IEC 62024-2:2024-12 RLV(en)

IEC 62024-2

Edition 3.0 2024-12
REDLINE VERSION

INTERNATIONAL
STANDARD

3
QY
™
>
. A I
v | T
v
SV
O
N
Q

High frequency inductive components — Elecgcal characteristics and measuring
methods —

Pari

t 2: Rated current of inductors for D?\@-DC converters



https://iecnorm.com/api/?name=11fa668e279586ec06b54cead926f542

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2024 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Secretariat

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch

CH-1211 Geneva 20 www.iec.ch

Switzerland
About|the IEC
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and.publishes
International Standards for all electrical, electronic and related technologies.
About IEC publications
The technical content of IEC publications is kept under constant review by the IEC. Please make Sure that you hgve the
latest gdition, a corrigendum or an amendment might have been published.
IEC pyblications search - webstore.iec.ch/advsearchform IEC Products & Services Portal- products.iec.ch
The adlvanced search enables to find IEC publications by a Discover our powerful search iengine and read freely|all the
variety] of criteria (reference number, text, technical publications previews, gfaphical symbols and the glpssary.
commiftee, ...). It also gives information on projects, replaced  With a subscription you\will"always have access to up o date
and wifhdrawn publications. content tailored to youryneeds.
IEC Jyst Published - webstore.iec.ch/justpublished Electropedia « wwW.electropedia.org
Stay.t}a to date on all new IEC publications. Just Published  The world's feading online dictionary on electrotechpology,
details|all new publications released. Available online andonce  containing’ more than 22 500 terminological entries in English
a month by email. and French, with equivalent terms in 25 additional languages.

Alsa/known as the International Electrotechnical Vocabulary

IEC Cuyistomer Service Centre - webstore.iec.ch/csc

If you
further]
Centre

Vish to give us your feedback on this publication or need
assistance, please contact the Customer Service
[ sales@iec.ch.

(IEV)online.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=11fa668e279586ec06b54cead926f542

IEC 62024-2

Edition 3.0 2024-12
REDLINE VERSION

INTERNATIONAL
STANDARD

“ colour
inside

High frequency inductive components — Electrical characteristics and
megasuring methods —
Part 2: Rated current of inductors for DC-to-DC converters

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 29.100.10 ISBN 978-2-8327-0120-1

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=11fa668e279586ec06b54cead926f542

-2- IEC 62024-2:2024 RLV © IEC 2024

CONTENTS

O T T 1 I PP 4
1 S T oo o 1S 6
2 NOrMative referENCES .. o 6
3 Terms and definitions ... 6
4 Standard atmospheric CONAitIONS ... ... e 7
4.1 Standard atmospheric conditions for testing............cooooei i, 7
4.2 ReTErenCe CONAIIONS 1..vviiie i e e 7
5 Measuring method of direct saturation limited current (DC)........ccooviiiiiiiiiiinii e 7
51 General. . e el 7
5P Test CONAITIONS ...ouniei e e | 7
5.8 Measuring circuit and calculation ... e R e [ 8
b.3.1 Measuring CirCUit .........cciiiiiiiii e e e 8
b.3.2 Calculation ... e e 9
54 Attachment jig of iNducCtor ... A e 9
5.pb Measuring method ..o D e 9
5. Quality conformance iNSPection ........coooiiiiiiiiii e o e ...10
6 Measuring method of temperature rise limited current. s v ...10
6./ General. ..o ...10
6.pP Test CONAITIONS .. e ettt .10
6.B Y =TT U] T o ...10
5.3.1 General ..o T ...10
5.3.2 Printed-wiring board method s .11
5.3.3 Lead wire method ... ... e ...21
6.4 Measuring method and calculation ... ...22
5.4.1 LT o T=T = | o .22
5.4.2 Resistance substitution method ... .22
5.4.3 Thermocouple MEthod ... e .23
5.4.4 Thermal camera method ... ... .24
6.pb Quality confermance iNSPECLION ... ..o ...26
Determination Of rated current ... ...26
nformationte.be given in the detail specification...............c.cooiiiiiii i ...26
8.1 L€ = a1 =Y - Y PP ...26
8.p Measuring method of direct saturation limited current (DC)...........ccoviiiiiiinnns. ...26
8.B Measuring method of temperature rise limited current...................... ...26

Annex A {informative) Exampte of Tecommended description on product Specificatiom
Sheets and CatalogUES .. ..o e 27
BB O G AP Y . e 28
Figure 1 — Inductance measuring circuit under application of DC saturation condition............. 8
Figure 2 — Example of printed-wiring boards ..........coooiiriiiii i 21
Figure 3 — Temperature rise measuring circuit by resistance substitution method ................. 22
Figure 4 — Temperature rise measuring circuit by thermocouple method ........................o. 23
Figure 5 — Temperature rise measuring circuit by thermal camera method ............................ 25

Table 1 — Width Of CITCUILS ... e et e e 11


https://iecnorm.com/api/?name=11fa668e279586ec06b54cead926f542

IEC 62024-2:2024 RLV © IEC 2024

Circuit pattern-width-and-thickness

Fable 2

ot

LA~ R3]

o TUTt ppattor

L= =4 a — ey =

.21

Table 2 — WIre Size Of CIrCUITS ... e e aa e



https://iecnorm.com/api/?name=11fa668e279586ec06b54cead926f542

1)

2)

3)

4)

5)

6)

7)

8)

9)

This|redline’version of the official IEC Standard allows the user to identify the cha
madé¢ to the previous edition IEC 62024-2:2008. A vertical bar appears in the mT

-4 - IEC 62024-2:2024 RLV © IEC 2024

INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH FREQUENCY INDUCTIVE COMPONENTS -
ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

Part 2: Rated current of inductors for DC-to-DC converters

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization.compgrising
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promete international
cofoperation on all questions concerning standardization in the electrical and electronic fields) To this er|d and
in pddition to other activities, IEC publishes International Standards, Technical Specifications|, Technical Rgports,

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 deqlt with
may participate in this preparatory work. International, governmental and non-governmental organizations lijaising
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 petween the two organizatipns.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interngtional

cohsensus of opinion on the relevant subjects since each technical committee has representation frp
interested IEC National Committees.

m all

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Cdmmittees in that sense. While all reasonable efforts are made te’ ensure that the technical content ¢f IEC
Publications is accurate, IEC cannot be held responsible ferthe way in which they are used or fqr any

miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence between

anly IEC Publication and the corresponding national or,regional publication shall be clearly indicated in the|l

atter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide confprmity

aspessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible fp
sefvices carried out by independent certification*bodies.

Alllusers should ensure that they have the“latest edition of this publication.

r any

Nd liability shall attach to IEC or its direttors, employees, servants or agents including individual experfs and

mgmbers of its technical committeesiand IEC National Committees for any personal injury, property damg

ge or

other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgqr IEC

Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is

indispensable for the-carrect application of this publication.

At{ention 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.

has been made. Additions are in green text, deletions a
4

nges
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International Standard IEC 62024-2 has been prepared IEC technical committee 51: Magnetic
components, ferrite and magnetic powder materials.

This second edition cancels and replaces the first edition published in 2008. This edition
constitutes a technical revision.

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

a) addition of Table 2 and Figure 2 b).

The fext of this Tniernational Standard is based on the Tollowing documents:

CDV Report on voting
51/1303/CDV 51/1325/RVC

Full information on the voting for the approval of this International Standard can be found in the
repoft on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list|of all parts of IEC 62024 series, published under the general title High frequency inductive
components — Electrical characteristics and measuring methods can be found on thg IEC
webdite.

The ¢ommittee has decided that the contents of this. document will remain unchanged unfil the
stability date indicated on the IEC website under *http://webstore.iec.ch” in the data related to
the specific document. At this date, the docunient will be

—

g¢confirmed,
e withdrawn,

—

gplaced by a revised edition, or

e amended.

IMPIORTANT - The ("colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents:.Users should therefore print this document using a colour printer.



https://iecnorm.com/api/?name=11fa668e279586ec06b54cead926f542

-6 - IEC 62024-2:2024 RLV © IEC 2024

HIGH FREQUENCY INDUCTIVE COMPONENTS -
ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

Part 2: Rated current of inductors for DC-to-DC converters

1 Scope

This [part of IEC 62024 specifies the measuring methods of the rated DC limits for-fgmat
indugtors as defined below.

Stang@lardized measuring methods for the determination of ratings enable users|io accurately
compare the current ratings given in various manufacturers' data books.

This document is applicable to leaded and surface mount inductors with 'dimensions according
to IEC 62025-1 and generally with rated current less than-22 125 A, “although inductors| with
rated current greater than-22 125 A are available that fall within the./dimension restrictions of
this dlocument (no larger than a—12-mm-—x12-mm 625 mm?2 footprint-approximately). These
indugtors are typically used in DC-to-DC converters built on.printed circuit boards (PCBS), for
eleetfie electronic and telecommunication equipment, and ‘small size switching power supply
units

The measuring methods are defined by the saturation and temperature rise limitations induced
solely by direct current (DC).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their conptent
constitutes requirements of this doeument. For dated references, only the edition cited applies.
For pndated references, the latest edition of the referenced document (including| any
amendments) applies.

