follows:

P 1 U

= X
maxT maxT

where U is the voltage across the thermistor (for 7 see 3.32).

max7’
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The maximum power dissipation can be expressed by the following formula:

r-T,
T,<T<T,: y g =K x
1 2 maxT max 1R T2—T1
y—T
Ty<T<T, Praxt = Brax iy X ———
3 4 max max TR T4— T3
where
TR is the rated ambient temperature (°C);
T, is the temperature (°C) specified in the detail specification below which zero-power shall be applied. 7, is
equal to the lower category temperature 7. .(°C) or higher;
T, is the lowest temperature at which P__ . can be applied. 7, = 0 °C, unless otherwise specified in the detail
specification;
Ty is the maximum temperature at which P__ . can be applied. 7, = 55 °C, unless otherwise specified in the
detail specification;
T, is the temperature (°C) specified in the detail specification, above which zero-power shall be applied. 7, is

equal to, or lower than, the upper category temperature T (°C).

max

Note 2 to entry: Curve b (see Figure 2 b) in 3.28)

The maximum power dissipation is constant between temperature 7, and 7. T, = 0 °C, unless otherwise specified
in the detail specification. When the temperature exceeds T, the power dissipation must be decreased linearly to
zero at a temperature 7,.

The maximum power dissipation at ambient temperature 7 in general is calculated as follows:

P Il U

= X
maxT maxT

where

U is the voltage across the thermistor (for / see 2.2.32).

max7’

The maximum power dissipation can be expressed by the following formula:

TR<T<T, Praxt = Pmaxtg %
4~ IR
where
T is the rated ambient temperature (°C). Ty = 25 °C, unless otherwise specified in the detail specification;
T, is the temperature (°C) specified in the detail specification, above which zero-power shall be applied. 7, is

equal to, or lower than the upper category temperature T (°C).

max

Note 3 to entry: This term is for information only.

3.31
maximum current at ambient temperature of 25 °C

]max25
<inrush current-limiting thermistors> maximum value of current (d.c. or r.m.s. values for Sine
wave shaped a.c.) which can be continuously applied to the thermistor at an ambient

temperature of 25 °C

Note 1 to entry: The maximum power dissipation at ambient temperature of 25 °C (P
P 1 x U, where U is the voltage drop across the thermistor.

max2s) 1S calculated by

max25 = max25

Note 2 to entry: See Curve ¢, T, <25°C < T, or Curve d, T, < Ty = T4 in Figure 3.
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Figure 3 — Maximum current derating

Note 3 to entry: This term is for information only.

3.32
maximum current at ambient temperature T

[maxT
maximum value of the current which can pass continuously through the thermistor at an

ambient temperature T

Note 1 to entry: Curve c (see Figure 3 a) in 3.31)

The maximum current rises at a temperature T, linearly to a temperature 7,. Between temperature 7, and T, the
current is constant. When the temperature exceeds T7,, the current must be decreased linearly to zero at a
temperature 7,.

The maximum current can be expressed by the following formulae:

-

T, <T<T, I'maxr = Imax2s % T,- T
T,<T<T,: I =1 «Ja =T

3 =4 =1y max7 — ‘max25 T47T3
where
T is the ambient temperature (°C);
T, is the temperature (°C) specified in the detail specification, which is equal to the lower category

temperature 7, (°C) or higher;

T, is the ambient temperature at 0 °C, unless otherwise specified in the relevant detail specification;

T, is the ambient temperature at 55 °C, unless otherwise specified in the relevant detail specification;
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4 is the temperature (°C) specified in the detail specification, which is equal to the upper category

temperature 7, .. (°C) or lower.

Note 2 to entry: Curve d (see Figure 3 b) in 3.31)

The maximum current is constant between temperature 7, and 7,. 7, = 0 °C, unless otherwise specified in the
detail specification. When the temperature exceeds T, the current shall be decreased linearly to zero at a
temperature 7,.

The maximum current can be expressed by the following formula:

To<T<T,: Imaxt = Imax2s * %

where

T is the ambient temperature (°C);

T is the rated ambient temperature (°C). Ty = 25 °C, unless otherwise specified in the detail specification;

T, is the temperature (°C) specified in the detail specification, which is equal to the upper category

temperature T

o
max (°C) or lower.

Note 3 to entry: This term is for information only.

3.33

dissipation factor

1)

power dissipation required for a thermistor to raise its temperature by 1 K and which is
generally the ratio of the power dissipation change to the resulting thermistor body
temperature change at a specified ambient temperature

3.34

response time

time required for a thermistor to change its temperature between two defined conditions when
subjected to a change in ambient temperature, power or a combination of temperature and
power

Note 1 to entry: Response time measured in seconds.

Note 2 to entry: Because of the impracticability to measure response time direct, two methods are defined to
measure the thermal time constant direct.

Note 3 to entry: This term is for information only.

3.35

thermal time constant by ambient temperature change

Ta

time required for a thermistor to respond to 63,2 % of an external step change in ambient
temperature in a defined medium

Note 1 to entry: ¢, is measured in seconds.

Note 2 to entry: Step change and medium are specified in the detail specification.

3.36

thermal time constant by cooling after self-heating

Tc

time required for a thermistor to cool by 63,2 % of its temperature excess induced by self-
heating, in a defined medium

Note 1 to entry: t_is measured in seconds.

Note 2 to entry: The medium is specified in the detail specification.
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3.37

heat capacity

Cih

energy the thermistor needs to raise 1 K in temperature
Note 1 to entry: The heat capacity is measured in joules and is calculated by the following formula:
Chn=0xr,0rCy=6xr,

Note 2 to entry: Heat capacity is completely determined by the component design.

Note 3 to entry: This term is for information only.

3.38

voltage current characteristic

relationship between the voltage (d.c., a.c. r.m.s.) across the thermistor and the applied
steady-state current when the thermistor reaches a thermal equilibrium condition in still air or
in the still medium specified in the detail specification, at 25 °C or at the temperature
specified in the detail specification

Note 1 to entry: This term is for information only.

3.39

maximum operating power for limited self-heating,

Par

maximum value of the power dissipation (/,;x U,;) based on the consideration of the sensing
error due to the internal generation of heat (self-heating) of the thermistor, which can be
continuously applied to the thermistor in its practical use

Note 1 to entry: Unless otherwise specified in the detail specification, AT is equal to 1 K. The relationship among

P,p I,pand U, . is expressed by the following formulae:
Pyp =0 x AT
OxAT
Irp =
AT Ry
Unr = Ry x (6 x AT)
where
P, is the maximum operating power for limited self-heating;
) is the dissipation factor;
AT is the temperature rise of the thermistor due to its internal generation of heat;
I, is the permissible operating current;
Upr is the permissible operating voltage;
R, is the value of resistance at temperature T .

Note 2 to entry: This term is for information only.
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4 General items

4.1 Units and symbols

Units, graphical symbols, letter symbols and terminology should, whenever possible, be taken
from the following International Standards:

- |EC 60027-1;

— |EC 60050;

- IEC 60617;

— SO 80000-1:2009.

When further items are required, they should be derived in accordance with the principles of
the International Standards listed above.

4.2 Preferred values and appropriate category
4.21 General

Preferred climatic categories only shall be given in the preferred values.

4.2.2 Appropriate category

The thermistors covered by this part of IEC 60539 are classified into climatic categories
according to the general rules given in IEC 60068-1:2013, Annex A.

The upper and lower category temperatures and the duration of the damp heat, steady state
test shall be selected from Table 1.

Table 1 — Lower and upper category temperatures and duration of
the damp heat, steady state test

Lower category temperature -90, -80, -65, -55, -40, -25, -10, -5, +5
°C
Upper category temperature 30, 40, 55, 70, 85, 100, 105, 125, 150, 155, 175, 200,
oc 250, 315, 400, 500, 630, 800, 1 000
Duration of the damp heat, steady state test 4,21,42, 56
d

The detail specification shall prescribe the appropriate category.

4.3 Marking
4.3.1 General

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

a) nominal zero-power resistance;

b) manufacturer's name and/or trade mark;

c) date of manufacture;

d) tolerance on nominal zero-power resistance;

e) the number of the detail specification and style.
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The packaging containing the thermistor(s) shall be clearly marked with all the information
listed above.

Any additional marking shall be so applied that no confusion can arise.

4.3.2 Marking for small size types such as surface mount thermistors

Small size types such as surface mount thermistors are generally not marked on the body. If
some marking can be applied, small size types shall be clearly marked with as many as
possible of the above items as is considered useful. Any duplication of information in the
marking on the thermistor should be avoided.

4.3.3 Coding

Where coding for resistance value, tolerance or date is used, the method shall be one
selected from those given in IEC 60062.

4.4 Quality assessment procedures

See Annex Q.

5 Test and measurement procedures

5.1 General

The sectional and/or blank detail specifications shall contain tables showing the tests to be
performed, which measurements are to be made before and after each test or subgroup of
tests, and the sequence in which they shall be carried out. The stages of each test shall be
carried out in the order written. The measuring conditions shall be the same for initial and
final measurements.

If national specifications within any quality assessment system include methods other than
those specified in the sectional and/or blank detail specifications, they shall be fully described.

5.2 Standard atmospheric conditions for testing

Unless otherwise specified, all tests and measurements shall be made under standard
atmospheric conditions for testing as given in IEC 60068-1:2013, 4.3:

— temperature: 15 °C to 35 °C;
— relative humidity: 25 % to 75 %;
— air pressure: 86 kPa to 106 kPa.

Before the measurements are made, the thermistor shall be stored at the measuring
temperature for a time sufficient to allow the entire thermistor to reach this temperature. The
same period as is prescribed for recovery at the end of a test is normally sufficient for this
purpose.

During measurements, the thermistor shall not be exposed to draughts, direct sun-rays or
other influences likely to cause error.

When measurements are made at a temperature other than the specified temperature, the
results shall, when necessary, be corrected to the specified temperature. The ambient
temperature during the measurements shall be stated in the test report.

