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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED RESISTORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object/of is to promote
international co-operation on all questions concerning standardization in the electrical\and ele ronic flelds To
this end and in addition to other activities, IEC publishes International Standards,
Technical Reports, Publicly Available Specifications (PAS) and Guides q
Publication(s)”). Their preparation is entrusted to technical committees; any | i 9 if{tee ipterested
in the subject dealt with may participate in this preparatory work. ti \

Publications is accurate, IEC cannot b
misinterpretation by any end user.

In order to promote |nternat|onal unlformlt . i mittees undertake to apply IEC Publications
and regional publications. Any divergence

éther direct or indirect, or for costs (mcludlng legal fees) and
se of, or reliance upon, this IEC Publication or any other IEC

Capacitors and resistors for electronic equipment

This fourth edition cancels and replaces the third edition issued in 1999 and Amendment 1
(2001). It constitutes a technical revision.

This standard cancels and replaces IEC 61045-1 (1991), IEC 61045-2 (1991) and IEC 61045-2-1
(1991).

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

a) implementation of Annex Q which replaces Clause 3;
b) addition of new tests procedures in 4.34 through 4.38;

c) removal of the property "temperature characteristics" from 4.8;
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d) introduction of a new system of test severities for the shear test in 4.32;
e) introduction of new bias voltages for the damp heat steady-state test in 4.24;

f) furthermore, this fourth edition cancels and replaces the third edition published in 1999 and
constitutes minor revisions related to tables, figures and references.

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

FDIS Report on voting
40/1907/FDIS 40/1922/RVD

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

the report on

A list of all parts of the IEC 60115 series, under the general titl
electronic equipment, can be found on the IEC website.

related to the specific publication. At t

* reconfirmed,
e withdrawn,

* replaced by a revised
*+ amended.

xdition, or
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FIXED RESISTORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

1 General

1.1  Scope

This part of IEC 60115 is a generic specification and is applicable to fixed istors for use in

electronic equipment.

It establishes standard terms, inspection procedures and methods ¥ ;
and detail specifications of electronic components for quality asséssme eipurpose.

1.2 Normative references

Amendment 1(1993)
Amendment 2(1994)

IEC 60068-2-2:1974, Environmental testing — Part 2: Tests — Tests B: Dry heat
Amendment 1(1993)
Amendment 2(1994)

IEC 60068-2-6:2007, Environmental testing — Part 2: Tests — Test Fc: 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
Amendment 1(1986)
Documents
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IEC 60068-2-20:1979, Environmental testing - Part 2: Tests — Test T: Soldering
Amendment 2(1987)

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

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 60068-2-30:2005, Environmental testing — Part 2: Tests — Test Db: Damp heat, cyclic (12
h+ 12 h cycle)

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

IE 60068-2-54: 2006, Environmental testing — Part 2.54: Tg
of electronic components by the wetting balance method

IEC 60068-2-78:2001, En
state

Graphical symbols for diagrams
IEC 60617, Graphical symbols for diagrams

IEC 60695-11-5:2004, Fire hazard testing — Part 11-5: Test flames — Needle-flame test method
— Apparatus, confirmatory test arrangement and guidance

IEC 61193-2:2007,Quality assessment systems — Part 2: Selection and use of sampling plans
for inspection of electronic components and packages

IEC 61249-2-7:2002, 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

Documents
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IEC 61249-2-22: 2005, Materials for printed boards and other interconnecting structures — Part
2-22: Reinforced base materials clad and unclad — Modified non-halogenated epoxide woven E-
glass laminated sheets of defined flammability (vertical burning test), copper-clad

IEC 61249-2-35, Materials for printed boards and other interconnecting structures — Part 2-35:
Reinforced base materials clad and unclad — Modified epoxide woven E-glass laminated sheets
of defined flammability (vertical burning test), copper-clad for lead-free assembly?