IEC $0068-1:2013, Envirgnmental testing — Part 1: General and guidance

IEC 20251 Hinh franyency induyctive compopnents Non-alactrical characteristicsl and
= QL9 Lo—— G e quency gty e—CoOMmMPoRerHs of-ereectHeaH—eAaaeteASHESTaha
meaduring-—methods DPart 1- Fivad syrface mouypnted—inductors for-use in—electronid—and
meagtHRg—emioas —at——+—Xea,—Stace—moetrtea—+RauectorS+or—usSe—+hr—erectrorHgana

3 Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

o |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1

direct saturation limited current (DC)

allowable value of direct current (DC) for which the decrease of the inductance is within the
specified value


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=11fa668e279586ec06b54cead926f542
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3.2

temperature rise limited current

allowable value of direct current (DC) for which the self-generation heat of the inductor results
in temperature rise within the specified value

4 Standard atmospheric conditions

4.1 Standard atmospheric conditions for testing

Standard atmospheric conditions for testing shall be as follows (see IEC 60068-1:2013, 4.3):

e tgmperature: 15 °C to 35 °C;
¢lative humidity: 25 % to 75 %;
e ajr pressure: 86 kPa to 106 kPa.

[ ]
-

In thg event of dispute or where required, the measurements shall be repeated.dsing the referee
temperatures and such other conditions as given in 4.2.

4.2 Reference conditions

For reference purposes, one of the standard atmospheric conditions for referee tests taken|from
IEC 60068-1:2013, 4.2, shall be selected and shall be as follows:

e tgmperature: 20 °C £+ 2 °C;
e r¢lative humidity: 60 % to 70 %;
e ajr pressure: 86 kPa to 106 kPa.

5 Measuring method of direct saturation limited current (DC)

5.1 General

When alternating current (AC) iniwhich direct current (DC) is superimposed is supplied o an
indugtor, the inductance of the.inductor decreases according to the DC-current value.

In a fypical application, the saturation current results from the peak current of the superposition
of alfernating current(AC) on direct current (DC). In this document, the saturation currgnt is
meagured as directcurrent (DC) offsetting a small signal alternating current (AC).

NOTE| It is not practical to set a standard for alternating saturation limited current (AC), because there|is an
unlimited numbér of different ways to apply alternating current (AC) in an application. Therefore, manufacturefs and
users have generally defined direct saturation limited current (DC) as a common point of reference. This document
does

5.2

Unless otherwise specified in the detail specification, the test conditions shall be in accordance
with Clause 4.

NOTE The variation of the value of direct saturation limited current (DC), as a function of temperature, is dependent
on the magnetic material and the structure of the magnetic core of the inductor. However, measurement of direct
saturating currents at elevated temperatures is generally not practical for inspection purposes. Therefore, the
measurement at room temperature as provided by this document is generally applied for specification purposes. De-
rating curves indicating variation of direct saturation limited current (DC) as a function of maximum operating
temperature of the inductor can be generated. These curves can be used to correlate the direct saturation limited
current (DC) at room temperature to the direct saturation limited current (DC) at typical operating temperatures. In
some cases,-it-willbecome-necessary-for the manufacturer and user-te will agree on an additional specification at a
high temperature such as 85 °C, 105 °C or 125 °C.
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5.3 Measuring circuit and calculation

5.3.1 Measuring circuit

The measuring circuit is as shown in Figure 1.

IEC 62024-2:2024 RLV © IEC 2024

DC superimposed current supply

()

R c Specimen
S 1

1

Virtual ground

C R I

| T

c -
osc @ A %g

‘_°_"_i|_‘—'—

Cc

V, \E
/\2/ 2

Y

Key
Complonents

R,  gource resistor R = R

R, fange select resistor R = R,

vV, oltmeterV, =£,

V, oltmeterV,—=£,

E, MS voltage value measured by voltmetep\¥
E, MS voltage value measured by voltiieter V,,
Ey MS voltage value of source

C C current blocking capacitor

Supplies

A frequency of sourcge

1 qupplied current to range select resistor
I, gupplied carrent to specimen
I =1

Figure1 — Induct . ircuit und licati £ DC i jith

IEC
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5.3.2

Calculation

Voltages £, and E, shall be measured when frequency f; and voltage E of the signal generator
are supplied in accordance with the detail specification, and an initial value of the inductance

shall

be calculated by the following formulae:

Ey  —E,
ST TR
r 2

Zy =|Zy|cosO + j|Zy|sind

5.4

Zy =Ry + jXy
L _Xa_ X
@ 2nf

is the resistance of the specimen;

is the reactance of the specimen;

is the impedance of the specimen;

is the equivalent series inductance of the specimen,;
is the applied voltage to the specimen;

is the applied voltage to the range select resistar (= I R,)(£,-can-beregarded-ascur
is the phase angle-difference-betweenk,-and-E, of the complex impedance.

Attachment jig of inductor

The attachment jig of the specimen shall-be specified in a detail specification (see Claussg

5.5
a) A
a) T

b) W
c) V

in
d T

Measuring method
short compensation shalkbe done before measurement.
he specimen shall be ‘connected to the circuit shown in Figure 1, by using the attach

ig specified in 5.4,

hen the specimen is connected by soldering, it shall be left until it becomes cool eng

pltages E4~and E, shall be measured when frequency f; and voltage Eg of the s

bneratorare supplied in accordance with the detail specification, and an initial value ¢
ductance shall be calculated by the formulae of 5.3.2.

he/value of the DC current that is superimposed on the specimen shall be modulateq

th

ment
ugh.
ignal

f the

and

einductance value shall he measured

e) The decrease from the initial value of the inductance shall be calculated. Direct saturation
limited current (DC) shall be determined by measuring the direct current (DC) when the
decrease in inductance matches the specified value in the detail specification.

f) The decrease in inductance that is specified in the detail specification should be 10 % or
30 %.

NOTE

10 % is one of the design points typical for sharp-saturating inductors, and 30 % is one of the design

typical for soft-saturating inductors. See Annex A.

points
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Quality conformance inspection

2024

The direct current (DC) specified in the detail specification shall be supplied to a specimen in
accordance with the methods specified in 5.3 to 5.5, and then inductance shall be measured.
The decrease in inductance shall be within the specified value.

6 Measuring method of temperature rise limited current

6.1
Whe

General

direct current (nr‘) IS eupplind to_an inrhmfnr, the inductor gnnnrafne heat h‘,’

itself

acco

NOTE
AC co
(DC).
will bg

NOTE
an un
and u
docun

6.2

Unle
temp

Since the value of DC-—current resistance incréases as a function of temperature,

appli
temp

ding to the supplied DC value because of its DC resistance.

1 Temperature rise results from self-heating of the inductor. The sources of heating are DG, copper |
pper losses and AC core losses. This document defines the temperature rise induced only(by“direct cy
n actual operating conditions, AC copper losses and AC core losses-are-considered for.the temperatu
considered. AC losses are highly affected by waveform, amplitude and frequency.

2 It is not practical to set a standard for alternating temperature rise limited currnent (AC), because th
imited number of different ways to apply alternating current (AC) in an applications Therefore, manufad

ent does the same.
Test conditions

Es otherwise specified in the detail specification, for example an elevated am
erature, the test conditions shall be in accordance-Wwith Clause 4.

Cations require a high ambient temperature’ such as 85 °C, 105 °C or 125 °C fo
erature rise test.

ers have generally defined-BC direct temperature rise limited current as a common point of referencq.

psses,
rrents
e rise

ere is
turers
This

bient

some
Ir the

h O D a O N in mith e 1
o e e s e e T thé
e e L = e e e = [T
typicajly referred to as the core loss minima temperature, above which point this loss begins to increase. The minima
T e e T e R T e o e s
sharpiminima temperatures. These considerations are taken into-account when applying temperature rise cyrrents
R e e L o e
loss-the overall total-loss atany giventemperature can-be dominated by DC loss or AC loss depending-on-the power
loss distribution-at room-temperature as well-as the variation of each of these power losses with temperature.
NOTE|1 Power losSes‘are factors that affect the efficiency of the DC-to-DC converter and the temperature fise of
the influctor duridg/actual operation, regardless of the operating temperature. In this document, temperatufe rise
currerlts are defingd in terms of direct currents (DC), so including alternating currents (AC) would be confusijg and
will bg remayedsfrom the test conditions. The power ferrite core losses decrease with increasing temperaturdg up to
a temperaturé "typically referred to as the core loss minima temperature, above which point this loss bedins to
increaseN{ he minima temperature and magnitude of loss are dependent on the material type and grade. Somef|ferrite
materials hnmnnnaan exhihit :hgrn minima h:mm:rnhlrn The h:mnnrahlrn variation of the loss of the metal wder

core, dependmg on the type of matenal is con3|derably smaller than that of the ferrite core and does not tend to
vary with temperature as the ferrite core exhibits.

NOTE 2 Regarding direct temperature rise limited currents (DC) at high temperatures, the variation in direct
temperature rise limited current (DC) with ambient temperature variation can be modelled. Measurement at room

tempe

rature is commonly applied for detail specifications.

specified in the detail specification.

6.3
6.3.1

Measuring jig

General

In any event, the ambient temperature for the test is

The measuring jig shall be either the printed-wiring board method given in 6.3.2 or lead wire
method given in 6.3.3, and shall be specified in the detail specification.
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6.3.2 Printed-wiring board method

The printed-wiring board shall be made of epoxide woven glass (FR4). Unless otherwise
specified in the detail specification, the dimensions shall be as shown in Table 1, Table 2 and

Figure 2.