When tests are conducted in a sequence, the final measurements of one test may be taken as
the initial measurements for the succeeding test.
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5.3 Drying and recovery
5.3.1 Drying

Where drying is called for in the specification, the thermistor shall be conditioned before
measurement is made, using procedure 1 or procedure 2 as called for in the detail
specification.

a) Procedure 1

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

b) Procedure 2
For96 h+4 hin an oven at 100 °C £ 5 °C.

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

5.3.2 Recovery

Unless otherwise specified, recovery shall take place under the standard atmospheric
conditions for testing (5.2). If recovery has to be made under closely controlled conditions, the
controlled recovery conditions of IEC 60068-1:2013, 4.4.2, shall be used.

5.4 Mounting (for surface mount thermistors only)
54.1 General

Surface mount thermistors shall be fixed on to the printed wiring board with wave soldering or
reflow soldering as specified in 5.4.2 and 5.4.3.

5.4.2 Substrate and pad
The printed wiring boards that mount the thermistors shall fulfil the following requirements.

a) The substrate material shall normally be a 1,6 mm thick epoxide woven glass fabric
laminated printed board (as defined in IEC 61249-2-7) or a 0,635 mm alumina substrate
and shall not affect the result of any test or measurement. The detail specification shall
indicate which material is to be used for the electrical measurements.

b) The substrate shall have metallized land areas of proper spacing to permit mounting of
surface mount thermistors and shall provide electrical connection to the surface mount
thermistor terminals. The details shall be specified in the detail specification.

If another method of mounting applies, the method shall be clearly specified in the detail
specification.

5.4.3 Mounting on board
5.4.3.1 General

The thermistors shall be fixed on to the printed wiring board by the method specified 5.4.3.2
or 5.4.3.3.

5.4.3.2 Solder bath method

When the detail specification specifies wave soldering, the following mounting procedure
applies.

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

c) The substrate with the surface mount thermistors shall be heat-treated in an oven at
100 °C for 15 min.

d) 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 130 °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 (two cycles in total).

e) The substrate shall be <cleaned for 3 min in a suitable solvent (see
IEC 60068-2-45:1980/AMD1:1993, 3.1.2).

5.4.3.3 Reflow method

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 solder together with a non-activated flux as stated in IEC 60068-2-20. Alternative
solders such as 60/40 or 63/37 may be used on surface mount thermistors the
construction of which includes solder leach barriers. The Pb-free solder used in preform or
paste form shall be Sn96,5-Ag3,0-Cu0,5 or derivative solder together with a flux as stated
in IEC 60068-2-58.

b) The surface mount thermistor shall then be mounted as follows.
1) Mount the preform solder on the land with an appropriate method.

2) Apply the solder paste on the land with an appropriate method. Set the thermistor in
between the land part of the printed wiring board. If using the preform solder, apply
flux to the soldering part with an appropriate method.

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

d) Flux shall be removed by a suitable solvent (see IEC 60068-2-45:1980/AMD1:1993, 3.1.2).
All subsequent handling shall be such as to avoid contamination. Care should be taken to
maintain cleanliness in test chambers and during post test measurements.

e) In the case of using reflow soldering, the following apply.
1) The detail specification may require a more restricted temperature range.

2) If vapour phase soldering is applied, the same method may be used with the
temperatures adapted.

5.5 Visual examination and check of dimensions
5.5.1 Visual examination
5.5.1.1 General

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

5.5.1.2 Marking

Marking shall be legible as determined by visual examination.
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5.5.2 Dimensions
5.5.2.1 Gauging

The dimensions indicated in the detail specification as being suitable for gauging shall be
checked and shall comply with the values prescribed in the detail specification.

Where applicable, measurements shall be made in accordance with IEC 60294 or IEC 60717.

5.5.2.2 Detail

All dimensions prescribed in the detail specification shall be checked and they shall comply
with the values prescribed.

5.6 Zero-power resistance
5.6.1 General

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

5.6.2 Measurement procedures

The thermistors shall be subjected to the procedures of the zero-power resistance as follows.

a) The thermistors shall be mounted by their normal means in corrosion-resistant clips on a
mounting plate made of an appropriate insulating material.

b) The thermistors shall then be deeply inserted into a measurement bath containing a non-
corrosive and non-reducing medium, close to the thermometer and for a length of time
needed to reach a stable reading of the zero-power resistance.

c) The zero-power resistance shall be measured according to the basic circuit of Figure 4.
d) Implementation all measurements shall be made without self-heating of the devices (zero-
power condition).

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

R
c/c [ .
I

RS
Variable / m
stabilized d.c. / A
power N U

R, 2,

IEC

Figure 4 — Basic circuit for zero-power resistance measurement

5.6.3 Requirements

The zero-power resistance shall be within the specified tolerance.
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5.7 B-value or resistance ratio

5.71 General

Calculate the B-value (see 3.22) or the resistance ratio (see 3.21) using zero-power
resistance values measured at 25 °C and 85 °C (or at such other pairs of temperatures as
may be prescribed in the detail specification) using the method specified in 5.6.

5.7.2 Requirements

The B-value or the resistance ratio shall be within the specified tolerance.

5.8 Insulation resistance (for insulated types only)
5.8.1 General

The insulation resistance of the protective coating shall be measured as specified in the detail
specification. The exposed electrode of the thermistor and the other pole shall be a sufficient
distance from each other so as not to be short circuited directly.

5.8.2 Test methods

According to the instructions given in the detail specification, one of the following test
methods is used.
a) Method 1

The non-insulated parts of the thermistor shall be wrapped in a good insulating material.
The thermistor is placed in a vessel containing metallic balls of 1,6 mm + 0,2 mm diameter
or 1,0 mm + 0,2 mm diameter, so that only the metallized part is immersed. The metal of
the balls shall be such that it does not develop a resistive surface.

An example of Method 1 is shown in Figure 5.

An electrode is placed in the metallic balls.

Thermistor under test

a

O o [@)
fop 0000%
OOO 5 (ONe) o
50 o 07000
008 0900
50 < 0 Q00
5° 950 00
00 ©5 -9
o“009 09500
000 [oNe) oOOoO
595000 0.0 L %0
000 8 ©0009,°0 0 "0
0~0",00° o 0000

Metallic balls
IEC

Figure 5 — Example of Method 1 for testing the insulation resistance

b) Method 2

The thermistor shall be placed in water (<100 Q-m), so that only the insulated part is
immersed.

An example of Method 2 is shown in Figures 6 and 7.
An electrode is immersed in the solution.
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Figure 6 — Example of Method 2 for testing the insulation resistance (1)
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Figure 7 — Example of Method 2 for testing the insulation resistance (2)

c) Method 3
A metal foil shall be wrapped closely around the body of the thermistor.

For those types not having axial terminations, a space of 1 mm to 1,5 mm shall be left
between the edge of the foil and each termination. For those types having axial
terminations, the foil shall be wrapped round the whole body of the thermistor protruding
by at least 5 mm from each end, provided that the minimum space of 1 mm between the
foil and the termination can be maintained. The ends of the foil shall not be folded over the

ends of the thermistor.
An example of Method 3 is shown in Figure 8.
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Dimensions in millimetres

Metal foil

IEC

Figure 8 — Example of Method 3 for testing the insulation resistance

d) Method 4

The thermistor shall be clamped in the trough of a 90° metallic V-block of such a size that
the thermistor body does not extend beyond the extremities of the block.

The clamping force shall be such as to maintain adequate contact between the thermistor
and the block.

The thermistor shall be positioned in the V-block in accordance with the following.

For cylindrical thermistors: the thermistor shall be positioned in the block so that the
termination furthest from the axis of the thermistor is nearest to one of the faces of the
block.

For rectangular thermistors: the thermistor shall be positioned in the block so that the
termination nearest to the edge of the thermistor is nearest to one of the faces of the
block.

For cylindrical and rectangular thermistors with axial leads: any out-of-centre
positioning of the point of emergence of the terminations from the body shall be
ignored.

An example of Method 4 is shown in Figure 9.

V — block Thermistor under test

IEC

Figure 9 — Example of Method 4 for testing the insulation resistance

e) Method 5
The thermistor shall be clamped between metal plates. The clamping force shall be such
as to maintain adequate contact between the thermistor and the plates.

f) Method 6
The thermistor is insulated from the accessory (mounting bracket, flange, and other) which
is one pole.

5.8.3 Applied voltage

Unless otherwise specified in the detail specification, the insulation resistance shall be
measured with a direct voltage of 500 V + 15 V between both terminations of the thermistor
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connected together as one pole and the metallic balls, the water (<100 Q-m), metal foil,
V-block, metal plates or accessory 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.

5.8.4 Requirements

When thermistors are measured as specified, the insulation resistance shall be not less than
the appropriate figure specified in the detail specification.

5.9 Voltage proof (for insulated types only)
5.9.1 General

The thermistors are tested as specified in 5.9.2. As required by the detail specification. One of
the test methods given in 5.8.2 shall be used.

5.9.2 Test voltage

The applied voltage shall be that specified in the applicable safety document.

In the absence of a safety document, an alternating voltage with a frequency of 50 Hz or
60 Hz and with a peak value of 1,4 times the isolation voltage specified in the detail
specification shall be applied for 60 s +5s between all terminations of the thermistor
connected together as one pole and the metallic balls, the metal foil, the V-block, the metal
plates, the accessory or the clean water as the other pole.

The voltage shall be applied gradually at a rate of approximately 100 V/s. The test time may
be reduced to 1 s provided the test voltage is increased by 20 %.

59.3 Requirements

There shall be no breakdown or flashover.

5.10 Resistance/temperature characteristic
5.10.1 General

The method of test shall be as described in 5.10.2.

5.10.2 Test methods

The measuring temperature shall be selected from those given in Table 1 and the
resistance/temperature characteristic shall be measured using the method described in 5.6.2.

5.10.3 Requirements

The resistance/temperature characteristic shall be within the limits specified in the detail
specification.

5.11 Dissipation factor (6)
5.11.1 General

The method of test shall be as described in 5.11.3.
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5.11.2 Initial measurements

The zero-power resistance shall be measured at the temperature T,, which is equivalent to
85 °C + 0,1 °C, unless otherwise prescribed in the detail specification, and shall be recorded.