IEC 61340-3-1:2006, Electrostatics — Part 3-1: Methods for simulation of electrostatic effects —
Human body model (HBM) electrostatic discharge test waveforms

IEC 61760-1:2006, Surface mounting technology — Part 1: Standarg ethod for the

specification of surface mounting components (SMDs)

IEC QC 001002-3:2005, /EC Quality Assessment System for Electr,
Rules of procedure — Part 3: Approval procedures

0

ISO 1000:1992, S/ units and recommendations for the use~Qf : d of certain
other units

2 Technical data

21 Units and symbols

Units, graphical symbols and letter symb 0 henever possible, be taken from the

following publications:
- |EC 60027;
— |EC 60050;
- |EC 60617;
— 1S0 1000.

order:

221

category dissipation

fraction of the rated dissipation exactly defined in the detail specification, applicable at the
upper category temperature, taking account of the derating curve prescribed in the detail
specification

NOTE 1 For resistors the category dissipation is zero, where the upper category temperature is the maximum
element temperature.

NOTE 2 Related terminology: rated dissipation, upper category temperature, derating curve

222

category temperature range

range of ambient temperatures for which the resistor has been designed to operate
continuously; this is given by the lower and upper category temperature

1 To be published. Documents
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NOTE Related terminology: lower category temperature, upper category temperature

2.2.3
critical resistance

resistance value at which the rated voltage is equal to the limiting element voltage (see 2.2.18
and 2.2.11)

NOTE 1 At an ambient temperature of 70 °C, the maximum voltage which may be applied across the terminations
of a resistor is either the calculated rated voltage, if the resistance is less than the critical resistance, or the limiting
element voltage, if the resistance is equal to or greater than the critical resistance. At temperatures other than
70 °C, it is important that account be taken of the derating curve and of the limiting element voltage in the
calculation of any voltage to be applied.

NOTE 2 Related terminology: Rated voltage, limiting element voltage

224
derating curve

upper and lower category temperature

NOTE 1 In the range between lower category temperature and rated
and between rated temperature and maximum element temperature it s
at the maximum element temperature. The slope depends on the thef

to abduct the dissipation to the environment.

NOTE 2 Related terminology: rated dissipation, rated temperg ementtemperature

225

family (of electronic components)

group of components which predominaptty
a defined function

particular physical attribute and/or fulfils

NOTE Related terminology: siQ

2.2.6
grade

heat-sink resis

resistor type desighed’for mounting on a separate heat-sink

NOTE Related terminology: insulated resistor

2.2.8

insulated resistor

resistor which fulfils the voltage proof and insulation resistance test requirements and the
damp-heat, steady-state test with a polarizing voltage applied when mounted on a metal plate

NOTE Related terminology: heat-sink resistor

229

insulation resistance

resistance of the encapsulation of the insulated resistor measured between the resistor
terminations connected together and any conducting mounting surface

NOTE Related terminology: insulated resistor

Documents
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2.2.10

insulation voltage

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

NOTE Related terminology: insulated resistor

2.2.11

limiting element voltage

maximum d.c. or a.c. r.m.s. voltage that may be continuously applied to the terminations of a
resistor (generally dependent upon size and manufacturing technology of the resistor)

NOTE 1 Where the term "a.c. r.m.s. voltage" is used in this standard, the peak voltage js
the r.m.s. value.

exceed 1,42 times

NOTE 2 This voltage can only be applied to resistors when the resistance value ) wer than the
critical resistance value.

NOTE 3 Related terminology: rated voltage, critical resistance

2212

lower category temperature

LCT

minimum ambient temperature at which a resistor ha operate continuously

NOTE Related terminology: upper category te

2.2.13
maximum element temperature

maximum stated temperature at any
operating condition

temperature is the
derating curve.