Table 1 — Width of circuits

Rated-currentclass B otterpridin
i w
A e
Liass A <1 10+02
tets2 2.0+02
2<1<3 3003
3</I<5b 5,0+0,3
5 < <7 70=+05
<1<t b
HM<I<18 1650+ 0,5
18 <f<22 22,0+05
; . | . fioati
B e
Ratkd Rated Pattern Pattern Test\board Thermal Example application
current current of width thickness Environment
class inductor
1 w t
A mm um
I <1 1,0 £ 0,2 3540 Figure 2a) Low heat Consumer
clasp A 1< /<2 20+0,2 Figure 2g) dissipation
2<7<3 3,0+0,3 environments
3<I1<5 5,0+ 0,3
5< 1<7 7,0+0,5
7<1<11 11,0°+ 0,5
11<1<16 160 £ 0,5
16 <1<22 22,0+ 0,5
I 1<22 40,0+ 1.0 Figure 2b) Standard heat Consumer/Automqtive
clasp B Figure 2c) dissipation
Figure 2d) environments
/ <46 105 + 10 Figure 2h) High heat Consumer/Automqtive
clasp C dissipation
environments
I 1<125 1000 + 50 Figure 2b) Very high heat Automotive/Large
clasp © Figure 2e) dissipation current power lifie
Frgure2f) CNVITONMMENtS (datacenters, etwork
Figure 2i) infrastructure, etc.)
Figure 2j)
NOTE Winding cable to board: See Table 2.
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Rated current Pattern width Pattern thickness Example application
class W t
mm Bm
I P 22 0} + 0.2 35 1 10 . o : : . S

Locen 40-+0;2 35+10 Consumer-application{double-sided printed circuit

£ c 40+ 0,2 105-+10 Consumer-application{multilayer printed-circuit

Ja

40+ 02 1000+ 50 Automotive-orlarge-current power line-appliddtion
D +0; + Autometive-orlarge-current-powerline-appliggtion

Tolass AT 5€€ gure 2“"
2 Telass B,4class C,4class D: see gure 2;)'
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o S
B 100 +1 .
10105 B 80 +1 _
A
b
fo
N JYRS;
| 1)
o
. \ VR
% U035 20,071~ [
- 1'40,1
IEC
_ 100 1 _
f?’i 10 0,5 o B 80 +1 -
£,:130,5 f;1240,5
A
A i
o
S w| ¥
+H <
o~ +
) ..
| N
A ;
—|-
10,1
——>~I<—
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B 100 +1 _
1005 B 80 #1 -~
A
)\ T
A<
T m
=
4l
) \ o YR
\ R
L 20,1 ] 2101 m\ 0,035 0,01
|| 2101 S 1301 ||
e 0 At

Ngm—eﬁr"eg"egv‘l{y‘fgﬁ{gfﬂ{anéfs according to-th . ifi X
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- 15—
Dimensions in millimetres
B 100 +1 _
1005 B 80 +1 _
A
O
0,035 +0,01_ |||
<_
|| 2201 21201 Wl o
A 30 0,5
IEC
a) Example of printed-wiring board for SMD type (/;|555 A)
Dimension in millimgtres
210 £0,5

S
+
N
g

y

A |

+05
IEC
b) Example of printed-wiring board for SMD type (7,

class B’ Iclass C’ class D)
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Dimension in millimetres

A

f5:10£0,5

fa 1205

IEC

c) Example of printed-wiring board for SMD type (/¢|55s B> Iclass C)
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Dimensions in millimetres

100 +1

A
Y

5505 551205

A
Y

5,3 0,1 | 25,3 20,1

o220

20 0,5

A

10,1

A

y

NOTE Install crimp terminals suitable for the wire size. (See Table 2.)

d) Example of printed-wiring board for SMD type ({3{a3ss B: Iclass C)

Dimensions in millimgtres

100 %1

A
Y

55+05 55405

A
y
i

| 85,3 20,1

25,9 0.1
g
g o 8
» =1
.m‘j) +l
Y R
Y Y il

10,1
10,1

A

Y
A

IE

NOTE 1 Install crimp terminals suitable for the wire size. (See Table 2.)

NOTE 2 Lead wires can also be fitted near the inductor terminals as a sense trace on a class D board.

e) Example of printed-wiring board for SMD type (/|55 D)
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Dimensions in millimetres

30 0,5

A

Y

‘ 100 %1 _
8,5+0,5 - o 8,505
o A M
28,4 +0,1 | 28,4 20,1
=)
- al
5 o
S ol 9
N o
- |
Q o
\ o
A / il
A 10,1
1+0,1 ]
||t
IE
NOTE 1 Install crimp terminals suitable for the wire size. (See Table 2.)
NOTE 2 Lead wires can also be fitted near the inductor terminals as a,seéqse trace on a class D board.
f) Example of printed-wiring board for SMP’type (I;|5355 D)
Dimensions in millimgtres
- 100 %1 _
105 B 80 +1 _
A
W
( )—
A<
R o
{
LS
\ v 0,035 0,01
+
|l 20,1 || 2201 A 0302007,
o T Y 10,1
240,1 F =
R 0

g) Example of printed-wiring board for lead type (/

class A)

IEC
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Dimensions in millimetres
. 100 +1 -
55405 A o 55105
A I
25,3 0,1 | 95,3 0,1
<
N
o
\i
A

IEC
NOTE Install crimp terminals suitable for the wire size. (See Table 2.)
h) Example of printed-wiring board for lead type (I35 B: Iclass C)
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Dimensions in millimetres

A 100 21 _
5105 | . ., |_5205
A M
25,3 £0,1 5,3 0,1
S
bl
(@]
0 ~
0
+l
o
N
Y Y ]

1401

1101

IEC

NOT

I
RN

Install crimp terminals suitable for the wire sizex(See Table 2.)

L
N

NOT] Lead wires can also be fitted near the indutt{or terminals as a sense trace on a class D board.
i) Example of printed:wiring board for lead type (/;|555 D)
Dimensions in millimgtres

100 1

A
Y

8505 _ _ 85105

28|4 £0,1 28,4 £0,1

20+0,5

1101
10,1
—>

rﬂ i

IEC

NOTE 1 Install crimp terminals suitable for the wire size. (See Table 2.)

NOTE 2 Lead wires can also be fitted near the inductor terminals as a sense trace on a class D board.

j) Example of printed-wiring board for lead type (/;|555 D)
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Key

Copper areas

Voltage measuring areas
(Voltage should be measured at the product's electrodes in case the DC resistance of the product is
lower than the pattern resistance)

Current applying connection areas

- 21 -

Non-solderable areas (covered with non-solderable lacquer)

Solderable areas (only the recommended surface should be covered by soldering)

NOTE 3
NOTE 4

NOTE 5

6.3.3 Lead wire method

Material of patterned areas: copper.

Pattern width (W): see Table 1.

a, b, ¢, d,, d, and p: according to the detail specification.

Material of substrate: epoxide woven glass (FR4).

ey, ey, €5 and f; 5 according to the detail specification.

Figure 2 — Example of printed-wiring boards

Unless otherwise specified in the detail specification, dhe“wire diameter of the lead wire to

conngct the inductor and the measuring circuit shall b€ in accordance with Table 2.

Table 2 — Wire size of circuits

Wi .

$£%$3§§

1
A
1<3
—r
e
H<l<16
16 < /<22
o

Rated current of inductors Wire size To connect to the test board
1
A mm AWG (for reference) Crimp terminals
1<3 0,65 + 0,05 22 R1.25-5
3<I<5 0,8 £ 0,05 20 R1.25-5
5<I<11 1,3+0,1 16 R1.25-5
11<71<16 1,65+ 0,1 14 R2-5
16 <1< 22 2,0+0,1 12 R5.5-5
22 <71<35 3,3+£0,1 8 R8-5
35<71<46 4,1+0,1 6 R14-5
46 <1< 55 5,2+0,1 4 R22-8
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55 <7<90 6,5+0,1 2 R38-8
90 <7<125 8,3£0,1 0 R60-8

Cros

NOTE 1 AWG is a wire diameter number of American Wire Gauge.

s section area of the conductor remains the same.

NOTE 2 Multiple strands of finer conductor wire gauges can be used in lieu of a single wire gauge if the composite

6.4
6.4.1

The

methpd of 6.4.3, or the thermal camera method of 6.4.4, and shall be specifiedlin the

spec

6.4.2 Resistance substitution method

a) The specimen shall be connected to the circuit shown in Figure 3,"by using the meas

J

b)

Higure 3 — Temperature rise measuring circuit by resistance substitution metho(

W
T
p
pfrevent trapping heat inside.
T
te
p

Measuring method and calculation

General
measuring method shall be the resistance substitution method of 6.4.2, the thermoc

fication.

) specified in 6.3.

Voltmeter

(V)=
N

R

X

— oYYV _o o

Specimen
Ammeter Q)

I
-
NI

DC power supply

IEC

he specimen,should be measured inside a cubic box of roughly 20 cm on each si
revent temperature change from air flow. The box may have some vents in the t

he specimen shall be measured on the condition that it does not contact directly wit
stbeard any surface. When it is measured by mounting on the printed-wiring board

buple
letail

uring

)

hen the specimenis connected by soldering, it shall be left until it cools to the test ambient.

He to
bp to

h-the
, the

rinted-circuit board on which the specimen is mounted shall not contact directly wit

h-the

test-board any surface.
d) The resistance value of the specimen and ambient temperature 7,4 shall be measured before

d

irect current (DC) is supplied.

e) Direct current (DC) shall be supplied to the specimen from a direct power supply. After the
DC voltage value of the specimen becomes steady, DC-ecurrent value 7, and DC voltage

value E, shall be measured by the ammeter and the voltmeter; ambient temperature ¢,, shall
also be measured. The resistance value R, shall then be calculated by the following formula.