5.11.3 Test methods

Unless otherwise prescribed in the detail specification, the thermistors with wire terminations
shall be gripped by clips 25 mm + 1,5 mm from the body of the thermistor.

Thermistors with other than wire terminations shall be supported by clips, if practicable,
according to Annex C. Any exceptions to this shall be fully described in the detail specification.

The clips carrying the thermistors shall then be enclosed in a chamber having a volume at
least 1 000 times that of the thermistors under test. The wires shall be so positioned that no
thermistor is within 75 mm of any other thermistor, or the walls of the chamber (see Figure 10).

Dimensions in millimetres

300, A hole to mount a thermometer
300 ., 300 ‘/
300 A hole to mount the thermistor under test
#| | 200 100 —
< ghing
) — i
Y
o
o
™
o
o
©
|
\
\\ Location of the sensing element
of the thermistor under test
i

IEC

Figure 10 — Example of test chamber

The air in the chamber shall be stationary and shall be at a temperature of 25 °C + 5 °C. The
thermistors shall be connected in the circuit as shown in Figure 11.

The high impedance voltmeter and the ammeter shall have an accuracy better than 1 %.
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Figure 11 — Dissipation factor measuring circuit

The current Iy, shall be adjusted until the ratio Ury/I1, is within 5 % of the zero-power
resistance value at 7,. When stable readings have been achieved, the values of Uy}, and I3,
shall be recorded.

The dissipation factor (o) shall be calculated using the following formula:

o= (UTh X[Th)/(Tb_ZS) W/OC

where
Ty is 85 °C, unless otherwise specified in the detail specification;
Ut,, is measured in volts;

Iy,  is measured in amperes.
5.11.4 Requirements

The dissipation factor shall be within the limits prescribed in the detail specification.

5.12 Thermal time constant by ambient temperature change (7,)
5.12.1 General

The method of test shall be as described below.

5.12.2 Initial measurements

The zero-power resistance shall be measured as prescribed in 5.6 at the temperature T;
followed by the same measurement at T,. The temperature T; is calculated as follows:

where
T, is (273,15 + 85) K, unless otherwise specified in the detail specification;
T

5 18 (273,15 + 25) K, unless otherwise specified in the detail specification.

Measurements shall be recorded.
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5.12.3 Preconditioning

The thermistor shall be immersed in a medium with a temperature T, and allowed to reach the
medium temperature.

5.12.4 Test methods

The thermistor shall be transferred rapidly to a medium with a temperature 7,. The time it
takes for the thermistor to reach the zero-power resistance at T, shall be measured.

The resulting time is the thermal time constant by ambient temperature change.

5.12.5 Final measurements and requirements

The thermal time constant by ambient temperature change shall be within the limits specified
in the detail specification.

5.12.6 Requirements

The medium used in 5.12.2 and 5.12.3, the temperature tolerance on T, and T}, air (flow rate)
or liquid (flow rate and viscosity) shall be defined in the detail specification.

NOTE This method is not suitable for miniature thermistors because the change of temperature during transfer
from the first to the second medium can lead to a considerable measuring error.

5.13 Thermal time constant by cooling after self-heating (7;)
5.13.1 General

The method of test shall be as described below.

5.13.2 Initial measurements

The zero-power resistance shall be measured as prescribed in 5.6 at the temperatures
T, = (358,15 £ 2) K, T, = (298,15 = 2) K and T, which is calculated as follows:

Ti = Tb_ (Tb— Ta) X 0,632
Measurements shall be recorded.
Other values for 7, and T, may be specified in the detail specification.

5.13.3 Preconditioning

Unless otherwise prescribed in the detail specification, the thermistor shall be mounted and
enclosed in a chamber as described in 5.11.2. Before insertion in the chamber, the thermistor
shall be connected in the circuit shown in Figure 12.

The high-impedance voltmeter and the ammeter shall have an accuracy better than 1 %. The
resistance measuring equipment shall have an accuracy of 0,1 % or better.
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Figure 12 — Thermal time constant measuring circuit

5.13.4 Test method

The method of measurement shall be as described below.

With contacts AA closed, the current /g, shall be adjusted until the ratio Uy, /I, is within 60 %
to 80 % of the zero-power resistance at T}, and stable readings have been achieved.

Throw switch to close contacts BB and start the timing when the zero-power resistance meets
the conditions as described above. Stop timing when the zero-power resistance at 7, is
reached.

The elapsed time between start and stop is the thermal time constant.

5.13.5 Final measurements and requirements

The thermal time constant shall meet the limits prescribed in the detail specification.

The medium used in 5.13.2 and 5.13.3, the temperature tolerance on 7T, and T, air (flow rate)
or liquid (flow rate and viscosity) shall be defined in the detail specification.

5.14 Robustness of terminations (not applicable to surface mount thermistors)
5.14.1 General

The method of test shall be as described below.

5.14.2 Initial measurements

The appropriate parameter(s) given in the detail specification shall be measured and shall be
recorded.
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5.14.3 Test methods

The thermistors shall be subjected to the procedure of Tests Ua;, Ub and Uc of
IEC 60068-2-21 as appropriate.

Tests Ub and Uc shall not be applied if the detail specification describes the terminations as
rigid.
5.14.4 Test Ua, — Tensile

Unless otherwise specified in the detail specification, the force to be applied for 10 s shall be
as follows.

— For all types of terminations except wire terminations: 20 N.
— For wire terminations: see Table 2.

Table 2 — Tensile force

Nominal cross-sectional Corresponding diameter (d) Force with tolerance of £10 %
area (S) @ for circular-section wires
mm? mm N
§<0,05 d <0,25 1
0,05 < S<0,1 0,25 <d <0,35 2,5
0,1<85<0,2 0,35<d<0,5 5
0,2<85<0,5 0,5<d<0,8 10
0,5<85<1,2 0,8<d<1,25 20
1,2<S 1,25 <d 40
2  For circular-section wires, strips or pins, the nominal cross-sectional area is equal to the value calculated
from the nominal dimension(s) given in the relevant specification. For stranded wires, the nominal cross-
sectional area is obtained by taking the sum of the cross-sectional areas of the individual strands of the
conductor specified in the relevant specification.

5.14.5 Test Ub - Bending (half the number of terminations)

Two consecutive bends shall be applied (method 1).

5.14.6 Test Uc — Torsion (remaining terminations)

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

5.14.7 Final measurements and requirements

After each of these tests the thermistors shall be visually examined. There shall be no visible
damage.

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.

5.15 Resistance to soldering heat
5.15.1 General

The method of test shall be as described below.
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5.15.2 Preconditioning

When prescribed in the relevant specification the thermistors shall be dried using the method
of 5.3.1

The thermistors shall be measured as prescribed in the relevant specification.

5.15.3 Test procedure

Unless otherwise stated in the relevant specification, one of the following tests as set out in
the same specification shall be applied.

The test conditions shall be defined in the relevant specification.

a) For all thermistors except those of items b) and c) below:
IEC 60068-2-20, Test Tb, Method 1 (solder bath).

b) For thermistors not designed for use in printed boards, but with connections intended for
soldering as indicated in the detail specification:

1) IEC 60068-2-20, Test Tb, Method 1 (solder bath);

2) IEC 60068-2-20, Test Tb, Method 2 (soldering iron ).
c) For surface mounting thermistors:

IEC 60068-2-58, reflow or solder bath method.

5.15.4 Recovery

The period of recovery shall, unless otherwise specified in the detail specification, be not less
than 1 h or more than 2 h, except for surface mount thermistors, for which the period of
recovery shall be 24 h + 2 h.

5.15.5 Final inspection, measurement and requirements
For all thermistors, except surface mount thermistors, the following shall apply.

— When the test has been carried out, the thermistors shall be visually examined.
— There shall be no visible damage and the marking shall be legible.
— The thermistors shall then be measured as prescribed in the relevant specification.

Surface mount thermistors shall be visually examined and measured and shall meet the
requirements as prescribed in the relevant specification.

5.16 Solderability
5.16.1 General

Not applicable to those terminations which are described as “not designed for soldering” in
the detail specification

The relevant specification should prescribe whether ageing is to be applied. If accelerated
ageing is required, one of the ageing procedures given in IEC 60068-2-20 should be applied.

Unless otherwise stated in the relevant specification, the test should be carried out with non-
activated flux.

5.16.2 Test procedure

Unless otherwise stated in the relevant specification, one of the following tests as set out in
the same specification shall be applied.
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The test conditions shall be defined in the relevant specification.

a) For all thermistors except those of items b) and c) below:
1) IEC 60068-2-20, Test Ta, Method 1 (solder bath)

Depth of immersion (from the seating plane or component body): 2,0 mm, using a
thermal insulating screen of 1,5 mm £ 0,5 mm thickness;

2) IEC 60068-2-20, Test Ta, Method 2 (soldering iron);
3) IEC 60068-2-54.

b) For thermistors not designed for use in printed boards, but with connections intended for
soldering as indicated in the detail specification:

1) IEC 60068-2-20, Test Ta, Method 1 (solder bath)
Depth of immersion (from the seating plane or component body): 3,5mm;
2) IEC 60068-2-20, Test Ta, Method 2 (soldering iron ).
c) For surface mounting thermistors:
1) IEC 60068-2-58, reflow or solder bath method;
2) IEC 60068-2-69, solder bath or solder globule method.

5.16.3 Final inspection, measurements and requirements

The terminations shall be examined for good tinning as evidenced by free flowing of the
solder with wetting of the terminations.

The thermistors shall meet the requirements as prescribed in the relevant specification.

5.17 Rapid change of temperature
5.17.1 General

The method of test shall be as described below.

5.17.2 Initial measurements

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

5.17.3 Test procedures
The thermistors shall be subjected to the procedure of Test Na of IEC 60068-2-14 as follows.

— The lower temperature T shall be the lower category temperature.

— The higher temperature T shall be the upper category temperature.

— The number of cycles shall be selected from: 5, 10, 25, 50, 100, 500 and 1 000.

— The medium of the test chamber, if different from air, shall be specified in the detail
specification.