NOTE 2 Related termj

2.2.14
maximum Sk
maximu

NOTE Related termj

2.2.15
nominal resistance
designated resistance value usually indicated on the resistor

2.2.16

rated dissipation

maximum allowable dissipation at an ambient temperature of 70 °C under the conditions of the
endurance test at 70 °C and for which the permitted change in resistance for this endurance
test is not exceeded

NOTE 1 If the rated dissipation depends on special means supporting the abduction of the dissipation to the
environment, for example, special circuit board material, special conductor dimensions, heat-sink, such means have
to be identified whenever the rated dissipation is mentioned.

NOTE 2 The term for heat-sink resistors is defined as maximum allowable dissipation at an ambient temperature

of 25 °C, when mounted on the reference heat-sink, under the conditions of the endurance test at room temperature

for heat-sink resistors, and which will result in a change in resistance not greater than that spegified for_ thi
endurance test ﬁaé(u ﬁ‘ients
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NOTE 3 Related terminology: rated temperature, rated voltage

2.2.17

rated temperature

maximum ambient temperature at which the rated dissipation may be applied continuously
under the conditions of the endurance test prescribed for this temperature. It has a value of
70 °C, unless otherwise prescribed in the relevant sectional specification

NOTE Related terminology: rated dissipation

2.2.18

rated voltage
UI’

d.c. or a.c. r.m.s. voltage calculated from the square root of the prod
resistance and the rated dissipation

the nominal

NOTE 1 At high values of resistance, the rated voltage may not be appliga ¢ and the
construction of the resistor (see 2.2.11).

NOTE 2 Related terminology: rated dissipation, limiting element voltagge

2.2.19

stability class
term representing a predefined set of stability requi
resistance change assigned to individua

NOTE 1 The term “stability class” may be used\only i Ce
stability requirement for long term test, for
endurance at 70 °C. Stability requirements for ¢
class number.

NOTE 2 Related terminology: grade

2.2.20

style
subdivision of

variants, generallyo

onvdimensional factors, which may include several

NOTE Related terminglogy: family

2.2.22

surface mount resistor

fixed resistor whose small dimensions and nature or shape of terminations make it suitable for
use in hybrid circuits and on printed boards

NOTE Related terminology: type, style

2.2.23

temperature coefficient of resistance

o

relative variation of resistance between two given temperatures divided by the difference in the
temperature producing it

NOTE 1 It should be noted that the use of the term does not imply any degree of linearity for this function, nor
should any be assumed.

NOTE 2 Related terminology: variation of resistance with temperature Documents
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2.2.24

temperature rise

Tr

increase of temperature on or within a resistor generated by application of a dissipation and
depending on the thermal properties of the resistor, i.e. its capability to abduct the dissipation
to the environment

2.2.25

type

group of components having similar design features and manufacturing techniques, enabling
them to be considered together either for qualification approval or for quality conformance
inspection. They are generally covered by a single detail specification

NOTE 1 Components described in several detail specifications, may, in some cases, Be\considers

to the same type and may therefore be grouped for quality assessment purposes.

d as belonging

NOTE 2 Mounting accessories are ignored, provided they have no significant effe

NOTE 3 Related terminology: style

2.2.26
upper category temperature
ucT

NOTE 1 For resistors with a linear derating dow
equal to the maximum element temperature.

NOTE Related term

2.2.28
visible damage
visible damag

2.2.29
voltage coe

reversible change
change in resistanceper applied volt

2.3 Preferred values
2.3.1 General

Each sectional specification shall prescribe the preferred values appropriate to the subfamily;
for nominal resistance, see also 2.3.2.

2.3.2 Preferred values of nominal resistance

The preferred values of nominal resistance shall be taken from the series specified in
IEC 60063.

2.4 Marking
The information given in the marking is normally selected from the following list; Dtbrélﬁtixﬁents

importance of each item is indicated by its position in the list:
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a) nominal resistance;
b) tolerance on nominal resistance;

c) temperature coefficient (if applicable);

d) year and month (or week) of manufacture;
e) number of the detail specification and style reference;

f) manufacturer's name or trade mark.