Ex

RX:I

X
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w
I

X

here
is the DC-ecurrent value;

E, is the DC voltage;

R

X

is the resistance of the specimen.

f) The temperature rise value ¢ of the specimen shall be calculated by the following formula,
by using the resistivity coefficient of the metal and the resistance of the specimen.

|ta1 - fazl shall be 5 °C or less.

A
A
[(
g) T
v
h) T
tH
c
tH
i)y T
ri
N T
4
6.4.3
a) T

ig specified in 6.3.

Ry—Ry
1=ty —lyy =[ 7 j(c+fa1)+fa1 ~la2
1
here
is the temperature rise value (°C);

is the temperature of the specimen when direct current (DC) is stpplied (°C);

LA vg

L1 Is the initial ambient temperature (°C);

L, is the ambient temperature when direct current (DC) is ‘supplied (°C);
4 is the resistance of winding at temperature 74 = 7,4,(Q);

o is the resistance of winding at temperature 1, (<);

is—a—material-constant—C for copper—=234.5 related to the thermal coefficig

resistivity of the winding conductor. Fartfe purposes of this document the valy
copper shall be taken as 234,5.

he value of the supplied direct current{DC) shall be modulated and the temperaturg
blue shall be measured.

emperature rise limited current shall be determined by measuring direct current (DC)
e temperature rise value becomes the specified value in the detail specification.
bnsecutive temperature readings made 1 min apart-and-shown should not-te vary by
an 1 °C.

he temperature rise_of connecting conductor shall be less than 50 % of the temper
5e of the specimeng

he temperatureTrise value that is specified in the detail specification should be 20
D °C.

Thermocouple method
he specimen shall be connected to the circuit shown in Figure 4, by using the meas

nt of
e for

b rise

when
Two
more

ature

Cor

uring

Thermocouple

|

Specimen

Ammeter

-
N

DC power supply

IEC

Figure 4 — Temperature rise measuring circuit by thermocouple method
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b)
c)

d)

g)

h)

i)

)
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When the specimen is connected by soldering, it shall be left until it cools to the test ambient.

The specimen should be measured inside a cubic box of roughly 20 cm on each side to
prevent temperature change from air flow. The box may have some vents in the top to
prevent trapping heat inside.

The specimen shall be measured on the condition that it does not contact directly with the
test board. When it is measured by mounting on the printed-wiring board, the printed-wiring
board on which the specimen is mounted shall not contact directly with the test board.

Consideration The thermocouple shall be-given-te in the correct measuring position-ef-the
thermo-couple for the temperature measurement. It should be placed at the location where
the maximum temperature of the inductor will occur. The best location may be direct contact
[The surface of the specimen, or within the coil by placing the thermocouple inside, or
hder the coil by positioning it prior to winding.

he measuring position shall be specified in the detail specification.

a
u

T

The temperature of the specimen 7y and ambient temperature ¢, shall be measured before
d|rect current (DC) is supplied.

D

irect current (DC) shall be supplied to the specimen from a DC poweft supply. Aftdr the
tgmperature of the specimen becomes steady, the temperature.of the specimen 74 and

mbient temperature ¢,, shall be measured again.

he value of the supplied direct current (DC) shall be modulated, and the temperature rise

a

Criteria of temperature stability: AT <1 (°C /min).
T

value shall be calculated by the following formula.
|

01 — ta2‘ shall be 5 °C or less

t:(tZ *taz)a(ﬁ *ta1)

where
t is the temperature rise value (°C);

¢ is the initial temperature of the specimen (°C);

tp is the temperature of the'specimen when direct current (DC) is supplied (°C);
th4 is the initial ambienttemperature (°C);

tho is the ambientfemperature when direct current (DC) is supplied (°C).

The temperature.rise limited current shall be determined by measuring direct current|(DC)
when the temperature rise value becomes the specified value in the detail specificTtion.
TWwo consecutive temperature readings made 1 min apart-ard-shown should not-te vafry by
more than-1 °C.

T

he temperature rise of the connecting conductor shall be less than 50 % of the temperpture
iseof the specimen.

—

The temperature rise value that is specified in the detail specification should be 20 °C or
40 °C.

6.4.4 Thermal camera method

a)

The specimen shall be connected to the circuit shown in Figure 5, by using the measuring
jig specified in 6.3.
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Thermal camera

/\

Specimen

Ammeter

-
N

DC power supply

IEC

Figure 5 — Temperature rise measuring circuit by thermal camera metho@

b)
c)

hen the specimen is connected by soldering, it shall be left until it cools to t best ambient.

W\

The test piece and the conductor of the test current should be painted blaqﬁ/% he emispgivity
should be pre-set so that the appropriate temperature can be measuregy’

.
p
p

he specimen should be measured inside a cubic box of roughly ‘cm on each sifle to
'event temperature change from air flow. The box may have e vents in the tpp to
revent trapping heat inside. The box may have an opening foréb thermal camera to [have
line of sight access to the top of the test specimen.

d)

The specimen shall be measured on the condition that itc@es not contact directly with any
spirface. When it is measured by mounting on the pri@d—wiring board, the printed-wiring
bpard on which the specimen is mounted shall not c@t ct directly with any surface.

The measuring position shall be specified in the il specification.

e) The temperature of the specimen ¢, and amb@ttemperature t51 shall be measured bgfore
d|rect current (DC) is supplied. Q:\

f) Djrect current (DC) shall be supplied to®e specimen from a DC power supply. Aftgr the
tgmperature of the specimen beco steady, the temperature of the specimen ¢4 and
abient temperature ¢,, shall be easured again.

Criteria of temperature stabili V&T <1 (°C /min).

g) The value of the supplied Q@éct current (DC) shall be modulated, and the temperaturg rise
value shall be calculateo@y the following formula.
|

.1 — 40| shall be @C’or less
C)O
@. t=(tz —tap)—(t1 —ta1)
Where O

i e temperature rise value (°C);
¢ \<<f§ the initial temperature of the specimen (°C);

~

t, is the temperature of the specimen when direct current (DC) is supplied (°C);

t is the initial ambient temperature (°C);

al
t,o is the ambient temperature when DC current is supplied (°C).
h) The temperature rise limited current shall be determined by measuring direct current (DC)

when the temperature rise value becomes the specified value in the detail specification.
Two consecutive temperature readings made 1 min apart should not vary by more than 1 °C.

i) The temperature rise of the connecting conductor shall be less than 50 % of the temperature
rise of the specimen.

j) The temperature rise value that is specified in the detail specification should be 20 °C or
40 °C.
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Quality conformance inspection

The direct current (DC) specified in the detail specification shall be supplied to a specimen in
accordance with the methods specified in 6.3 and 6.4, and then the temperature rise value shall
be measured.

The t

emperature rise value of the specimen shall be within the specified value.

7 Determination of rated current

For
ate
this ¢

8.1
The f

8.2
a) F
b) A
c) A
d) D

22
4 = 4= =

ny inductor that IS given a current rating, a direct saturation mited curren valy
perature rise limited current value, whichever is less, defined and measured as _sho
ocument, shall be adopted as the rated current.

hformation to be given in the detail specification

General

ollowing information shall be given in the detail specification.

Measuring method of direct saturation limited current/(DC)
Fequency f; and voltage Eg (see 5.3.2, 5.5 d)).

ftachment jig (see 5.4).
lowable decrease in inductance (see 5.5 f)).
irect saturation limited current (DC) (see 5.6).

Measuring method of temperature rise limited current
easuring jig (see 6.3).
easuring method (see 6.4).
emperature rise value (see*6.4.2 h), 6.4.3 h), 6.4.4 h)).
easuring position (if thermocouple method is applied) (see 6.4.3 d)).
emperature rise limited current (see 6.4.4).

e, or
vn in
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Annex A
(informative)

Example of recommended description on product
specification sheets and catalogues

Both the direct saturation limited current (DC) value and the temperature rise limited current

value should be described on product specification sheets and catalogues.

It should be specified whether the direct saturation limited current (DC) value is deter

ined

wher] the allowable decrease in inductance value is at 10 % or 30 %.

Sharp saturation is defined as inductance that decreases by more than 8 % for a 10 % increase

in bias current, measured where bias current has already reduced the inductance by
compared with the unbiased inductance. Soft saturation is defined as inductance-that decrg

B0 %
ases

by legs than 8 % for a 10 % increase in bias current, measured where bias‘gurrent has aljeady

redug¢ed the inductance by 30 % compared with the unbiased inductance;

Sharp saturating inductors have a steep drop in inductance beyond an inflection point
thergfore they are specified and designed to operate at load currents that are less tha
currgnt at the inflection point. 10 % is used for a standard specification point because i
typicgl design point. Other values, such as 20 % or 30 %, may be used by mutual agreeg
betwgen manufacturer and user.

Soft |saturating inductors have a continual and gradual drop in inductance, without a
defined inflection point, and therefore they are .specified and designed to operate at
currgnts that typically push inductance down by 20 % to 50 %, or even more as the applig
allowss. 30 % is used for a standard specificatioh point because it is a typical design poin

and
h the
is a
ment

well-
load
ation
(but

not necessarily a requisite design point). Qther values, such as 20 % or 50 %, may be usé¢d by

mutupl agreement between manufacturef;and user.

It should be specified whether the<temperature rise limited current value is determined
the t¢mperature rise of the inductor is 20 °C or 40 °C.

