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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIRECTLY HEATED NEGATIVE TEMPERATURE COEFFICIENT
THERMISTORS -

Part 1: Generic specification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for st
all national electrotechnical committees (IEC National Committees). The object| of IEC \is to promote

international co-operation on all questions concerning standardization in the electfical and
this end and in addition to other activities, IEC publishes International Stangd ]l e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a C ittee’interested
in the subject dealt with may participate in this preparatory work. i , tal and non-
governmental organizations liaising with the IEC also participate in thi . |E aborates closely
with the International Organization for Standardization (ISO) in accorda vi
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt , possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

mployees, servants or agents including individual experts and
ational Committees for any personal injury, property damage or

9) Attention~ AN to
~JEC'shall not"be held responsible for identifying any or all such patent rights.

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

This second edition cancels and replaces the first edition published in 2002 and constitutes a
minor revision related to tables, figures and references.

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

FDIS Report on voting
40/1878A/FDIS 40/1895/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The QC number that appears on the front cover of the publication is the specification nhumber
in the IEC Quality Assessment System for Electronic Components (IECQ).

IEC 60539 consists of the following parts, under the general title Directly heated negative
temperature coefficient thermistors:

Part 1: Generic specification

Part 2: Sectional specification: Surface mount negative temperature coefficient thermistors

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

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
* amended.

A bilingual version of this publication may be issued at a Iz

O
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DIRECTLY HEATED NEGATIVE TEMPERATURE COEFFICIENT
THERMISTORS -

Part 1: Generic specification

1 General

1.1 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.

purpose.

1.2 Normative references

IEC 60027-1, Letter symbols to be used in ic

IEC 60050, Internation : i al Vocabulary (IEV)

IEC 60068-1:1988, . g— Part 1: General and guidance
Amendment 1 (199

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

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

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

Amendment 1 (1986)
IEC 60068-2-17:1994, Environmental testing — Part 2-17: Tests — Test Q: Sealing

IEC 60068-2-20:1979, Environmental testing — Part 2-20: Tests — Test T: Soldering
Amendment 2 (1987)

IEC 60068-2-21:2006, Environmental testing — Part 2-21: Tests — Test U: Robustness of
terminations and integral mounting devices
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IEC 60068-2-27:1987, Environmental testing — Part 2-27: Tests — Test Ea and guidance:
Shock

IEC 60068-2-29:1987, Environmental testing — Part 2-29: Tests — Test Eb and guidance:
Bump

IEC 60068-2-32:1975, Environmental testing — Part 2-32: Tests — Test Ed: Free fall
Amendment 2 (1990)

IEC 60068-2-38:1974, Environmental testing — Part 2-38: Tests — Test Z/AD: Composite
temperature/humidity cyclic test

IEC 60068-2-45:1980, Environmental testing — Part 2-45: Tests — Tesi
Immersion in cleaning solvents
Amendment 1 (1993)

and guidance:

IEC 60068-2-52:1996, Environmental testing — Part 2-52: Tes
(sodium chloride solution)

ist, cyclic

solderability, resistance to dissolutio
mounting devices (SMD)

IEC 60068-2-69:2007, Environmental \tes — P
testing of electronic components for-s cesmounting devices (SMD) by the wetting balance

method

IEC 60068-2-78: 1, ; o — Part 2-78: Tests — Test Cab: Damp heat,
steady state

IEC 60294, Mea
terminations
IEC 60410, Sa g\plans and’procedures for inspection by attributes
IEC 60617, G

al symbols for diagrams

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

IECQ 001002-3, /IEC Quality Assessment System for Electronic Components (IECQ) — Rules
of procedure — Part 3: Approval procedures

ISO 1000, S! units and recommendations for the use of their multiples and of certain other
units
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2 Technical data

21 Units, symbols and terminology

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

— IEC 60027-1

— |IEC 60050

- IEC 60617

- 1S0O 1000

When further items are required, they should be derived in accordance
the publications listed above.

e\principles of

2.2 Terms and definitions

For the purposes of this document, the following terms and

221

type
products having similar design features manufae
within the manufacturer's usual range o i

NOTE 1 Mounting accessories are ignored, provid

NOTE 2 Ratings cover the combination of
— electrical ratings;
— sizes;

— climatic category.

NOTE 3 The Iimits® 3
2.2.2

style

2.2.4
negative temperature coefficient thermistor (NTC)
thermistor in which the resistance decreases with increasing temperature

2.2.5

directly heated negative temperature coefficient thermistor

thermistor which obtains its resistance variation by the changes of physical conditions such as
current through it, ambient temperature, humidity, wind velocity, gas, etc.