5.17.4 Final inspection, measurements and requirements

The thermistors 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 using the
method specified. The change in value compared with that measured in 5.17.2 shall not
exceed the limit specified in the detail specification.
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For insulated types, the insulation resistance shall be measured according to 5.8 and shall be
not less than that specified in the detail specification.

5.18 Vibration
5.18.1 General

The method of test shall be as described below.

5.18.2 Initial measurements

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

5.18.3 Test procedures

The thermistors shall be securely mounted by their terminations and/or by their normal
mounting means, as defined in the detail specification.

The design of the thermistor may be such that special mounting fixtures are required in its use.

In this case, the detail specification shall describe the mounting fixtures and they shall be
used in the performance of the vibration, bump and shock tests.

The thermistors shall be subjected to the procedure of Test Fc of IEC 60068-2-6, using the
degree of severity given in the detail specification.

During the last hour of vibration in each direction of movement, an electrical measurement
shall be made to determine intermittent contact, open circuit or short-circuit as defined in the
detail specification. Detecting equipment shall be sufficiently sensitive to detect an
interruption.

5.18.4 Final inspection, measurements and requirements

After the test the thermistors shall be visually examined. There shall be no visible damage.

The appropriate parameters given in the relevant detail specification shall be measured using
the method specified. The change in value compared to the initially measured value shall not
exceed the limit specified in the detail specification.

5.19 Shock
5.19.1 General

The method of test shall be as described below.

5.19.2 Initial measurements

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

5.19.3 Mounting

Mounting shall be as specified in 5.18.2.

5.19.4 Test procedures

The thermistors shall be subjected to the procedure of Test Ea of IEC 60068-2-27 using the
appropriate degree of severity as specified in the detail specification.
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5.19.5 Final inspection, measurements and requirements

After the test the thermistors shall be visually examined. There shall be no visible damage.

The appropriate parameters given in the relevant detail specification shall be measured using
the method specified. The change in value compared to the initially measured value shall not
exceed the limit specified in the detail specification.

5.20 Free fall
5.20.1 General

The method of test shall be as described below.

5.20.2 Initial measurements

The appropriate parameters given in the relevant detail specification shall be measured using
the method specified and recorded.

5.20.3 Test procedures
The thermistors shall be subjected to the Procedure 1 of IEC 60068-2-31.

5.20.4 Final inspection, measurements and requirements

After the test, the thermistors shall be visually examined. There shall be no visible damage.

The appropriate parameters given in the relevant detail specification shall be measured using
the method specified. The change in value compared to the initially measured value shall not
exceed the limit specified in the detail specification.

5.21 Thermal shock
5.21.1 General

The method of test shall be as described below.

5.21.2 Initial measurements

The appropriate parameters given in the relevant detail specification shall be measured using
the method specified and recorded.

5.21.3 Test procedures
The thermistors shall be subjected to the procedure of Test Nc of IEC 60068-2-14 as follows.

— The lower temperature T, shall be the lower category temperature.
— The higher temperature T shall be the upper category temperature.

— The duration of immersion ¢, and transition time ¢, shall be specified in the detalil
specification.

— The number of cycles shall be selected from: 5, 10, 25, 50 and 100.

— The medium of the test bath, if different from water or oil, shall be specified in the detail
specification.

5.21.4 Final inspection, measurements and requirements

After the test the thermistors shall be visually examined. There shall be no visible damage.
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The appropriate parameters given in the relevant detail specification shall be measured using
the method specified. The change in value compared to the initially measured value shall not
exceed the limit specified in the detail specification.

5.22 Cold
5.22.1 General

The method of test shall be as described below.

5.22.2 Initial measurements

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

5.22.3 Test procedures
The method of test shall be as described below.

a) Method 1

The thermistors for sensing application shall be subjected to the procedure of Test Ab of
IEC 60068-2-1 using the degree of severity of the lower category temperature as
prescribed in the detail specification. The lower category temperature shall be selected
from Table 1 and the duration of the test shall be selected from 2 h, 16 h, 72 h, 96 h,
168 h, 250 h, 500 h and 1 000 h.

The specimen may be loaded in the test chamber under any temperature between the test
room temperature and the lower category temperature.

b) Method 2

The thermistors for other applications shall be subjected to the procedure of Test Ad of
IEC 60068-2-1 using the degree of severity of the lower category temperature as
prescribed in the detail specification. The lower category temperature shall be selected
from Table 1 and the duration of the test shall be selected from 2 h, 16 h, 72 h, 96 h,
168 h, 250 h, 500 h and 1 000 h.

5.22.4 Final inspection, measurements and requirements

The thermistors 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 using the
method specified. The change in value compared with that measured in 5.22.2 shall not
exceed the limit specified in the detail specification.

For insulated types, the insulation resistance shall be measured according to 5.8 and shall be
not less than that specified in the detail specification.

5.23 Dry heat
5.23.1 General

The method of test shall be as described below.

5.23.2 Initial measurements

The appropriate parameter(s) given in the detail specification shall be measured using the
method specified and shall be recorded.
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5.23.3 Test procedures
The method of test shall be as described below.

a) Method 1

The thermistors for sensing application shall be subjected to the procedure of Test Bb of
IEC 60068-2-2 using the degree of severity of the upper category temperature as
prescribed in the detail specification. The upper category temperature shall be selected
from Table 1 and the duration of the test shall be selected from: 2 h, 16 h, 72 h, 96 h,
168 h, 250 h, 500 h and 1 000 h.

The specimen may be loaded in the test chamber under any temperature between the test
room temperature and the lower category temperature.

b) Method 2

The thermistors for other applications shall be subjected to the procedure of Test Bd of
IEC 60068-2-2 using the degree of severity of the upper category temperature as
prescribed in the detail specification. The upper category temperature shall be selected
from Table 1 and the duration of the test shall be selected from: 2 h, 16 h, 72 h, 96 h,
168 h, 250 h, 500 h and 1 000 h.

5.23.4 Final inspection, measurements and requirements

The thermistors 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 using the
method specified. The change in value compared with that measured in 5.23.2 shall not
exceed the limit specified in the detail specification.

For insulated types, the insulation resistance shall be measured according to 5.8 and shall be
not less than that specified in the detail specification.

5.24 Damp heat, steady state
5.24.1 General

The method of test shall be as described below.

5.24.2 Initial measurements

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

5.24.3 Test procedures
The method of test shall be as described below.

a) Method 1

Non-insulated thermistors shall be subjected to the procedure of Test Cab of
IEC 60068-2-78 using the severity corresponding to the climatic category of the thermistor
as given in the detail specification.

b) Method 2

For insulated types the same procedure shall be applied and the test voltage specified in
the detail specification, which is based on the consideration of its practical use situation,
should be applied.
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5.24.4 Recovery

At the end of this period the thermistors shall be removed from the chamber and shall then be
subjected to recovery according to 5.3.2.

5.24.5 Final inspection, measurements and requirements

The thermistors shall be visually examined. There shall be no visible damage and the marking
shall be legible.

The following characteristics of the NTC thermistors shall be measured and conformed.

a) Non-insulated thermistors

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

b) For insulated types
The change in value compared with that measured initially shall not exceed that
prescribed in the detail specification.

For insulated types, the insulation resistance shall be measured according to 5.8 and shall be
not less than that specified in the detail specification. The thermistors shall withstand the
voltage proof test as defined in 5.9 without breakdown or flashover.

5.25 Endurance
5.25.1 General

The method of test shall be as described below.

5.25.2 Endurance at room temperature with applied continuous maximum current
(Imax2s) (for inrush current-limiting thermistors only)

5.25.2.1 General

The method of test shall be as described below.

5.25.2.2 Initial measurements

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

5.25.2.3 Test procedures
The following apply.

a) The thermistors shall be connected in the circuit shown in Figure 13.

b) The thermistors shall be connected so that their terminations have an effective length of
20 mm to 25 mm, unless otherwise specified in the relevant 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.

c) The thermistors shall be subjected to an endurance test of 42 d (1 000 h) at ambient
temperature of between 15 °C and 35 °C. The temperature shall remain within +5 °C of
that at the beginning of the test.

d) The current I,,,25 shall be adjusted.

e) After 168 h, 500 h and 1 000 h, the load shall be removed and the thermistors allowed to
recover according to 5.3.2. After intermediate measurements, the thermistors shall be
returned to the conditions of test. The interval between the removal from, and the return to,
the conditions of test for any thermistor shall not exceed 12 h.
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Figure 13 — Endurance at room temperature with I,,,,,5 evaluating circuit

5.25.2.4 Final inspection, measurements and requirements

The thermistors shall then 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 using the
method specified. The change compared with the value(s) measured in 5.25.2.2 shall not
exceed the limit specified in the relevant detail specification.

5.25.3 Endurance at room temperature with applied cyclic maximum current (I,;,,,25)
(for inrush current-limiting thermistors only)

5.25.3.1 General

The method of test shall be as described below.

5.25.3.2 Initial measurements

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

5.25.3.3 Test procedures
The following apply.

a) The thermistors shall be connected in the circuit shown in Figure 13.

b) The thermistors shall be connected so that their terminations have an effective length of
20 mm to 25 mm, unless otherwise specified in the relevant 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 thermistors.

c) The thermistors shall be subjected to an endurance test of 1 000 cycles at an ambient
temperature of between 15 °C and 35 °C. The temperature shall remain within +5 °C of
that at the beginning of the test.

d) The current /, ,,-5 shall be adjusted.
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e) The power shall be applied intermittently 1 min on and 5 min off, for 1 000 cycles, unless
otherwise specified in the relevant detail specification.

The cycles shall start with the thermistors cooled down to room temperature and shall end
with the thermistors dissipating electrical power (P,5525)-

This means that each cycle should cover the portion of the R/T-curve between room
temperature and electrical power dissipation (P,5x25)-

f) After approximately 500 cycles and 1 000 cycles, the load shall be removed and the
thermistors allowed to recover according to 5.3.2.

After intermediate measurements, the thermistors shall be returned to the conditions of
test. The interval between the removal from, and the return to the conditions of test for any
thermistor shall not exceed 12 h.

5.25.3.4 Final inspection, measurements and requirements

The thermistors shall then 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 then be measured using
the method specified. The change compared with the value(s) measured in 5.25.3.2 shall not
exceed the limit specified in the relevant detail specification.