When the rated current is-us&d indicated in a specification sheet or catalogue, it should b

vhen

e the

lower one of the directesaturation limited current (DC) value and the temperature rise lifnited

curreint value.

NOTE| Unless otherwise specified in the detail specification, the operating temperature is the ambient tempg
plus the temperature-rise of the inductor.

rature
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Table 2 — Wire size of circuits
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH FREQUENCY INDUCTIVE COMPONENTS -
ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

Part 2: Rated current of inductors for DC-to-DC converters

2024

FOREWORD

blicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Puplication(s)").

y participate in this preparatory work. International, governmental and non-governnierital organizations |
h the IEC also participate in this preparation. IEC collaborates closely with the International Organizat
hndardization (ISO) in accordance with conditions determined by agreement between the two organizati

hsensus of opinion on the relevant subjects since each technical cammittee has representation fr
erested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N
mmittees in that sense. While all reasonable efforts are made te’ ensure that the technical content

Sinterpretation by any end user.

IEC Publication and the corresponding national orregional publication shall be clearly indicated in the

N

Eessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible f
fvices carried out by independent certification*bodies.

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

liability shall attach to IEC or its directors, employees, servants or agents including individual exper
mbers of its technical committeesiand IEC National Committees for any personal injury, property dam
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
benses arising out of the publication, use of, or reliance upon, this IEC Publication or any othg
blications.

ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
ispensable for the-carrect application of this publication.

C draws attention ,to the possibility that the implementation of this document may involve the use
ent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rig
pect thereaf{As of the date of publication of this document, IEC had not received notice of (a) patent(s),
y be required to implement this document. However, implementers are cautioned that this may not rep
latestinformation, which may be obtained from the patent database available at https://patents.iec.ch [4
w.ise.org/patents. IEC shall not be held responsible for identifying any or all such patent rights.

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization.compgrising
national electrotechnical committees (IEC National Committees). The object of IEC is to promete international
operation on all questions concerning standardization in the electrical and electronic fields) To this erld and
hddition to other activities, IEC publishes International Standards, Technical Specifications|, Technical Rgports,

Their

bparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with

aising
on for
pns.

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interngtional

bm all

tional
bf IEC

blications is accurate, IEC cannot be held responsible ferthe way in which they are used or fqr any

order to promote international uniformity, IEC National Committees undertake to apply IEC Publidations
nsparently to the maximum extent possible in their national and regional publications. Any divergence between

latter.

C itself does not provide any attestation of conformity. Independent certification bodies provide confprmity

br any

s and
hge or
) and
r IEC

bns is

of (a)
hts in
which
resent
nd/or]

errite

This third edition cancels and replaces the second edition published in 2020. This edition
constitutes a technical revision.

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

a) extension of scope by increase of range of rated current from 22 A to 125 A;

b) extension of scope by increase of footprint limitation from 12 mm x 12 mm to 625 mm?;

c) addition of upper current limitation for /45 g, {cjass ¢ @nd Iass p POard to Table 1;

d) revised application examples for Table 1;
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e) addition of wire size references for current ranges between 22 A <7< 125 A to Table 2;
f) addition of crimp terminal references to Table 2;

g) addition of thermal camera method.

The text of this International Standard is based on the following documents:
Draft Report on voting

51/1522/FDIS 51/1532/RVD
Full iwmmww j j i ing indicated in
the apove table.
The llanguage used for the development of this International Standard is English.
This [document was drafted in accordance with ISO/IEC Directives, Part 2,.'and developgd in
accofdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avalilable
at wyvw.iec.ch/members_experts/refdocs. The main document types developed by IEC are
descfibed in greater detail at www.iec.ch/publications.
A list|of all parts of IEC 62024 series, published under the general title High frequency indyctive
components — Electrical characteristics and measuring methods can be found on thg IEC
websgite.
The ¢gommittee has decided that the contents of this,decument will remain unchanged untjl the
stability date indicated on the IEC website under webstore.iec.ch in the data related tp the
specf|fic document. At this date, the document will be
e rg¢confirmed,

e withdrawn, or

e revised.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=11fa668e279586ec06b54cead926f542
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HIGH FREQUENCY INDUCTIVE COMPONENTS -
ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

Part 2: Rated current of inductors for DC-to-DC converters

1 Scope

2024

defin

Stan
comg

This
to IE
curre
docu
conv
equif

This tart of IEC 62024 specifies the measuring methods of the rated DC limits for inducto

d below.

jardized measuring methods for the determination of ratings enable users|io accuy
are the current ratings given in various manufacturers' data books.

document is applicable to leaded and surface mount inductors with 'dimensions acco|
C 62025-1 and generally with rated current less than 125 A, although inductors with
nt greater than 125 A are available that fall within the dimension restrictions of
ment (no larger than a 625 mm?2 footprint). These inductors(are typically used in DC-t
prters built on printed circuit boards (PCBs), for eléctronic and telecommunic
ment, and small size switching power supply units.

rs as

ately

rding
rated
this
b-DC
ation

The measuring methods are defined by the saturation‘and temperature rise limitations induced

solel

2 Normative references

The following documents are referred toin the text in such a way that some or all of their co

cons
For
amer

IEC {

3 1

For t

ISO

by direct current (DC).

itutes requirements of this document. For dated references, only the edition cited ap
undated references, the latest edition of the referenced document (including
dments) applies.

0068-1:2013, Environmental testing — Part 1: General and guidance

'erms and definitions
ne purposés of this document, the following terms and definitions apply.

and\JEC maintain terminology databases for use in standardization at the folld

addrgsses:

ntent
blies.
any

wing

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1

direct saturation limited current (DC)
allowable value of direct current (DC) for which the decrease of the inductance is within the
specified value

3.2

temperature rise limited current
allowable value of direct current (DC) for which the self-generation heat of the inductor results
in temperature rise within the specified value
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4 Standard atmospheric conditions

4.1

Standard atmospheric conditions for testing

Standard atmospheric conditions for testing shall be as follows (see IEC 60068-1:2013, 4.3):

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

In th

temp)

4.2

Forr
IEC ¢

e Ig

e a

% £ ol 4 [ H At F [ [ F | H o
CVUITUUT UTopPuUlT U WITTCTT TOUYUITTU, LTITC TTTCAoSUT TTITITTIlO olTd Vo TOUpPTaivu uollly aurc 1o

eratures and such other conditions as given in 4.2.

Reference conditions

pference purposes, one of the standard atmospheric conditions for referee tests taken
0068-1:2013, 4.2, shall be selected and shall be as follows:

mperature: 20 °C + 2 °C;

lative humidity: 60 % to 70 %;

r pressure: 86 kPa to 106 kPa.

5 Measuring method of direct saturation limited current (DC)

5.1

General

When alternating current (AC) in which direct current (DC) is superimposed is supplied

indud

In a
of al
meas

NOTE|
unlimi
users

does

5.2

Unle
with

NOTE|

tor, the inductance of the inductor decreases according to the DC value.

pical application, the saturation current results from the peak current of the superpo
ernating current (AC) on direct current (DC). In this document, the saturation curré
ured as direct current (DC) offsetting a small signal alternating current (AC).

It is not practical to set @ standard for alternating saturation limited current (AC), because there
ed number of different ways to apply alternating current (AC) in an application. Therefore, manufacture
have generally defined direct saturation limited current (DC) as a common point of reference. This doc|
he same.

Test conditions

Clause‘4-.

The variation of the value of direct saturation limited current (DC), as a function of temperature, is depq

eree

from

O an

sition
bnt is

is an
rs and
ument

5s otherwis€e specified in the detail specification, the test conditions shall be in accordance

ndent

on thée—

e mancuiramant £
reasSuteeht

of direct

maanat matarial and +h P TIRP-S TR f th macnati 3 £ +h mmductar Llovaan,
Aaghetehaterar—ahathne—Stuetdsf o—te—maghede—Eeoere—oer—teHadector—owever—NH t

saturating currents at elevated temperatures is generally not practical for inspection purposes. Therefore, the
measurement at room temperature as provided by this document is generally applied for specification purposes. De-
rating curves indicating variation of direct saturation limited current (DC) as a function of maximum operating
temperature of the inductor can be generated. These curves can be used to correlate the direct saturation limited
current (DC) at room temperature to the direct saturation limited current (DC) at typical operating temperatures. In
some cases, the manufacturer and user will agree on an additional specification at a high temperature such as 85 °C,
105 °C or 125 °C.
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5.3 Measuring circuit and calculation
5.3.1 Measuring circuit

The measuring circuit is as shown in Figure 1.

DC superimposed current supply

()

O Virtual ground
R, ﬁ Specimen I |c|: R I
_;'_H_.._o_l Y v ¥ ‘—_O>—0—|'—1—,:
C — C—
osc @ A E, '
Y, \VE
/\2/ 2
% IEC
Key
Complonents

R,  gource resistor R = R

R, range select resistor R = R,

vV, oltmeter

V, oltmeter

E, MS voltage value measured by voltmeter\V
E, MS voltage value measured by voltmeter V,
Eg MS voltage value of source

C C current blocking capacitor

Supplies

A frequency of sourcge

1, qupplied current to range select resistor
I, gupplied carrent to specimen
I =1

Fig { — Induct . ircuit | licati £ DC i lition
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5.3.2

Calculation

Voltages £, and E, shall be measured when frequency f; and voltage E of the signal generator
are supplied in accordance with the detail specification, and an initial value of the inductance

shall

be calculated by the following formulae:

Ey _-Eq4
S TR
r 2

Zy =|Zx|cosO + j|Z,|sino

5.4

Zy =Ry + jXy
L _Xa_ X
@ 2nf

is the resistance of the specimen;

is the reactance of the specimen;

is the impedance of the specimen;

is the equivalent series inductance of the specimen,;

is the applied voltage to the specimen;

is the applied voltage to the range select resistor (= /R,);

is the phase angle of the complex impedance.

