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INTERNATIONAL ELECTROTECHNICAL COMMISSION

THERMISTORS -

DIRECTLY HEATED POSITIVE STEP-FUNCTION
TEMPERATURE COEFFICIENT —

Part 1: Generic specification

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organizatioR for

this end and in addition to other activities, the IEC publishes Intefhati S efr preparation is
entrusted to technical committees; any IEC National Committe€ 'nter te ject dealt with may
participate in this preparatory work. International, governmentat—a X al Organizations liaising
with the IEC also participate in this preparation. The IEC coll i e International Organization
for Standardization (ISO) in accordance with conditiofs detarmine =ment between the two

organizations.

2) The formal decisions or agreements of the i ter§ express, as nearly as possible, an

3) The documents produced have the form of reeommentativns foxinternational use and are published in the form

of standards, technical reports or guides and they d bynthe National Committees in that sense
4) In order to promote internatipgal unification i ittees undertake to apply IEC International
Standards transparently ta axi e i in thelr natlonal and regional standards. Any

indicated in the latter.

5) The IEC provides Qo m ndicate its approval and cannot be rendered responsible for any
equipment decl i i :

6) Attention is drawn\e’t ibili Qme bf the elements of this International Standard may be the subject
of patent rights. The { 9 regponsible for identifying any or all such patent rights

International Stan hds been prepared IEC technical committee 40: Capacitors
and resistor

This secgnd Is and replaces the first edition published in 1982 and constitutes a
technica

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

FDIS Report on voting

40/1080/FDIS 40/1096/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.
Annex A forms an integral part of this standard.

Annexes B and C are for information only.

The QC number that appears on the front cover of this publication is the specification number

in the IEC Quality Assessment System for Electronic Components (IECQ).

Full document details: IEC 60738-11998
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THERMISTORS —

DIRECTLY HEATED POSITIVE STEP-FUNCTION
TEMPERATURE COEFFICIENT —

Part 1: Generic specification

1 General

1.1 Scope

This International Standard prescribes terms and methods of test for g step-function

nade from

It establishes standard terms, inspection procedures and met f e in detalil
specifications for Qualification Approval and for Quality AS3essmey ¢ or electronic
components.

1.2 Normative references

indicated were valid. All normative
agreements based on this Internationaj Standard ate encouraged to investigate the possibility

In the case of IEC 600¢
subsequent new editio

IEC 60027-1:199@9 :

IEC 60068-2-3:1969, Environmental testing — Part 2: Tests — Test Ca: Damp heat, steady state

IEC 60068-2-6:1995, Environmental testing — Part 2: Tests — Test Fc and guidance: Vibration
(sinusoidal)

IEC 60068-2-11:1981, Environmental testing — Part 2: Tests — Test Ka: Salt mist

IEC 60068-2-13:1983, Environmental testing — Part 2: Tests — Test M: Low air pressure

IEC 60068-2-14:1984, Environmental testing — Part 2: Tests — Test N: Change of temperature
IEC 60068-2-20:1979, Environmental testing — Part 2: Tests — Test T: Soldering

IEC 60068-2-21:1983, Environmental testing — Part 2: Tests — Test U: Robustness of terminations
and integral mounting devices
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IEC 60068-2-27:1987, Environmental testing — Part 2: Tests — Test Ea and guidance: Shock
IEC 60068-2-29:1987, Environmental testing — Part 2: Tests — Test Eb and guidance: Bump

IEC 60068-2-30:1980, Environmental testing — Part 2: Tests — Test Db and guidance: Damp
heat, cyclic (12 + 12-hour cycle)

IEC 60068-2-45:1980, Environmental testing — Part 2: Tests — Test XA and guidance:
Immersion in cleaning solvents

IEC 60249-2-4:1987, Base materials for printed circuits — Part 2: Specificatjions — Specification

IEC 60617: Graphical symbols for diagrams

IEC QC 001002-3:1998, Rules of procedure of
Electronic Components (IECQ) — Part 3: Approv.