5.25.4 Endurance at T3 and P .,
5.25.4.1 General

The method of test shall be as described below.

5.25.4.2 Initial measurements

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

5.25.4.3 Test procedures
The following apply.

a) The thermistors shall be placed in the chamber in such a manner that their temperatures
remain within the specified limits. The chamber shall meet the requirements of that
specified for Test Bb of IEC 60068-2-2.

b) The thermistors shall be placed in a test chamber and subjected to the temperature
T3+ 2 °C (see Figure 2) for 42 d (1 000 h) and at dissipation P .

c) After 168 h and 500 h the thermistors shall be removed from the chamber and allowed to
recover under standard atmospheric conditions of testing for not less than 1 h and not
more than 2 h.

The appropriate parameter(s) given in the detail specification shall then be measured
using the method specified. The change compared with the value(s) measured in 5.25.4.2
shall not exceed the limit specified in the relevant detail specification.

After intermediate measurements, the thermistors shall be returned to the conditions of
test. The interval between the removal from, and the return to, the conditions of test for
any thermistor shall not exceed 12 h.

d) After 1 000 h + 48 h, the thermistors shall be removed and allowed to recover under
standard atmospheric conditions for a period of 1 h to 2 h.

5.25.4.4 Final inspection, measurements and requirements

The thermistors shall be visually examined. There shall be no visible damage and the marking
shall be legible.
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The appropriate parameter(s) given in the detail specification shall then be measured using
the method specified. The change compared with the value(s) measured in 5.25.4.2 shall not
exceed the limit specified in the relevant detail specification.

5.25.5 Endurance at upper category temperature
5.25.5.1 General

The method of test shall be as described below.

5.25.5.2 Initial measurements

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

5.25.5.3 Test procedures
The following apply.

a) The thermistors shall be placed in the chamber in such a manner that their temperatures
remain within the specified limits. The chamber shall meet the requirements of that
specified for Test Bb of IEC 60068-2-2.

b) The thermistors shall be placed in a test chamber and subjected to the upper category
temperature + 2 °C for 42 d (1 000 h) and at zero dissipation.

c) After 168 h and 500 h, the thermistors shall be removed from the chamber and allowed to
recover under standard atmospheric conditions of testing for not less than 1 h and not
more than 2 h.

The appropriate parameter(s) given in the detail specification shall then be measured
using the method specified. The change compared with the value(s) measured in 5.25.5.2
shall not exceed the limit specified in the relevant detail specification.

After intermediate measurements, the thermistors shall be returned to the conditions of
test. The interval between the removal from, and the return to, the conditions of test for
any thermistor shall not exceed 12 h.

d) After 1000 h +48 h, the thermistors shall be removed and allowed to recover under
standard atmospheric conditions for a period of 1 h to 2 h.

5.25.5.4 Final inspection, measurements and requirements

The thermistors 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 then be measured using
the method specified. The change compared with the value(s) measured in 5.25.5.2 shall not
exceed the limit specified in the relevant detail specification.

5.25.6 Maximum permissible capacitance (for inrush current-limiting thermistors only)
5.25.6.1 General

The method of test shall be as described below.

5.25.6.2 Initial measurements

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

Thermistors shall be connected so that their terminations have an effective length of 20 mm to
25 mm, unless otherwise specified in the relevant 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 thermistors.

According to the instructions given in the detail specification, one of the following test
methods shall be used.

a)

Key
U,
o
R

-

—

S

U,

b)

Method 1

The capacitor C (see test circuit, Figure 14) specified in the detail specification, shall be
discharged across a series fixed resistor and the thermistor. The charge voltage is chosen
so that the voltage applied to the thermistor at the beginning of discharge is 180 V/375 V,

corresponding to (110 V/230 V + AU ) x +/2 .
The capacitor shall be discharged 1 000 times at an ambient temperature of between

15 °C and 35 °C. The temperature shall remain within £2 °C of that at the beginning of the
test.

oo oo

IEC

load voltage
capacitor
fixed resistor (R, = 1 Q)
voltage drop across the NTC thermistor
Figure 14 — Maximum permissible capacitance test circuit (Method 1)
Method 2

The capacitance of capacitor C; (see test circuit, Figure 15) shall be adjusted to the
maximum permissible capacitance. The value of Rp shall be 10 times greater than the
nominal zero-power resistance of the thermistor, unless otherwise specified in the detail
specification. The load voltage to the test circuit is 156 V/325V, corresponding to

(110 V/230 V) x 2 , unless otherwise specified in the detail specification.

The power shall be applied intermittently: One cycle consists of power on for 50 ms,
unless otherwise specified, and off for five times the thermal time constant. 1 000 cycles
shall be given to the thermistor at an ambient temperature of between 15 °C and 35 °C.

The phase of power shall be adjusted to 90° or 270°, unless otherwise specified in the
relevant detail specification. The temperature shall remain within +2 °C of the temperature
at the beginning of the test.
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Thyristor

N 5 cr U Rp
: [

90° or 270°

O

IEC
Key

U, load voltage

C; capacitor

R fixed resistor

P
Figure 15 — Maximum permissible capacitance test circuit (Method 2)
5.25.6.4 Intermediate measurement

After 500 cycles and 1 000 cycles, the load shall be removed and the thermistors allowed to
recover according to 5.3.2.

After intermediate measurements, the thermistors shall be returned to the conditions of test.
The interval between the removal from, and the return to, the conditions of test for any
thermistor shall not exceed 12 h.

5.25.6.5 Final inspection, measurements and requirements

The thermistor shall then 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 then be measured using
the method specified. The change compared with the value(s) measured in 5.25.6.2 shall not
exceed the limit specified in the relevant detail specification.

5.26 Shear (adhesion) test (for surface mount thermistors only)
5.26.1 General

The method of test shall be as described below.

5.26.2 Test conditions

The surface mount thermistors shall be mounted as described in IEC 60068-2-21, Test U.

The thermistors shall be subjected to Test Ue; of IEC 60068-2-21 using the following
conditions.

— A force of 5 N shall be applied to the surface mount thermistor body progressively, without
shock, and shall be maintained for a period of 10 s + 1 s.

5.26.3 Requirements

The surface mount thermistors shall be visually examined in the mounted state. There shall
be no visible damage.
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5.27 Substrate bending test (for surface mount thermistors only)
5.27.1 General

The method of test shall be as described below.

5.27.2 Initial measurements

The surface mount thermistor shall be mounted on an epoxide woven glass printed board as
described in [IEC 60068-2-21.

The zero-power resistance of the surface mount thermistor shall be measured as specified in
5.6 and the relevant sectional specification.

5.27.3 Test procedures

The thermistor shall be subjected to Test Ue of IEC 60068-2-21 using the conditions as
prescribed in the detail specification for the deflection D and the number of bends.

The zero-power resistance of the surface mount thermistor shall be measured as specified in
5.27.2 with the board in the bent position.

The printed board shall be allowed to recover from the bent position and then removed from
the test jig.

5.27.4 Final inspection and requirements

The surface mount thermistor shall be visually examined and there shall be no visible damage.

For reference, another method for the substrate bending test is the following: The zero-power
resistance is measured before it is mounted on the test jig.

After the bending test is implemented, it is removed from the test jig and the zero-power
resistance is measured again.

The change of resistance, after the test or during bending, shall not exceed the limits
prescribed in the detail specification.

5.28 Component solvent resistance
5.28.1 General

The method of test shall be as described below.

5.28.2 Initial measurements

The measurements prescribed in the relevant specification shall be made.

5.28.3 Test conditions
The components shall be subjected to Test XA of IEC 60068-2-45, with the following details:

a) solvent to be used: see |IEC 60068-2-45:1980/AMD1:1993, 3.1.2;

b) solvent temperature: 23 °C + 5 °C, unless otherwise specified in the detail specification;
c) conditioning: Method 2 (without rubbing);

d) recovery time: 48 h, unless otherwise stated in the detail specification.
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5.28.4 Requirements

The measurements prescribed in the relevant specification shall then be made and the
specified requirements shall be met.

5.29 Solvent resistance of marking
5.29.1 General

The method of test shall be as described below.

5.29.2 Test conditions

The components shall be subjected to Test XA of IEC 60068-2-45, with the following details:

a) solvent to be used: see |IEC 60068-2-45:1980/AMD1:1993, 3.1.2;

b) solvent temperature: 23°C +5 °C;

c) conditioning: Method 1 (with rubbing);

d) rubbing material: cotton wool;

e) recovery time: not applicable, unless otherwise stated in the detail specification.

5.29.3 Requirements

After the test the marking shall be legible.

5.30 Salt mist
5.30.1 General

The method of test shall be as described below.

5.30.2 Test conditions
The following apply.

a) Thermistors designed to withstand a salt laden atmosphere shall be subjected to Test Kb
of IEC 60068-2-52.

b) To evaluate the quality and the conformity of their protective coatings, the thermistors
shall be subjected to Test Ka of IEC 60068-2-11.

5.31 Sealing

The thermistors shall be subjected to the procedure of the appropriate method of Test Q of
IEC 60068-2-17.

5.32 Composite temperature/humidity cycle
5.32.1 General

The method of test shall be as described below.

5.32.2 Initial measurements

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

The thermistors shall be subjected to the procedure of Test Z/AD of IEC 60068-2-38 using the
appropriate degree of severity, as specified in the detail specification.

5.32.4 Final inspection, measurements and requirements

The thermistors 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 using the
method specified. The change in value compared with that measured in 5.32.2 shall not
exceed the limit specified in detail specification.

For insulated types, the insulation resistance shall be measured according to 5.8 and shall be
not less than that specified in the detail specification.
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Annex A
(normative)

Interpretation of sampling plans and procedures as described
in IEC 60410:1973 for use within quality assessment systems

A.1 Clause and subclause numbers of IEC 60410:1973

When using IEC 60410:1973 for inspection by attributes, the following interpretations of the
clauses and subclauses indicated below apply for the purposes of this part of IEC 60539.