Attachment jig of inductor

The attachment jig of the specimen shallbe specified in a detail specification (see Clause

5.5
a) A
b) T

c) W
d) V|
in
e) T

Measuring method
short compensation shall:be done before measurement.

he specimen shall be connected to the circuit shown in Figure 1, by using the attach

ig specified in 5.4.

hen the specimen’is connected by soldering, it shall be left until it becomes cool eng

pltages £, «and E, shall be measured when frequency f; and voltage Eg of the s

Enerator-are supplied in accordance with the detail specification, and an initial value ¢
ductanee’shall be calculated by the formulae of 5.3.2.

hesvalue of the DC current that is superimposed on the specimen shall be modulateg

th

ment
ugh.
ignal

f the

and

eninductance value shall be measured.

f) The decrease from the initial value of the inductance shall be calculated. Direct saturation
limited current (DC) shall be determined by measuring the direct current (DC) when the
decrease in inductance matches the specified value in the detail specification.

g) The decrease in inductance that is specified in the detail specification should be 10 % or
30 %.

NOTE

10 % is one of the design points typical for sharp-saturating inductors, and 30 % is one of the design

typical for soft-saturating inductors. See Annex A.

points
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Quality conformance inspection

2024

The direct current (DC) specified in the detail specification shall be supplied to a specimen in
accordance with the methods specified in 5.3 to 5.5, and then inductance shall be measured.
The decrease in inductance shall be within the specified value.

6 Measuring method of temperature rise limited current

6.1
Whe

General

direct current (nr‘) IS eupplind to_an inrhmfnr, the inductor gnnnrqfne heat h‘,’

itself

acco

NOTE|

AC copper losses and AC core losses. This document defines the temperature rise induced only(by’direct cU

(DC).

AC logses are highly affected by waveform, amplitude and frequency.

NOTE
an un
and u

docunjent does the same.

6.2

Unle
temp

Since the value of DC resistance increases as afunction of temperature, some applicg

requi
test.

NOTE|
the in

currerlts are defined in terms of direct currents (DC), so including alternating currents (AC) would be confusin
will bgd removed from the test conditions. The power ferrite core losses decrease with increasing temperature

a tem

increalse. The minima temperature and.magnitude of loss are dependent on the material type and grade. Some

mater|
core,
vary

NOTE|

tempefature rise limited clrrent (DC) with ambient temperature variation can be modelled. Measurement a
temperature is commenly applied for detail specifications. In any event, the ambient temperature for the

specif
6.3
6.3.1

ding to the supplied DC value because of its DC resistance.

1 Temperature rise results from self-heating of the inductor. The sources of heating are DG, copper |

n actual operating conditions, AC copper losses and AC core losses for the temperature rise will be consi

2 It is not practical to set a standard for alternating temperature rise limited current (AC), because th
imited number of different ways to apply alternating current (AC) in an applications Therefore, manufad
pers have generally defined direct temperature rise limited current as a common point of reference

Test conditions

Es otherwise specified in the detail specification, for example an elevated am
erature, the test conditions shall be in accordance-Wwith Clause 4.

re a high ambient temperature such as 85<€, 105 °C or 125 °C for the temperatursg

1 Power losses are factors that affect thg>efficiency of the DC-to-DC converter and the temperature
Huctor during actual operation, regardless.of the operating temperature. In this document, temperatu

berature typically referred to as the core loss minima temperature, above which point this loss bed
als components exhibit sharp minima temperature. The temperature variation of the loss of the metal p
Hlepending on the type of material, is considerably smaller than that of the ferrite core and does not t
ith temperature as the ferrite core exhibits.

2 Regarding direct~temperature rise limited currents (DC) at high temperatures, the variation in

ed in the détail specification.

Measuring jig

psses,
rrents
Hered.

ere is
turers
. This

bient

tions
rise

ise of
e rise
g and
up to
ins to
ferrite
owder
bnd to

direct
room
est is

General

The measuring jig shall be either the printed-wiring board method given in 6.3.2 or lead wire

meth

od given in 6.3.3, and shall be specified in the detail specification.
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6.3.2 Printed-wiring board method

The printed-wiring board shall be made of epoxide woven glass (FR4). Unless otherwise
specified in the detail specification, the dimensions shall be as shown in Table 1, Table 2 and
Figure 2.

Table 1 — Width of circuits

Rated Rated Pattern Pattern Test board Thermal Example application
current current of width thickness Environment
class inductor
1 4 t
A mm um
I <1 1,0+0,2 35+ 10 Figure 2a) Low heat Congtmer
clasp A 1<1<2 20+0,2 Figure 2g) dissipation
2.7<3 3,0+0,3 environments
3<I1<5 5,0+0,3
5<I<7 7,0+0,5
7<I1<11 11,0+ 0,5
11<71<16 16,0 + 0,5
16 <1< 22 22,0+0,5
I 1<22 40,0 £1.0 Figure 2b) Standard: heat Consumer/Automgqtive
clasp B Figure 2c) dissipation
Figure 2d) enyiropments
J; 1< 46 105 + 10 Figure 2h) High heat Consumer/Automqtive
clasg C dissipation
environments
I 1<125 1000 £+ 50 Figure 2b) Very high heat Automotive/Large
clasp D Figure2e) dissipation current power life
Figuref) environments (data centers, netyvork
Figure 2i) infrastructure, etc.)
Figure 2j)
NOTE Winding cable to board: See Table 2.
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Dimensions in millimetres

- 100 +1 o
10205 B 80 +1 _
A
O
0,035 +0,01_ ||l
<_
|| 2201 21201 Wl o
A 30 +0,5
IEC
a) Example of printed-wiring board for SMD type (I;|555 A)
Dimension in millimetres
A 100 +1 |
- A 80£1 L
/510 £0,5 B .
A |
DS A +
F ok tels
N (@) +
K | A&
Y R A N
>~y Y VY Y 1
) f5:12+0,5 "l
(1R *05 - 1201
/i - <0,

IEC

b) Example of printed-wiring board for SMD type (I.|35s B> Iclass C’ Iclass D)
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Dimension in millimetres

A

f5:10£0,5
&)
N
g
\i
A
fa 1205

IEC
c) Example of printed-wiring board for SMD type (/.|55s B> Iclass C)
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Dimensions in millimetres

B 100 +1 _
55405 | . | 55105
A 1
5,3 0,1 | 25,3 20,1
o
= H
% o] %
& {] O—
i H
P o
\i «
Y N |
A t

A

10,1

L]
A

NOTE Install crimp terminals suitable for the wire size. (See Table 2.)

d) Example of printed-wiring board for SMD type (I3{3ss B: Iclass C)

Dimensions in millimetres

B 100 +1 o
55+05 | | . | .55%05
A M
25, £0,1 | 53201
S
- H
=3 A o
H o)
N o
o +l
© o
\i o
| A | il
A 1201 ] ||
1£0,1

Y
A

NOTE 1 Install crimp terminals suitable for the wire size. (See Table 2.)

NOTE 2 Lead wires can also be fitted near the inductor terminals as a sense trace on a class D board.

e) Example of printed-wiring board for SMD type (/|55 D)
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Dimensions in millimetres

‘ 100 %1 o
85+0,5 - - 8,505
- A M
28,4 20,1 | 28,4 20,1
S
- 1l
y o
b 0 ¥
N o
- F
v o
\ o
A / il
A 10,1
10,1 ||
| |-
IE
NOTE 1 Install crimp terminals suitable for the wire size. (See Table 2.)
NOTE 2 Lead wires can also be fitted near the inductor terminals as a,sense trace on a class D board.

f) Example of printed-wiring board for SMB’type (I;|5355 D)

Dimensions in millimgtres

- 100 +1 -
10p5 B 80 <1 -
A
W
E o IS
R 0
o
T
€ Y3
\ vy
20,1 2+0.1 A 0,035+0,01_
20, ] 210, -
; T o 1101
20,1 S R
B H
30 0,5

IEC

g) Example of printed-wiring board for lead type (/5 555 A)
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Dimensions in millimetres

100 1

A

A

55105

A

55105

\i

5.3 +0,1 | 95,3 0,1

IEC

NOTE Install crimp terminals suitable for the wire size. (See Table 2.)

h) Example of printed-wiring board for lead type (I35 B: Iclass C)
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Dimensions in millimetres

A 100 +1 _
5105 - o . 510,5
A M
5,3 0,1 '-':: 25,3 0,1
S
+
Q
0 ~
s
+
o
N
Y \ il
10,1
1201
LB
IEC
NOTE 1 Install crimp terminals suitable for the wire sizex(See Table 2.)
NOTE 2 Lead wires can also be fitted near the indu¢tor terminals as a sense trace on a class D board.
i) Example of printed:wiring board for lead type (/;|555 D)
Dimensions in millimgtres
A 100 +1 o
8p 10,5 B - 85105
A M
84 £0,1 1 28,4 0,1
S
A o
™ <
o
+
o
N
Y Y |

1101
10,1
—>

rﬂ i

IEC

NOTE 1 Install crimp terminals suitable for the wire size. (See Table 2.)