IEC QC 001003: Guidance documents

ISO 1000:1992, S/ units and recommg
other units

use of their multiples and of certain

2 Technical data

2.1 Unitsand s “I

Units, graphical s
from the following

nd terminology shall, whenever possible, be taken

ISO 1000
2.2 Definitions

When further items are required they shall be derived in accordance with the principles of the
documents listed above.

2.2.1

type

a group of components having similar design features and the similarity of whose
manufacturing techniques enables them to be grouped together either for qualification approval
or for quality conformance inspection

They are generally covered by a single detail specification.

NOTE — Components described in several detail specifications may, in some cases, be considered as belonging to
the same type but they are generally covered by a single detail specification.
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2.2.2
style
variation within a type having specific nominal dimensions and characteristics

2.2.3

thermistor

a thermally sensitive semiconducting resistor which exhibits a significant change in electrical
resistance with a change in body temperature

2.2.4

positive temperature coefficient thermistor
a thermistor, the resistance of which increases with its increasing temperg
useful part of its characteristic

throughout the

2.2.5
positive step-function temperature coefficient thermistor (PTC)

a thermistor which shows a step-like increase in its resistancé
ture reaches a specific value

hg tempera-

A PTC thermistor will show secondary effects which have

2.2.6

zero-power resistance ( Ry)

the value of the resistance of a PTC t¥ i a gi etafure, under conditions such
that the change in resistance due to thed erati at is negligible with respect to

the total error of measurement

NOTE — Any resistance value of a PTC thermistor is-dependenton the value and the mode of the applied voltage
(a.c. or d.c.) and, when an a.c. soyrce is used, qn thenc (see 2.2.8 and 2.2.9).

2.2.7

nominal zero-power resista

the d.c. resistancge § ' storngmeasured at a specified temperature, preferable at
25 °C, with a po Hat any further decrease in power will result only in
a negligible changg j exo-pbwer resistance may also be measured using a.c. if

required by the deta

2.2.8

voltage dependenc

a secondar exhibjting a decreasing resistance with increasing voltage across the
thermistor ed at a constant body temperature

2.2.9

frequency dependency
a secondary effect exhibiting a substantial decrease of the positive temperature coefficient of
the thermistor with increasing frequency

2.2.10

resistance/temperature characteristics

the relationship between the zero-power resistance of a thermistor and the temperature of the
thermosensitive element when measured under specified reference conditions (see figure 1)

NOTE — PTC thermistors may have more than one resistance/temperature characteristic specified.
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Log R A

RNF
Ro
Ros
Rumin.
>
T (°C)
Linear scale IEC 1566/98
sistance-temperature characteristic
2.2.11
current/voltage cha
the relagionship, i ill alf at 25 °C (unless otherwise stated) between the applied voltage
(d.c. and \ rmistor terminations and the current under steady state conditions

Tambiant = constant

hes 1-——f-----m -

U, Log U
max. IEC 1567/98

NOTE 1 — Upay. Will be specified by the manufacturer.

NOTE 2 — The breakdown voltage is the value beyond which the thermistor's voltage handling capability no longer
exhibits its characteristic property.

Figure 2 — Typical current/voltage characteristic for PTC thermistors
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2.2.12

nominal functioning temperature (  Tng)

the nominal temperature at the steep part of the resistance temperature characteristic at which
the system controlled by the thermistor, is designed to operate

2.2.13
switching temperature ( Ty)
the temperature at which the step-like function commences

2.2.14

minimum resistance ( Ruin.)
the minimum value of the zero-power resistance/temperature characteristig

2.2.15
resistance at switching temperature ( Ry)
the value of the zero-power resistance corresponding to the swi