1

1.5
2

3.1

3.3
4.5

5.4

6.2
6.3
6.4
8.1
8.3.3 d)
8.4
9.2

9.4

10.2

The responsible authority is the national authorized institution implementing the
basic rules and rules of procedure.

The unit of product is the electronic component defined in a detail specification.
Only the following definitions from this clause are required:

— a “defect” is any nonconformance of the unit of product to specified requirements;
— a “defective” is a unit of product which contains one or more nonconformances.

The extent of nonconformance of a product shall be expressed in terms of per cent
defective.

Not applicable.

The responsible authority is the IEC technical committee drafting the blank detail
specification which forms part of the generic or sectional specification.

The responsible authority is the designated management representative (DMR),
acting in accordance with the procedures prescribed in the document describing the
inspection department of the approved manufacturer and approved by the national
supervising inspectorate.

The responsible authority is the DMR.

Not applicable.

The responsible authority is the DMR.

Normal inspection shall always be used at the start of inspection.
The responsible authority is the DMR.

The responsible authority is the national supervising inspectorate.

The responsible authority is the IEC technical committee drafting the blank detail
specification which forms part of the generic or sectional specification.

(Fourth sentence only) Not applicable.
(Fifth sentence only) The responsible authority is the DMR.

Not applicable.
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Annex B
(normative)

Rules for the preparation of detail specifications for
directly heated thermistors for electronic equipment for
use within quality assessment systems

B.1 Drafting

The drafting of a complete detail specification by IEC technical committee 40, if required, shall
begin only when all the following conditions have been met.
a) The generic specification has been approved.

b) The sectional specification, when appropriate, has been circulated for approval as a Final
Draft International Standard (FDIS).

c¢) The associated blank detail specification has been circulated for approval as an FDIS.

d) There is evidence that at least three national committees have formally approved, as their
own national standard, specifications covering a component of closely similar performance.

When a national committee formally asserts that substantial or significant use is made
within its country of a part described by some other national standard, this assertion may
count towards the foregoing requirement.

B.2 Reference standard

Detail specifications prepared under the responsibility of IEC technical committee 40 shall use
the standard of preferred values, ratings and characteristics and severities for environmental
tests, etc. which are given in the appropriate generic or sectional specifications.

An exception to this rule may only be granted for a specified detail specification, when agreed
by IEC technical committee 40.

B.3 Circulation

The detail specification should not be circulated as an FDIS until the sectional and blank
detail specifications have been approved for publication.
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Annex C
(informative)

Typical examples of mountings for measurements of
directly heated thermistors

C.1  Mounting for surface mount thermistors

Surface mount thermistors shall be mounted on an epoxide woven glass board of
1,6 mm + 0,19 mm thickness and the board pattern shall be as shown in Figure C.1.

The dimensions D, L and W for the soldering lands on the board shall be specified in the
detail specification. The electrode may be on one side or both sides.
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Figure C.1 — Mounting for measurements of surface mount thermistors
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Annex D
(informative)

Reference to IEC 60539-1:2008

The drafting of this third edition of IEC 60539-1 has resulted in a new structure. The following
table indicates the new clause and subclause numbers with respect to the second edition
(IEC 60539-1:2008).

IEC 60539-1:2008 IEC 60539-1:201x
2nd edition 3" edition Notes
Clause/Subclause Clause/Subclause
11_1 1 Gerneral and scope are merged into one
1.2 2 In accordance with the ISO/IEC Directives, Part 2
2.1 4.1
2.2 3 In accordance with the ISO/IEC Directives, Part 2
2.3 4.2
2.4 4.3
4.4
4 5
4.1 5.1
4.2 5.2
4.3 5.3
4.4 5.4
4.5 5.5
4.6 5.6
4.7 5.7
4.8 5.8
4.9 5.9
4.10 5.10
4.11 5.11
4.12 5.12
4.13 5.13 In accordance with the change of clause number
4.14 5.14
4.15 5.15
4.16 5.16
4.17 5.17
4.18 5.18
4.19 5.19
4.20 5.20
4.21 5.21
4.22 5.22
4.23 5.23
4.24 5.24
4.25 5.25
4.26 5.26
4.27 5.27
4.28 5.28
4.29 5.29 In accordance with the change of clause number
4.30 5.30
4.31 5.31
4.32 5.32
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Annex Q
(normative)

Quality assessment procedures

Q.1 General

When this part of IEC 60539 and any related standards are used for the purpose of a full
quality assessment system, compliance with Q.4 and Q.5 is required.

When such standards are used outside such quality assessment systems for purposes such
as design proving or type testing, the procedures and requirements of Q.4.1 and Q.4.2 b) may
be used, but the tests and parts of tests shall be applied in the order given in the test
schedules.

Q.2 Primary stage of manufacture

The primary stage of manufacture is defined as the initial mixing process of ingredients.

Q.3 Structurally similar components

Q.3.1 Thermistors may be grouped as structurally similar for the purpose of forming
inspection lots provided that the following requirements are met.

— They shall be produced by one manufacturer on one site using essentially the same
design, materials, processes and methods.

— The sample taken shall be determined from the total lot size of the grouped devices.

— Structurally similar devices should be included in one detail specification but the details of
all claims to structural similarity shall be declared in the qualification approval test reports.

Q.3.2 For electrical tests, devices having the same electrical characteristics may be grouped
provided that the element determining the characteristics is similar for all the devices
concerned.

Q.3.3 For environmental tests, devices having the same encapsulation, basic internal
structure and finishing processes, may be grouped.

Q.3.4 For visual inspection (except marking), devices may be grouped if they have been
made on the same production line, have the same dimensions, encapsulation and external
finish.

This grouping may also be used for robustness of terminations and solderability tests where it
is convenient to group devices with different internal structures.

Q.3.5 For endurance tests, thermistors may be grouped if they have been made on the same
production line using the same design and differing only in electrical characteristics. If it can
be shown that one type from the group is more heavily stressed than the others, then tests on
this type may be accepted for the remaining members of the group.
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Q.4 AQualification approval procedures

Q.4.1 General
The manufacturer shall comply with

a) the general requirements of the specified quality assessment system governing
qualification approval, and

b) the requirements for the primary stage of manufacture (see Q.2).
Q.4.2 Test procedure for qualification approval
In addition to the requirements of Q.4.1, the procedures a) or b) below shall apply.

a) The manufacturer shall produce test evidence of conformance to the specification
requirements on three lots taken in as short a time as possible for lot-by-lot inspection and
on one lot for periodic inspection.

Samples shall be taken from the lots in accordance with IEC 61193-2. Normal inspection
shall be used, but, where the sample size would give acceptance on zero non-
conformances, additional specimens shall be taken to meet the sample size required to
give acceptance on one nonconforming item.

b) The manufacturer shall, as an alternative to the procedure specified in Q.4.2 a), produce
test evidence to show conformance to the specification requirements on one of the fixed
sample size test schedules given in the sectional specification.

The specimens taken to form the sample shall be selected at random from current
production or as agreed with the Certification Body (CB).

For the two procedures the sample sizes and the permissible number of nonconformances
shall be of comparative order. The test conditions and requirements shall be the same.

Q.4.3 Maintenance of qualification approval

Qualification approval obtained as part of a quality assessment system, shall be maintained
by regular demonstration of compliance with the requirements for quality conformance
(see Q.5). Otherwise, this qualification approval shall be verified by the rules for the
maintenance of qualification approval given as follows.

a) Maintenance of qualification approval is assured when the conditions detailed in the
relevant specification are fulfilled.

b) Otherwise, the qualification approval shall be verified

1) if the production programme is such that the periodic tests cannot be carried out with
their normal frequency, or

2) if the conformity of the components in production to the qualification approval
components is doubtful or potentially so, for example following a technical modification,
or

3) when a change has been made to the specification.

c) The procedure for the verification described in b) above is the same as that followed for
the qualification approval itself. The number of tests may be fewer, as described by the
Designated Management Representative (DMR) in consultation with the CB, but the
sampling requirements for each test are unchanged.

d) Subject to the requirements above, there is no limit to the duration of the validity of the
qualification approval.
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Q.5 Quality conformance inspection

Blank detail specifications associated with the sectional specifications shall prescribe the test
schedule for quality conformance inspection. This schedule shall also specify the grouping,
sampling and periodicity for the lot-by-lot and periodic inspection.

Inspection levels and sampling plans shall be selected from those given in IEC 61193-2.

If required, more then one test schedule may be specified.

Q.6 Certified test records of released lots

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

Q.7 Delayed delivery

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

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

Once a lot has been satisfactorily re-inspected, its quality is reassured for the specified period.

Q.8 Release for delivery under qualification approval before the completion of
group B tests

When the conditions of IEC 61193-2 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.

Q.9 Alternative test methods
See the specified quality assessment system, with the following details.

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

Q.10 Unchecked parameters

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

It cannot be assumed that any unspecified parameter will remain unchanged from one
component to another. If, for any reason, it is necessary for further parameters to be
controlled, 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.



BS EN 60539-1:2016
IEC 60539-1:2016 © IEC 2016 - 57 -

Bibliography
IEC 60410:1973, Sampling plans and procedures for inspection by attributes
IEC 60027-1, Letter symbols to be used in electrical technology — Part 1: General

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

IEC 60617, Graphical symbols for diagrams (available at: http://std.iec.ch/iec60617)

ISO 80000-1:2009, Quantities and units — Part 1: General



This page deliberately left blank



NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

British Standards Institution (BSI)

BSI is the national body responsible for preparing British Standards and other
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization
products are published by BSI Standards Limited.

About us

We bring together business, industry, government, consumers, innovators
and others to shape their combined experience and expertise into standards
-based solutions.

The knowledge embodied in our standards has been carefully assembled in
a dependable format and refined through our open consultation process.
Organizations of all sizes and across all sectors choose standards to help
them achieve their goals.

Information on standards

We can provide you with the knowledge that your organization needs

to succeed. Find out more about British Standards by visiting our website at
bsigroup.com/standards or contacting our Customer Services team or
Knowledge Centre.

Buying standards

You can buy and download PDF versions of BSI publications, including British
and adopted European and international standards, through our website at
bsigroup.com/shop, where hard copies can also be purchased.