NOTE 2 Lead wires can also be fitted near the inductor terminals as a sense trace on a class D board.

j) Example of printed-wiring board for lead type (/;|555 D)
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7 )
m Solderable areas (only the recommended surface should be covered by soldering)

Current applying connection areas

Voltage measuring areas
(Voltage should be measured at the product's electrodes in case the DC resistance of the product is
lower than the pattern resistance)

- Non-solderable areas (covered with non-solderable lacquer)

Copper areas

NOTE 1 a, b, ¢, dy, d, and p: according to the detail specification.

4
O
3
TTT
N

Material of substrate: epoxide woven glass (FR4).

4
O
3
TTT
w

Material of patterned areas: copper.

P4
(@]
]
T
N

Pattern width (W): see Table 1.

P4
@]
]
TTT
(@)}

eq, ey, €5 and f; 5 according to the detail specification.
Figure 2 — Example of printed-wiring boards

6.3.3 Lead wire method

Unless otherwise specified in the detail specification, dhe“wire diameter of the lead wire to
conngct the inductor and the measuring circuit shall b€ in accordance with Table 2.

Table 2 — Wire size of circuits

Rated current of inductors Wire size To connect to the test bgard
1
A mm AWG (for reference) Crimp terminals
1<3 0,65 + 0,05 22 R1.25-5
3<I<5 0,8 £ 0,05 20 R1.25-5
5<r1<11 1,3+0,1 16 R1.25-5
11<1<16 1,65+ 0,1 14 R2-5
16 <1<22 2,0+0,1 12 R5.5-5
22 <1 <35 3,3+0,1 8 R8-5
357 %46 4,1+£0,1 6 R14-5
46 <1< 55 5,2+0,1 4 R22-8
55 <71<90 6,5+0,1 2 R38-8
90<71<125 8,3+0,1 0 R60-8
NOTE 1 AWG is a wire diameter number of American Wire Gauge.
NOTE 2 Multiple strands of finer conductor wire gauges can be used in lieu of a single wire gauge if the composite
cross section area of the conductor remains the same.

6.4 Measuring method and calculation
6.4.1 General

The measuring method shall be the resistance substitution method of 6.4.2, the thermocouple
method of 6.4.3, or the thermal camera method of 6.4.4, and shall be specified in the detail
specification.
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6.4.2

a) The specimen shall be connected to the circuit shown in Figure 3, by using the measuring
jig specified in 6.3.

(e}
~ ~

O

d)

e)

Resistance substitution method

Voltmeter

(V)=
N

R

X

o YYY L o o

W
T
p
p
T
S
b
T
d

D

S
nj

Specimen
Ammeter Q)

I, )
N

DC power supply

IEC

igure 3 — Temperature rise measuring circuit by resistance substitution methog

he specimen should be measured inside a cubic box ef¢oughly 20 cm on each si
revent temperature change from air flow. The box may have some vents in the t
revent trapping heat inside.

irface. When it is measured by mounting onsthe printed-wiring board, the printed-g
pard on which the specimen is mounted shallynot contact directly with any surface.

he resistance value of the specimen and a@mbient temperature 7,4 shall be measured b
rect current (DC) is supplied.

irect current (DC) shall be suppliedto the specimen from a direct power supply. Afte

nall be measured by the ammeter and the voltmeter; ambient temperature ¢, shall al
easured. The resistance.value R, shall then be calculated by the following formula.

i

hen the specimen is connected by soldering, it shall be left untilit cools to the test ambient.

He to
bp to

he specimen shall be measured on the condition‘that it does not contact directly with any

ircuit

cfore

r the

DC voltage value of the specimen-becomes steady, DC value /, and DC voltage valje E,

50 be

ro=tx
where

I| is the(DC value;

E| isithe DC voltage;

Ri—is-the resistance of the specimen-

The temperature rise value ¢ of the specimen shall be calculated by the following formula,
by using the resistivity coefficient of the metal and the resistance of the specimen.

|ta1 - ta2| shall be 5 °C or less.

Ro—Ry
1

t:tz—ta2=[ j(c+fa1)+fa1—fa2

where

t

is the temperature rise value (°C);

t, is the temperature of the specimen when direct current (DC) is supplied (°C);
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g)

h)

6.4.3 Thermocouple method

b)

d)
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is the initial ambient temperature (°C);

t,o is the ambient temperature when direct current (DC) is supplied (°C);
R, s the resistance of winding at temperature 7, = 154 (Q);

R, is the resistance of winding at temperature ¢, (Q);

C is related to the thermal coefficient of resistivity of the winding conductor. For the
purposes of this document the value for copper shall be taken as 234,5.

The value of the supplied direct current (DC) shall be modulated and the temperature rise
value shall be measured.

Temperature rise limited current shall be determined by measuring direct current (DC) when
the temperature rise value becomes the specified value in the detail specification.| Two
cpnsecutive temperature readings made 1 min apart should not vary by more than™1 °C.

The temperature rise of connecting conductor shall be less than 50 % of the - temperpture
rise of the specimen.

The temperature rise value that is specified in the detail specification,should be 20 {C or
4p °C.

The specimen shall be connected to the circuit shown in Eigure 4, by using the measpuring
jig specified in 6.3.

Thermocouple

|

Specimen

Ammeter

-
N

DC power supply

IEC

Figure 4 — Temperature rise measuring circuit by thermocouple method

hen the specimen is connected by soldering, it shall be left until it cools to the test ambient.

W

The specimenyshould be measured inside a cubic box of roughly 20 cm on each sifde to
pfevent temperature change from air flow. The box may have some vents in the tpp to
pfrevent trapping heat inside.
T
te
b

he specimen shall be measured on the condition that it does not contact directly with the
st’board. When it is measured by mounting on the printed-wiring board, the printed-wiring
pard on which the specimen is mounted shall not cantact directly with the test bhoard

The thermocouple shall be in the correct measuring position for the temperature
measurement. It should be placed at the location where the maximum temperature of the
inductor will occur. The best location may be direct contact at the surface of the specimen,
or within the coil by placing the thermocouple inside, or under the coil by positioning it prior
to winding.

The measuring position shall be specified in the detail specification.

The temperature of the specimen ¢, and ambient temperature ¢, shall be measured before
direct current (DC) is supplied.

Direct current (DC) shall be supplied to the specimen from a DC power supply. After the
temperature of the specimen becomes steady, the temperature of the specimen f, and

ambient temperature 7,, shall be measured again.

Criteria of temperature stability: AT < 1 (°C /min).
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g) The value of the supplied direct current (DC) shall be modulated, and the temperature rise
value shall be calculated by the following formula.

| 141 — tao| shall be 5 °C or less

t=(t2 —ta2) = (11 ~ta1)

where
t is the temperature rise value (°C);

t1 is the initial temperature of the specimen (°C);

tp is the temperature of the specimen when direct current (DC) is supplied (°C);
th4 is the initial ambient temperature (°C);
tho is the ambient temperature when direct current (DC) is supplied (°C).

h) The temperature rise limited current shall be determined by measuring-direct current|(DC)
when the temperature rise value becomes the specified value in the’detail specification.
Two consecutive temperature readings made 1 min apart should nef vary by more thanft °C.

i) The temperature rise of the connecting conductor shall be less tham 50 % of the temperpture
rise of the specimen.

j) The temperature rise value that is specified in the detaihspecification should be 20 [C or
4p °C.

6.4.4 Thermal camera method

a) The specimen shall be connected to the circuit.shown in Figure 5, by using the measpuring
jig specified in 6.3.

Thermal camera

/\

Specimen

Amreter

)
N

DC power supply

IEC

Figure'd — Temperature rise measuring circuit by thermal camera method

b) When'the specimen is connected by soldering, it shall be left until it cools to the test ambient.

c) Theutest piece and the conductor of the test current should be painted black or the emisgivity
should be pre-set so that the appropriate temperature can be measured.

d) The specimen should be measured inside a cubic box of roughly 20 cm on each side to
prevent temperature change from air flow. The box may have some vents in the top to
prevent trapping heat inside. The box may have an opening for the thermal camera to have
line of sight access to the top of the test specimen.

The specimen shall be measured on the condition that it does not contact directly with any
surface. When it is measured by mounting on the printed-wiring board, the printed-wiring
board on which the specimen is mounted shall not contact directly with any surface.

The measuring position shall be specified in the detail specification.

e) The temperature of the specimen ¢, and ambient temperature 7, shall be measured before
direct current (DC) is supplied.
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h)

i)

)
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Direct current (DC) shall be supplied to the specimen from a DC power supply. After the
temperature of the specimen becomes steady, the temperature of the specimen f, and

ambient temperature 7,, shall be measured again.
Criteria of temperature stability: AT < 1 (°C /min).

The value of the supplied direct current (DC) shall be modulated, and the temperature rise
value shall be calculated by the following formula.

| 141 — tao| shall be 5 °C or less

1=(t2 —tag) —(t1—ta1)

Where
t is the temperature rise value (°C);

¢ is the initial temperature of the specimen (°C);

tp is the temperature of the specimen when direct current (DC) is supplied (°C);
th4 is the initial ambient temperature (°C);

tho is the ambient temperature when DC current is supplied (%CY.

The temperature rise limited current shall be determined by measuring direct current|{(DC)
when the temperature rise value becomes the specified value in the detail specification.
TWwo consecutive temperature readings made 1 min apartshould not vary by more than 1 °C.
T

he temperature rise of the connecting conductor shall be less than 50 % of the temperpture
rise of the specimen.

The temperature rise value that is specified<io the detail specification should be 20 {C or
4p °C.