2.2.6

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 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.
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2.2.7
positive temperature coefficient (PTC) thermistor (for information only)
thermistor in which the resistance increases with increasing temperature

2238
thermistor with wire terminations
thermistor provided with wire terminations

229
thermistor without wire terminations
thermistor provided only with two metallized faces, to be used as electrical contacts

2.2.10

insulated thermistor
thermistor coated with materials such as resin, glass or ceramic
requirements of the insulation resistance and voltage proof tests
schedule

2.2.11

non-insulated thermistor
thermistor with or without coating materials for surfag
the requirements of the insulation resistance and Voltage proef tes
test schedule

not intended to meet
when specified in the

2.2.12
surface mount thermistor

thermistor whose small dimensions and nature ©
for use in hybrid circuits and on printed\boa

2.2.13
assembled thermisto

thermistor encapsulat
assembled with s 8
2.2.14
thermistor for se

thermistor wp
sensing and ¢o

e _of terminations make them suitable

2.2.15
inrush current g thermistor
thermistor which limits the inrush current just after switching on the power

2.2.16

residual resistance (only for inrush current-limiting thermistors)

value of the d.c. resistance of a thermistor when its thermal stability is reached with the
maximum current passing

2217

maximum permissible capacitance (only for inrush current-limiting thermistors)

maximum permissible capacitance value of a capacitor which can be connected to a
thermistor under loading

2.2.18

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
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2.2.19
rated zero-power resistance
nominal value at the standard reference temperature of 25 °C, unless otherwise specified

2.2.20
resistance-temperature characteristic
relationship between the zero-power resistance and the body temperature of a thermistor

The resistance law follows approximately the formula:

1.1
R:RaxeB[T_EJ

where
R is the zero-power resistance in ohms (Q) at absolute temperature
R, is the zero-power resistance in ohms (Q) at absolute temperatt

B is the thermal sensitivity index (see 2.2.22).

NOTE This formula is only applicable for representing the resistance
range. For more precise representation of the R/T-curve, a resista te
tabulated form in the detail specification.

IgR‘

Th T (K)
IEC 019/08

Figure 3 nce-temperature characteristic for NTC thermistors

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

2.2.22
B-value
index of the thermal sensitivity expressed by the formula:

B =[(T, x To)(Tp — T,)] X IN(R,/Ry)
or

B =2,303 x [(T, x Tp)/(Ty, — T,)]  l0g(R,/R,)

where
B is a constant in kelvins (K);

R, is the zero-power resistance in ohms (Q) at temperature T in kelvins (K);
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Ry, is the zero-power resistance in ohms (Q) at temperature T}, in kelvins (K);
T, =298,15K;

a

T, =358,15K .

* The values given above for T, and Ty, are the preferred values and are equivalent to +25°C and +85 °C
respectively.

NOTE 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 Ty in the calculation in place of the preferred values and the
B-value may be expressed by “Bap”.

2.2.23

zero-power temperature coefficient of resistance, oy
ratio at a specified temperature (7) of the rate of change of zero-po
temperature to the zero-power resistance of the thermistor, expressed b

esistance with

o = (1/R7) x (dR1/dT) x 100

The value o can be approximately calculated by the formu

where
o is the zero-power temperature coef
R+ is the zero-power resistance in ohm
B is the index of the thermal sensitivi

2.2.24

range of ambient te
continuously at zero-p

2.2.25

continuously at zero-power
2.2.27

storage temperature range

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

2.2.28

decreased power dissipation curve (not for inrush current-limiting thermistors)

relation between the ambient temperature and the maximum power dissipation P, ;.4 Which is
usually expressed as curve a or, alternatively, as curve b in Figure 2
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P max@
P maxé o
[ t
min 91 92 R 03 94 emax 0
Curve a
A
P max@
P maxé o
t >
6, k=6, o

G IEC 020/08

ssipation curve

2.2.29 s
maximum power dissipa bient temperature 6g (P ax6: )
maximum value of the be continuously applied to the thermistor

The rated ambi is the ambient temperature specified in the detail
specification and i

on at amblent temperature 0(Pmax0)

Curve a

The maximum power dissipation rises at a temperature 6, linearly to a temperature 6,.
Between temperature 6, and 63 the power dissipation is constant. When the temperature
exceeds 65, the power dissipation must be decreased linearly to zero at a temperature 6,

The maximum power dissipation at ambient temperature 6 in general is calculated as follows:

Pmaxe = Imaxex U

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

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