It is defined as Ry, = 2 x Ryin. As an alternative definition /Ry used. If this

definition is used, this shall be explicitly stated in the detail

2.2.16
temperature for minimum resistance (
that temperature at which Ry, occurs

2.2.17
temperature T,

2.2.18

resistance R, Q
the zero-power r
specified in the deta

NOTE — The measu S d\be ade dnder such conditions that any change in resistance due to internal
generation of heat i \ _respect to the total error of measurement. The applied voltage and the
g be given in the detail specification; when applying the maximum voltage,

e T, measured at maximum voltage or a voltage
fven as a minimum value

2.2.19
average temperature
the rate of change 0

pefficient of resistance at a stated voltage ( aRr)
esistance with temperature expressed as %/K

It is calculated from the formula:

100 Ry

QR =————xIn—

(Tp - Ty) Ry
where T, exceeds T, by a minimum of 10 K.

The temperatures T, and T, are to be given, if applicable, and the measurement conditions for
R, and R, should be the same, unless otherwise specified in the detail specification.

NOTE - The detail specification may specify the measurement of the temperature coefficient of resistance in a
narrow temperature range where its value is a maximum, together with a suitable test method.
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2.2.20

upper category temperature (UCT)

the maximum ambient temperature for which a thermistor has been designed to operate
continuously at zero power

2.2.21

lower category temperature (LCT)

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

2.2.22

maximum voltage ( Upmay.)
the maximum a.c. or d.c. voltage which may be continuously applied
exceeding the maximum overload current

2.2.23
operating temperature range at maximum voltage

2.2.25
maximum overload current

2.2.27
tripping curre
the lowest current
temperature (preferab

N will cause the thermistor to trip to a high resistance condition at a specified
25 °C) and within a time to be specified in the detail specification

2.2.28

maximum non-tripping current ( lnax. nt)

the maximum current at a specified ambient temperature (preferably 25 °C), which the thermistor
will conduct indefinitely in its low resistance condition

2.2.29

inrush current ( 1;,)

the current occurring during the transient period from the moment of switching to the steady-
state condition

2.2.30
peak inrush current ( li, )
the peak inrush current is the maximum value of current during the transient period (see figure 3)
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2.2.31
minimum peak inrush current ( lin p min.)
the lowest specified value of the peak of the inrush current

2.2.32
maximum peak inrush current ( liq p max.)
the maximum specified value of the peak inrush current

fin A

fin p max.

fin p min. ~ :

Figure 3 — |, against t at Y

2.2.33

peak-to-peak inrush current (I

the value of the inrush current measupés [ itive and negative peaks (see
figure 4)

2.2.34

minimum peak-to-peak inrush current (
the lowest specified value ¢

2.2.35

maximum peak to pea
the maximum o«®-

lin pp max.

IEC 1569/98

Figure 4 — |, against t at Uyns
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2.2.36

peak inrush power ( Pinp)

the peak power (U x I;, ;) measured at the maximum peak value of the current occurring during
the transient period from the moment of switching to the steady-state operating condition
measured under specified conditions of ambient temperature, voltage and circuit

2.2.37

maximum peak inrush power ( Pi, p max.)

the maximum peak power which can occur during the transient period before the thermistor
reaches its steady-state operating condition

2.2.38
maximum power ( Puayx.)

thermistor when the maximum voltage is applied under spesified
temperature, circuit and thermal dissipation when thermal equiliQrium~

2.2.39

dissipation factor ( 9)
the quotient (in W/K) of the change in power
change of the body temperature under gpecifi

2.2.40
thermal resistance ( Ry,)

the quotient (in K/W) of the t
power dissipated by the th

NOTE - "Dissipation factor"pand "

2.2.41
heat capacity ( G

the energy (in J) the jricrease its body temperature by 1 K

2.2.42
response ti
jent temperature change (t)

required by a thermistor to change its temperature between two

defined cond when subjected to a change in ambient temperature.

b) Response time by’power change (tp)

The time (in seconds) required by a thermistor to change its temperature between two
defined conditions of power input.