The resistor shall be clearly marked with a) and b) above, and with as many of the remaining
items as is practicable. Any duplication of information in the marking on the resistor should be
avoided.

The package containing the resistor(s) shall be clearly marked with 3 nation listed

above.

specifications.

25 Coding

When coding is used for resistance value date of manufacture, the method shall

2.6 Packaging

Where applicable, the all provide information about packaging,

onditions shall not exceed the following limits:

+40 °C
75 %
all be stored in original package.

Further requirements

The resistor st

shall be prescribed by the relevant specification.
2.8 Transportation

Environmental conditions under transportation may exceed the above specifications for a
limited duration. The relevant specification may specify suitable conditions.

3 Quality assessment procedures

When this standard, and related sectional and detail specifications are used for the purpose of
a full quality assessment system such as IEC Quality Assessment System for Electronic
Components (IECQ), the relevant clauses of Annex Q apply.

NOTE Clause 3 has been moved to Annex Q. To maintain reference to previous editions of this standard, the
clause numbers of Clause 3 have been converted into the clause numbers of Annex Q as shown by following
example:

Subclause 3.1 — Clause Q.1 Documents
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Subclause 3.1.2 — Subclause Q.1.2

4 Test and measurement procedures

4.1 General

The sectional and/or blank detail specification shall indicate the tests to be carried out, the
measurements which are to be made before and after each test or subgroup of tests, and the
sequence in which the tests shall be performed. 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.

4.2 Standard atmospheric conditions
4.21 Standard atmospheric conditions for te

Unless otherwise specified, all tests all be made under standard

— temperature:
— relative humidity:

— air pressure:

a time sufficient

Before measure@s > ’ shall be stored at the measuring temperature for
for recovery at the ep

When measur c at-d temperature other than the specified temperature, the
S be corrected to the specified temperature. The ambient
temperat he YWeasyrements shall be stated in the test report. In the event of a
dispute,4he™ ements shall be repeated using one of the referee temperatures (as given
ditions as are prescribed in this specification.

When tests are condudcted in a sequence, the final measurements of one test may be taken as
the initial measurements for the succeeding test.

During the measurements, the resistor shall not be exposed to draughts, direct sunlight or
other influences likely to cause error.

4.2.2 Recovery conditions

Unless otherwise specified, recovery shall take place under the standard atmospheric
conditions for testing (4.2.1).

If recovery under closely controlled conditions is necessary, the controlled recovery conditions
of IEC 60068-1, 5.4.1 shall be used.

4.2.3 Referee conditions

For referee purposes, one of the standard atmospheric conditions for referee festsB@ﬁlﬂmentS
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IEC 60068-1, 5.2, as given below, shall be chosen.

Table 1 — Referee conditions

Temperature Relative humidity Air pressure
°C % kPa
20+ 1 63 to 67 86 to 106
23+ 1 48 to 52 86 to 106
25+ 1 48 to 52 86 to 106
27 £ 1 63 to 67 86 to 106

4.2.4 Reference conditions

For reference purposes, the standard atmospheric conditions for refg
1, 5.1 apply:

— temperature: 20 °C;
— air pressure: 101,3 kPa.

4.3 Drying

itioned asurement is made using

telore 3

Procedure Il: for 96 h + 4
The resistor shall then

activated alumina or s
oven to the begi

4.4 Visual exa

legible, as checked by visual examination. It shall be in accordance with

the requirements-of thg detail specification.

4.4.2 Dimensions (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.

When applicable, measurements shall be made in accordance with [IEC 60294.

Distortions of the component’s shape shall be checked with an optical equipment, and shall
comply with the dimensions prescribed in the detail specification.

The optical equipment shall provide sufficient magnification and geometrical resolution to

ensure an accuracy of 10 % of the permitted dimensional tolerance.

Documents
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4.4.3 Dimensions (detail)

All the dimensions prescribed in the detail specification shall be checked and shall conform to
the values prescribed.