If you need international and foreign standards from other Standards Development
Organizations, hard copies can be ordered from our Customer Services team.

Copyright in BSI publications

All the content in BSI publications, including British Standards, is the property

of and copyrighted by BSI or some person or entity that owns copyright in the
information used (such as the international standardization bodies) and has
formally licensed such information to BSI for commercial publication and use.
Save for the provisions below, you may not transfer, share or disseminate any
portion of the standard to any other person. You may not adapt, distribute,
commercially exploit, or publicly display the standard or any portion thereof in any
manner whatsoever without BSI's prior written consent.

Storing and using standards
Standards purchased in soft copy format:

e A British Standard purchased in soft copy format is licensed to a sole named
user for personal or internal company use only.

e The standard may be stored on more than 1 device provided that it is accessible
by the sole named user only and that only 1 copy is accessed at any one time.

e Asingle paper copy may be printed for personal or internal company use only.

Standards purchased in hard copy format:

e A British Standard purchased in hard copy format is for personal or internal
company use only.

e [t may not be further reproduced — in any format — to create an additional copy.
This includes scanning of the document.

If you need more than 1 copy of the document, or if you wish to share the
document on an internal network, you can save money by choosing a subscription
product (see ‘Subscriptions’).

bsi.

Reproducing extracts

For permission to reproduce content from BSI publications contact the BSI
Copyright & Licensing team.

Subscriptions

Our range of subscription services are designed to make using standards

easier for you. For further information on our subscription products go to
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you'll have instant access to over 55,000
British and adopted European and international standards from your desktop.

It's available 24/7 and is refreshed daily so you'll always be up to date.

You can keep in touch with standards developments and receive substantial
discounts on the purchase price of standards, both in single copy and subscription
format, by becoming a BSI Subscribing Member.

PLUS is an updating service exclusive to BSI Subscribing Members. You will
automatically receive the latest hard copy of your standards when they're

revised or replaced.

To find out more about becoming a BSI Subscribing Member and the benefits

of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards
publications on your intranet. Licences can cover as few or as many users as you
wish. With updates supplied as soon as they're available, you can be sure your
documentation is current. For further information, email subscriptions@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision.

We continually improve the quality of our products and services to benefit your
business. If you find an inaccuracy or ambiguity within a British Standard or other
BSI publication please inform the Knowledge Centre.

Useful Contacts

Customer Services

Tel: +44 345 086 9001

Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 345 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

BSI Group Headquarters
389 Chiswick High Road London W4 4AL UK



	EN60539-1{2016}e.pdf
	European foreword
	Endorsement notice
	Annex ZA (normative)  Normative references to international publications with their corresponding European publications

	30287809-VOR.pdf
	English
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General items
	4.1 Units and symbols
	4.2 Preferred values and appropriate category
	4.2.1 General
	4.2.2 Appropriate category

	4.3 Marking
	4.3.1 General
	4.3.2 Marking for small size types such as surface mount thermistors
	4.3.3 Coding

	4.4 Quality assessment procedures

	5 Test and measurement procedures
	5.1 General
	5.2 Standard atmospheric conditions for testing
	5.3 Drying and recovery
	5.3.1 Drying
	5.3.2 Recovery 

	5.4 Mounting (for surface mount thermistors only)
	5.4.1 General
	5.4.2 Substrate and pad
	5.4.3 Mounting on board

	5.5 Visual examination and check of dimensions
	5.5.1 Visual examination
	5.5.2 Dimensions

	5.6 Zero-power resistance
	5.6.1 General
	5.6.2 Measurement procedures
	5.6.3 Requirements

	5.7 B-value or resistance ratio
	5.7.1 General
	5.7.2 Requirements

	5.8 Insulation resistance (for insulated types only)
	5.8.1 General
	5.8.2 Test methods
	5.8.3 Applied voltage
	5.8.4 Requirements

	5.9 Voltage proof (for insulated types only)
	5.9.1 General
	5.9.2 Test voltage
	5.9.3 Requirements

	5.10 Resistance/temperature characteristic
	5.10.1 General
	5.10.2 Test methods
	5.10.3 Requirements

	5.11 Dissipation factor (δ)
	5.11.1 General
	5.11.2 Initial measurements
	5.11.3 Test methods
	5.11.4 Requirements

	5.12 Thermal time constant by ambient temperature change (τa)
	5.12.1 General
	5.12.2 Initial measurements
	5.12.3 Preconditioning
	5.12.4 Test methods
	5.12.5 Final measurements and requirements
	5.12.6 Requirements

	5.13 Thermal time constant by cooling after self-heating (τc)
	5.13.1 General
	5.13.2 Initial measurements
	5.13.3 Preconditioning
	5.13.4 Test method
	5.13.5 Final measurements and requirements

	5.14 Robustness of terminations (not applicable to surface mount thermistors)
	5.14.1 General
	5.14.2 Initial measurements
	5.14.3 Test methods
	5.14.4 Test Ua1 – Tensile
	5.14.5 Test Ub – Bending (half the number of terminations)
	5.14.6 Test Uc – Torsion (remaining terminations)
	5.14.7 Final measurements and requirements

	5.15 Resistance to soldering heat  
	5.15.1 General
	5.15.2 Preconditioning
	5.15.3 Test procedure
	5.15.4 Recovery
	5.15.5 Final inspection, measurement and requirements

	5.16 Solderability
	5.16.1 General
	5.16.2 Test procedure
	5.16.3 Final inspection, measurements and requirements

	5.17 Rapid change of temperature
	5.17.1 General
	5.17.2 Initial measurements
	5.17.3 Test procedures
	5.17.4 Final inspection, measurements and requirements

	5.18 Vibration
	5.18.1 General
	5.18.2 Initial measurements
	5.18.3 Test procedures
	5.18.4 Final inspection, measurements and requirements

	5.19 Shock
	5.19.1 General
	5.19.2 Initial measurements
	5.19.3 Mounting
	5.19.4 Test procedures
	5.19.5 Final inspection, measurements and requirements

	5.20 Free fall 
	5.20.1 General
	5.20.2 Initial measurements
	5.20.3 Test procedures
	5.20.4 Final inspection, measurements and requirements

	5.21 Thermal shock
	5.21.1 General
	5.21.2 Initial measurements
	5.21.3 Test procedures
	5.21.4 Final inspection, measurements and requirements

	5.22 Cold 
	5.22.1 General
	5.22.2 Initial measurements
	5.22.3 Test procedures
	5.22.4 Final inspection, measurements and requirements

	5.23 Dry heat 
	5.23.1 General
	5.23.2 Initial measurements
	5.23.3 Test procedures
	5.23.4 Final inspection, measurements and requirements

	5.24 Damp heat, steady state
	5.24.1 General
	5.24.2 Initial measurements
	5.24.3 Test procedures
	5.24.4 Recovery
	5.24.5 Final inspection, measurements and requirements

	5.25 Endurance
	5.25.1 General
	5.25.2 Endurance at room temperature with applied continuous maximum current (Imax25) (for inrush current-limiting thermistors only)
	5.25.3 Endurance at room temperature with applied cyclic maximum current (Imax25) (for inrush current-limiting thermistors only)
	5.25.4 Endurance at T3 and Pmax
	5.25.5 Endurance at upper category temperature
	5.25.6 Maximum permissible capacitance (for inrush current-limiting thermistors only)

	5.26 Shear (adhesion) test (for surface mount thermistors only)
	5.26.1 General
	5.26.2 Test conditions
	5.26.3 Requirements

	5.27 Substrate bending test (for surface mount thermistors only)
	5.27.1 General
	5.27.2 Initial measurements
	5.27.3 Test procedures
	5.27.4 Final inspection and requirements

	5.28 Component solvent resistance
	5.28.1 General
	5.28.2 Initial measurements
	5.28.3 Test conditions
	5.28.4 Requirements

	5.29 Solvent resistance of marking
	5.29.1 General
	5.29.2 Test conditions
	5.29.3 Requirements

	5.30 Salt mist 
	5.30.1 General
	5.30.2 Test conditions

	5.31 Sealing
	5.32 Composite temperature/humidity cycle 
	5.32.1 General
	5.32.2 Initial measurements
	5.32.3 Test conditions
	5.32.4 Final inspection, measurements and requirements


	Annex A (normative)Interpretation of sampling plans and procedures as described in IEC 60410:1973 for use within quality assessment systems
	A.1 Clause and subclause numbers of IEC 60410:1973

	Annex B (normative)Rules for the preparation of detail specifications for directly heated thermistors for electronic equipment for use within quality assessment systems
	B.1 Drafting
	B.2 Reference standard
	B.3 Circulation

	Annex C (informative)Typical examples of mountings for measurements ofdirectly heated thermistors
	C.1 Mounting for surface mount thermistors

	Annex D (informative)Reference to IEC 60539-1:2008
	Annex Q (normative)Quality assessment procedures
	Q.1 General
	Q.2 Primary stage of manufacture
	Q.3 Structurally similar components
	Q.4 Qualification approval procedures 
	Q.4.1 General
	Q.4.2 Test procedure for qualification approval
	Q.4.3 Maintenance of qualification approval

	Q.5 Quality conformance inspection
	Q.6 Certified test records of released lots 
	Q.7 Delayed delivery
	Q.8 Release for delivery under qualification approval before the completion of group B tests
	Q.9 Alternative test methods
	Q.10 Unchecked parameters

	Bibliography
	Figures
	Figure 1 – Typical resistance-temperature characteristic for NTC thermistors
	Figure 2 – Decreased power dissipation curve
	Figure 3 – Maximum current derating
	Figure 4 – Basic circuit for zero-power resistance measurement 
	Figure 5 – Example of Method 1 for testing the insulation resistance
	Figure 6 – Example of Method 2 for testing the insulation resistance (1)
	Figure 7 – Example of Method 2 for testing the insulation resistance (2)
	Figure 8 – Example of Method 3 for testing the insulation resistance
	Figure 9 – Example of Method 4 for testing the insulation resistance
	Figure 10 – Example of test chamber
	Figure 11 – Dissipation factor measuring circuit
	Figure 12 – Thermal time constant measuring circuit
	Figure 13 – Endurance at room temperature with Imax25 evaluating circuit
	Figure 14 – Maximum permissible capacitance test circuit (Method 1)
	Figure 15 – Maximum permissible capacitance test circuit (Method 2)
	Figure C.1 – Mounting for measurements of surface mount thermistors