2.2.43

thermal time constant

the thermal time constant (ideal) for a thermistor is the product of its heat capacity and its

thermal resistance

a) Thermal time constant by ambient temperature change (7a)
The time required for a thermistor to respond to 63,2 % of an external step change in
ambient temperature.

b) Thermal time constant by cooling (1)

The time required for a thermistor to cool by 63,2 % of its temperature excess, due to
electrical heating, in still air.
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2.2.44

insulated thermistors

thermistors capable of meeting the requirements of the insulation resistance and voltage proof
tests when specified in the test schedule

2.2.45
surface temperature ( Ts)
the temperature under defined conditions at the boundary layer between two media

2.2.46
final surface temperature ( T)
the temperature reached under defined conditions when thermal equilibriu

2.3 Preferred values

2.3.1 Climatic categories

2.3.2 Bump test severities

The test severity given in the detail specification

Test Eb (IEC 60068-2-29)

Acceleration: 400 m/s?
Number of bumps: 4 000 total

Thermistors shall be mou
parasitic vibration.

2.3.3 Shock test.seve

Test severities g@'

“hree sueCessive shocks in each axis direction per specimen.
eparate specimens to be used for each axis (six shocks total per specimen).

Severity:

NOTE — The shock and bump tests are normally specified as alternatives.
2.3.4 Vibration severities
Test severities given in the detail specifications shall preferably be selected from the following:

Test Fc (IEC 60068-2-6)

Frequency Total number of
Hz sweep cycles

10to 55 3 x24

10 to 500 3x10

10 to 2 000 3x 8
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2.4 Marking
2.4.1 General

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

a) values of the primary characteristics appropriate to the application of the thermistor to be
specified in the detail specification. When these values are coded (including colour coding),
details shall be given in the detail specification or type designation;

b) manufacturer's name and/or trade mark;
c) date of manufacture;
d) the number of the detail specification and style.

The package containing the thermistors shall be clearly marked on listed

above.
Any additional marking shall be so applied that no confusio

2.4.2 Coding

Where coding for the date is used, the megthod shak elete(®m these given in IEC 60062.

3.1 General

When these documents i 4§ poses of a full quality assessment system
such as the IEC Quality A Electronic Components (IECQ), compliance
with 3.5 is requi@

When these docume such quality assessment systems for purposes such
as design proving procedures and requirements of 3.5.1 and 3.5.3 b) may
be used, but if us arts of tests shall be applied in the order given in the test

] e qualified according to the procedures of this section, the
manufacture ; i e approval of his organisation in accordance with the provisions of
IEC QC 00100

The method for the approval of thermistors of assessed quality given in 3.5 is qualification
approval according to the provisions of clause 3 of IEC QC 001002-3.

3.1.1 Applicability of qualification approval

Qualification approval is appropriate for a standard range of thermistors manufactured to
similar design and production processes and conforming to a published detail specification.

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

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

3.3 Subcontracting

If subcontracting of the primary stage of manufacture and/or subsequent stages is employed it
shall be in accordance with 4.2.2 of IEC QC 001002-3.

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

3.4 Structurally similar components

Thermistors may be grouped as structurally similar for the purpos
provided that the following requirements are met:

— they shall be produced by one manufacturer on one site ysing essentjal

reports.
3.4.1 For electrical tests, devices having th e characteristics may be grouped
provided that the element determinipg the istics is similar for all the devices
concerned.
3.4.2 For environmental 's| iCe e same encapsulation, basic internal

; devices may be grouped if they have been made
e dimensions, encapsulation and external finish.

This grouping may also™\Q Obustness of terminations and soldering tests where it is
convenient tQ ices R different internal structures.

3.4.4 , thermistors may be grouped if they have been made on the same
production dme design and differing only in electrical characteristics. If it can be

type may be acceptegiior the remaining members of the group.

3.5 Qualification approval procedures
3.5.1 Eligibility for qualification approval

The manufacturer shall comply with 3.1.1 of IEC QC 001002-3.

3.5.2 Application for qualification approval

The manufacturer shall comply with 3.1.3 of IEC QC 001002-3.
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