4.5 Resistance

4.51 Test methods

Measurements of resistance shall be made by using a direct voltage of small magnitude for as
short a time as is practicable, in order that the temperature of the resistance element does not
rise appreciably during measurement.

In the event of conflicting results attributable to such test voltages, t
Table 2 shall be used for referee purposes.

Table 2 — Measuring voltageS(\x

Rated resistance

voltage_specified in

R

R<10Q

1ogsR<1oos(

100 Q < R<1kQ :
1kQSR<10kQ(
AN
10W§R<1)1%Q\ \ 10
100\k\9< <1 MQ
I\)\Mﬂ?(\ — 50

isfdnce is less than 10 Q, the measuring
at'the resistor dissipates less than 10 % of

In addition to the provisions for reference purposes, the points of measurement for resistors
shall be specified in the respective sectional specifications.

For leaded resistors a suitable definition should be based on a defined distance from the
resistor body.

For SMD resistors a suitable definition should be based on a reference to the component side
on which the resistance is to be measured.

Reproducibility of the measurement is the most critical issue, therefore the definition may
exclude the influence of the mounting of the specimen, for example, the influence of attached
solder.

Full document details: IEC 60115-12008
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4.5.2 Requirements

The resistance value at 20 °C shall correspond with the nominal resistance taking into account
the specified tolerance.

4.6 Insulation resistance
NOTE This test is applicable only to insulated resistors.
4.6.1 Test methods

The test shall be performed using one of the following four methods, as prescribed in the
relevant detail specification. The V-block method is the preferred method for resistors without
mounting devices.

4.6.1.1 V-block method

The resistor shall be clamped in the trough of a 90° metallic V~hlo ize” that the

b) for rectangular resistorsxthe resisto sh sitionéd in the block so that the termination
' i§ hearest io on

For cylindrical and rectangula [ ith~axial’ leads, any out-of-centre positioning of the

point of emergence of 1 ve body shall be ignored.
4.6.1.2 Foil m;

For resisto aking~gxial terminations, a space of 1 mm to 1,5 mm shall be left between
the edge of thexqil any each termination.

For resistors having axial terminations, the foil shall be wrapped around the whole body of the
resistor protruding by at least 5 mm from each end, provided that a 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 resistor.

4.6.1.3 Method for resistors with mounting devices

The resistor shall be mounted in its normal manner on a metal plate (or between two metal
plates) extending at least 12,7 mm in all directions beyond the mounting face of the resistor.

4.6.1.4 Method for rectangular surface mount resistors

The test shall be performed with the resistor mounted as shown in Figure 1.

The clamping force of the spring shall be 1,0 N = 0,2 N, unless otherwise specified in the detail
specification. The point of contact of the metal block shall be centrally located to ef3gye ppydents
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repeatability of the results.

Key

4.6.1.5 Method fo

The test shall b

Full document details: IEC 60115-12008
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A~ 0N

Metal block, test point A
Terminations of the resistor
Coating side

Radius 0,25 mm to O,
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IEC 227/99

Jig details:

Pressure

IEC 105/01

4 V-shaped metal block, test point A
5 Insulation material

— Insulation resistance and voltage proof test jig
for cylindrical surface mount resistors

4.6.2 Measuring conditions

For all resistors except surface mount resistors, the insulation resistance shall be measured
between both terminations of the resistor connected together as one pole and the V-block or
the metal foil or the mounting device as the other pole. The measuring voltage shall be either
100 V + 15 V d.c. for resistors with an insulation voltage lower than 500 V or 500 V + 50 V d.c.
for resistors with an insulation voltage equal to or greater than 500 V.

For surface mount resistors, the insulation resistance shall be measured with a direct voltage
of 100 V = 15V or a voltage equal to the insulation voltage between test points A and B, as
shown in Figure 1 and Figure 2 (test point A shall be positive).

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