	Table 1 – Lower and upper category temperatures and duration of  the damp heat, steady state test
	Table 2 – Tensile force

	Français
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d’application
	2 Références normatives
	3 Termes et définitions
	4 Éléments généraux
	4.1 Unités et symboles
	4.2 Valeurs préférentielles et catégorie appropriée
	4.2.1 Généralités
	4.2.2 Catégorie appropriée

	4.3 Marquage
	4.3.1 Généralités
	4.3.2 Marquage des thermistances de petites tailles, telles que les thermistances pour montage en surface
	4.3.3 Codage

	4.4 Procédures d’assurance de la qualité

	5 Procédures d’essai et de mesure
	5.1 Généralités
	5.2 Conditions atmosphériques normalisées des essais
	5.3 Séchage et rétablissement
	5.3.1 Séchage
	5.3.2 Rétablissement 

	5.4 Montage (pour les thermistances pour montage en surface uniquement)
	5.4.1 Généralités
	5.4.2 Substrat et plage de contact
	5.4.3 Montage sur carte

	5.5 Examen visuel et contrôle des dimensions
	5.5.1 Examen visuel
	5.5.2 Dimensions

	5.6 Résistance de puissance nulle
	5.6.1 Généralités
	5.6.2 Procédures de mesure
	5.6.3 Exigences

	5.7 Valeur B ou rapport de résistance
	5.7.1 Généralités
	5.7.2 Exigences

	5.8 Résistance d'isolement (pour types isolés seulement)
	5.8.1 Généralités
	5.8.2 Méthodes d’essai
	5.8.3 Tension appliquée
	5.8.4 Exigences

	5.9 Tension de tenue (pour types isolés seulement)
	5.9.1 Généralités
	5.9.2 Tension d’essai
	5.9.3 Exigences

	5.10 Caractéristique résistance/température
	5.10.1 Généralités
	5.10.2 Méthodes d’essai
	5.10.3 Exigences

	5.11 Facteur de dissipation (δ)
	5.11.1 Généralités
	5.11.2 Mesurages initiaux
	5.11.3 Méthodes d’essai
	5.11.4 Exigences

	5.12 Constante de temps thermique par variation de température ambiante (τa)
	5.12.1 Généralités
	5.12.2 Mesurages initiaux
	5.12.3 Préconditionnement
	5.12.4 Méthodes d’essai
	5.12.5 Mesurages finaux et exigences
	5.12.6 Exigences 

	5.13 Constante de temps thermique par refroidissement après autoéchauffement (τc)
	5.13.1 Généralités
	5.13.2 Mesurages initiaux
	5.13.3 Préconditionnement
	5.13.4 Méthode d’essai
	5.13.5 Mesurages finaux et exigences 

	5.14 Robustesse des sorties (ne s'applique pas aux thermistances pour montage en surface)
	5.14.1 Généralités
	5.14.2 Mesurages initiaux
	5.14.3 Méthodes d’essai
	5.14.4 Essai Ua1 – Traction
	5.14.5 Essai Ub – Pliage (sur la moitié des sorties)
	5.14.6 Essai Uc – Torsion (sorties restantes)
	5.14.7 Mesurages finaux et exigences 

	5.15 Résistance à la chaleur de brasage 
	5.15.1 Généralités
	5.15.2 Préconditionnement
	5.15.3 Procédure d’essai
	5.15.4 Rétablissement
	5.15.5 Exigences, mesurages et inspection finale

	5.16 Brasabilité
	5.16.1 Généralités
	5.16.2 Procédure d’essai
	5.16.3 Exigences, mesurages et inspection finale

	5.17 Variations rapides de température
	5.17.1 Généralités
	5.17.2 Mesurages initiaux
	5.17.3 Procédures d’essai
	5.17.4 Exigences, mesurages et inspection finale

	5.18 Vibrations
	5.18.1 Généralités
	5.18.2 Mesurages initiaux 
	5.18.3 Procédures d’essai
	5.18.4 Exigences, mesurages et inspection finale

	5.19 Chocs
	5.19.1 Généralités
	5.19.2 Mesurages initiaux 
	5.19.3 Montage
	5.19.4 Procédures d'essai
	5.19.5 Exigences, mesurages et inspection finale

	5.20 Chute libre
	5.20.1 Généralités
	5.20.2 Mesurages initiaux
	5.20.3 Procédures d’essai
	5.20.4 Exigences, mesurages et inspection finale

	5.21 Choc thermique
	5.21.1 Généralités
	5.21.2 Mesurages initiaux
	5.21.3 Procédures d’essai
	5.21.4 Exigences, mesurages et inspection finale

	5.22 Froid 
	5.22.1 Généralités
	5.22.2 Mesurages initiaux
	5.22.3 Procédures d’essai
	5.22.4 Exigences, mesurages et inspection finale

	5.23 Chaleur sèche 
	5.23.1 Généralités
	5.23.2 Mesurages initiaux
	5.23.3 Procédures d’essai
	5.23.4 Exigences, mesurages et inspection finale

	5.24 Chaleur humide, essai continu
	5.24.1 Généralités
	5.24.2 Mesurages initiaux
	5.24.3 Procédures d’essai
	5.24.4 Rétablissement
	5.24.5 Exigences, mesurages et inspection finale

	5.25 Endurance
	5.25.1 Généralités
	5.25.2 Endurance à la température de la salle avec un courant continu maximal appliqué (Imax25) (uniquement pour les thermistances de limitation de courant d’appel)
	5.25.3 Endurance à la température de la salle avec un courant cyclique maximal appliqué (Imax25) (uniquement pour les thermistances de limitation de courant d’appel)
	5.25.4 Endurance à T3 et Pmax
	5.25.5 Endurance à la température de catégorie supérieure
	5.25.6 Capacité maximale admissible (uniquement pour les thermistances de limitation de courant d'appel)

	5.26 Essai de cisaillement (adhérence) (pour les thermistances pour montage en surface uniquement)
	5.26.1 Généralités
	5.26.2 Conditions d’essai
	5.26.3 Exigences

	5.27 Essai de courbure du substrat (pour les thermistances pour montage en surface uniquement)
	5.27.1 Généralités
	5.27.2 Mesurages initiaux
	5.27.3 Procédures d’essai
	5.27.4 Inspection finale et exigences

	5.28 Résistance au solvant des composants
	5.28.1 Généralités
	5.28.2 Mesurages initiaux
	5.28.3 Conditions d’essai
	5.28.4 Exigences

	5.29 Résistance au solvant du marquage
	5.29.1 Généralités
	5.29.2 Conditions d’essai
	5.29.3 Exigences

	5.30 Brouillard salin 
	5.30.1 Généralités
	5.30.2 Conditions d’essai

	5.31 Étanchéité
	5.32 Cycle composite de température et d'humidité 
	5.32.1 Généralités
	5.32.2 Mesurages initiaux
	5.32.3 Conditions d’essai
	5.32.4 Exigences, mesurages et inspection finale


	Annexe A (normative)Interprétation des plans d’échantillonnage et des procédures tels qu’ils sont décrits dans l'IEC 60410:1973 et destinés à être utilisés dans les systèmes d'assurance de la qualité 
	A.1 Numéros d'articles et de paragraphes de l'IEC 60410:1973

	Annexe B (normative)Règles de préparation des spécifications particulières pour les thermistances à chauffage direct pour équipements électroniques destinées à être utilisées dans les systèmes d’assurance de la qualité 
	B.1 Rédaction
	B.2 Norme de référence
	B.3 Diffusion

	Annexe C (informative)Exemples typiques de montages pour des mesurages de thermistances à chauffage direct
	C.1 Montage pour des thermistances pour montage en surface

	Annexe D (informative)Référence à l'IEC 60539-1:2008
	Annexe Q (normative)Procédures d’assurance de la qualité
	Q.1 Généralités
	Q.2 Étape initiale de fabrication
	Q.3 Modèles de structure semblable
	Q.4 Procédures d’homologation 
	Q.4.1 Généralités
	Q.4.2 Procédures d’essai pour l’homologation
	Q.4.3 Maintien de l’homologation

	Q.5 Contrôle de conformité de la qualité
	Q.6 Enregistrements d’essais certifiés de lots acceptés 
	Q.7 Livraison retardée
	Q.8 Acceptation pour livraison par homologation avant la fin des essais du groupe B
	Q.9 Autres méthodes d'essai
	Q.10 Paramètres non vérifiés

	Bibliographie
	Figures
	Figure 1 – Caractéristique résistance/température typique pour des thermistances CTN
	Figure 2 – Courbe de dissipation de puissance réduite
	Figure 3 – Taux de réduction de courant maximal
	Figure 4 – Circuit de base pour le mesurage de la résistance de puissance nulle
	Figure 5 – Exemple de la Méthode 1 pour l’essai de la résistance d'isolement
	Figure 6 – Exemple de la Méthode 2 pour l’essai de la résistance d'isolement (1)
	Figure 7 – Exemple de la Méthode 2 pour l’essai de la résistance d'isolement (2)
	Figure 8 – Exemple de la Méthode 3 pour l’essai de la résistance d'isolement
	Figure 9 – Exemple de la Méthode 4 pour l’essai de la résistance d'isolement
	Figure 10 – Exemple de chambre d'essai
	Figure 11 – Circuit de mesure du facteur de dissipation
	Figure 12 – Circuit de mesure de la constante de temps thermique
	Figure 13 – Endurance à la température de la salle avec circuit d'évaluation Imax25
	Figure 14 – Circuit d'essai de capacité maximale admissible (Méthode 1)
	Figure 15 – Circuit d'essai de capacité maximale admissible (Méthode 2)
	Figure C.1 – Montage pour les mesurages de thermistances pour montage en surface

	Tableau 1 – Température de catégorie inférieure et supérieure  et durée de chaleur humide, essai continu
	Tableau 2 – Force de traction




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