Quality conformance inspection

The direct current (DC) specified in the detail specification shall be supplied to a specimgen in
accofdance with the methods specified in 6.3 and 6.4, and then the temperature rise value|shall

be measured.

The femperature rise value of the specimen shall be within the specified value.

7

Determination of rated current

For gny indugtot that is given a current rating, a direct saturation limited current (DC) valye, or
a temperature-rise limited current value, whichever is less, defined and measured as shown in

this Jocument, shall be adopted as the rated current.

8

8.1

Information to be given in the detail specification

General

The following information shall be given in the detail specification.

8.2
a)
b)
c)
d)

Measuring method of direct saturation limited current (DC)
Frequency f; and voltage Eg (see 5.3.2, 5.5 d)).

Attachment jig (see 5.4).
Allowable decrease in inductance (see 5.5 f)).
Direct saturation limited current (DC) (see 5.6).
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8.3 Measuring method of temperature rise limited current

a) Measuring jig (see 6.3).

b) Measuring method (see 6.4).

c) Temperature rise value (see 6.4.2 h), 6.4.3 h), 6.4.4 h)).

d) Measuring position (if thermocouple method is applied) (see 6.4.3 d)).
e) Temperature rise limited current (see 6.4.4).
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Annex A
(informative)

Example of recommended description on product
specification sheets and catalogues

2024

Both the direct saturation limited current (DC) value and the temperature rise limited current

value should be described on product specification sheets and catalogues.

It should be specified whether the direct saturation limited current (DC) value is deter

ined

wher] the allowable decrease in inductance value is at 10 % or 30 %.

Sharp saturation is defined as inductance that decreases by more than 8 % for a 10 % increase

in bias current, measured where bias current has already reduced the inductance by
compared with the unbiased inductance. Soft saturation is defined as inductance-that decrg

B0 %
ases

by legs than 8 % for a 10 % increase in bias current, measured where biascgurrent has aljeady

redug¢ed the inductance by 30 % compared with the unbiased inductance;

Sharp saturating inductors have a steep drop in inductance beyond an inflection point
thergfore they are specified and designed to operate at load currents that are less tha
currgnt at the inflection point. 10 % is used for a standard specification point because i
typicgl design point. Other values, such as 20 % or 30 %, may be used by mutual agree
betwgen manufacturer and user.

Soft |saturating inductors have a continual and gradual drop in inductance, without a
defingd inflection point, and therefore they are .specified and designed to operate at
currgnts that typically push inductance down by 20 % to 50 %, or even more as the applic
allows. 30 % is used for a standard specificatioh point because it is a typical design poin

and
h the

is a
ment

well-
load
ation
(but

not necessarily a requisite design point). Qther values, such as 20 % or 50 %, may be usé¢d by

mutupl agreement between manufacturef;and user.

It should be specified whether the<temperature rise limited current value is determined
the t¢mperature rise of the indugctor is 20 °C or 40 °C.

When the rated current is indicated in a specification sheet or catalogue, it should be the
one ¢f the direct saturatign limited current (DC) value and the temperature rise limited cu
valug.

NOTE| Unless otherwise specified in the detail specification, the operating temperature is the ambient tempg
plus the temperature-rise of the inductor.

vhen

ower
rrent

rature
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMPOSANTS INDUCTIFS A HAUTE FREQUENCE -
CARACTERISTIQUES ELECTRIQUES ET METHODES DE MESURE -

Partie 2: Courant assigné des bobines d'inductance
pour les convertisseurs continu-continu

AVANT-PROPOS

LalCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée

de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). LJIEC a pour
de|favoriser la coopération internationale pour toutes les questions de normalisation™dahs les don|
de|l'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des-Normes internatio

5 Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (P
dep Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est copfieé a des comités d'é
auk travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis]
rnationales, gouvernementales et non gouvernementales, en liaison avec,TIEC, participent égal
auk travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation
se|on des conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techhiques représentent, dans la n
du|possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux d¢g
intéressés sont représentés dans chaque comité d’études.

Lep Publications de I'lEC se présentent sous la forme de récommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous le§ efforts raisonnables sont entrepris afin que
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue respo
de|l'éventuelle mauvaise utilisation ou interprétation quiseh est faite par un quelconque utilisateur final.

Dgns le but d'encourager I'uniformité internationale, les Comités nationaux de [I'I[EC s'eng
daps toute la mesure possible, a appliquer de fagon‘transparente les Publications de I'l|EC dans leurs publid
nafionales et régionales. Toutes divergences enfre toutes Publications de I'l[EC et toutes publications nati
ou|régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéeres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
fodrnissent des services d'évaluation{de conformité et, dans certains secteurs, accedent aux mg
de|conformité de I'lEC. L’IEC n'est respohsable d'aucun des services effectués par les organismes de certifi
indépendants.

Aucune responsabilité ne deit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
y ¢ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
défoulant de la publication ou de l'utilisation de cette Publication de I'l[EC ou de toute autre Publication de
oulau crédit quilui est accordé.

ttention«est/attirée sur les références normatives citées dans cette publication. L'utilisation de public
drencées-est obligatoire pour une application correcte de la présente publication.

L'IEG attire I'attention sur le fait que la mise en application du présent document peut entrainer l'utilisation d

s les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

objet
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hgent,
ations
nales

dants
rques
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I'lEC,
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I'lEC,

ations

un ou

de|plusieurs brevets. L'lEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité de tou

t droit

de brevet revendiqué a cet égard. A la date de publication du présent document, I'lEC n'a pas recgu notifi

cation

qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il est rappelé

aux responsables de cette mise en ceuvre qu’il ne s’agit peut-étre pas des informations les plus réc

entes,

qui peuvent étre obtenues dans la base de données disponible a I’adresse https://patents.iec.ch. L'IEC ne saurait

étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

L'IEC 62024-2 a été établie par le comité d’études 51 de I'l[EC: Composants magnétiques,
ferrites et matériaux en poudre magnétique. Il s'agit d'une Norme internationale.

Cette troisieme édition annule et remplace la deuxieme édition parue en 2020. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition

précédente:

a) le domaine d'application a été élargi en portant la plage du courant assigné de 22 A a 125 A;

b) le domaine d'application a été élargi en portant les limites de I'empreinte de 12 mm x 12 mm
a 625 mm?;

c) une limite haute de courant a été ajoutée pour les cartes /550 B> Lclasse ¢ € Zclasse D
dans le Tableau 1;

d) les exemples d'application ont été révisés pour le Tableau 1;

e) dpstailles-defils-deroference-ontoteajoutéespourieoscourantsdintensite 22 A<1<425 A
dans le Tableau 2;

f) des bornes a sertir de référence ont été ajoutées dans le Tableau 2;

g) l4 méthode par caméra thermique a été ajoutée.

Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
51/1522/FDIS 51/1532/RVD

Le rgpport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

abouti a son approbation.

La lapgue employée pour I'élaboration de cette Normeiinternationale est I'anglais.

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé
selor] les Directives ISO/IEC, Partie 1 et les Divectives ISO/IEC, Supplément IEC, disporjibles
sous|www.iec.ch/members_experts/refdocsi’Les principaux types de documents développés

par I'lEC sont décrits plus en détail sousWwww.iec.ch/publications.

Une liste de toutes les parties de la.série IEC 62024, publiées sous le titre général Compos$ants
indugtifs a haute fréquence — Caractéristiques électriques et méthodes de mesure, se tjouve

sur lg¢ site web de I'lEC.

Le cgmité a décidé que lexcontenu de ce document ne sera pas modifié avant la date de stgbilité
indiguée sur le site webyde I'lEC sous webstore.iec.ch dans les données relatives au document

rechgrché. A cette date, le document sera

—

gconduit,
slpprimé,-ou

revises
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CARACTERISTIQUES ELECTRIQUES ET METHODES DE MESURE -

Partie 2: Courant assigné des bobines d'inductance
pour les convertisseurs continu-continu

omaine d’application

ésente partie de I'lEC 62024 spécifie les méthodes de mesure des limites .dewco
hu assigné pour les bobines d'inductance, définies ci-aprés.

permettent aux utilisateurs de comparer avec exactitude les caractéristiques assi
de cqurant indiquées dans les fiches de données des différents fabricants:

Le présent document s'applique aux bobines d'inductance plombées’et a montage en su

dont
estg
supé

(emp

utilis

les dimensions sont conformes a [I'lEC 62025-1 ,ét ydont le courant as
Enéralement inférieur a 125 A, méme si des bobines «d‘inrductance de courant as
Fieur a 125 A sont disponibles et respectent les limites de dimensions du présent docu

(PCH, printed circuit boards), pour des équipements{électroniques et de télécommunica

ainsi

Les 1

que pour les blocs d'alimentation a découpage de petite taille.

par l¢ courant continu (DC) uniquement.

2 Reéférences normatives

Les g

de lgur contenu, des exigehces du présent document. Pour les références datées,

I'édit

on citée s'applique:sPour les références non datées, la derniére édition du docu

de référence s’applique)(y compris les éventuels amendements).

IEC 60068-1:2043; Essais d’environnement — Partie 1: Généralités et lignes directrices

3 Termes et définitions

Pour

urant

éthodes de mesure normalisées pour la détermination des caractéristiques assignées

nées

fface
signé
5igné
ment

reinte inférieure ou égale a 625 mm2). Ces bobines d'inductance sont habituellement
pes dans des convertisseurs continu-continu montés sur des cartes a circuit imprimé

ions,

héthodes de mesure sont définies par Iés'limites de saturation et d'échauffement induites

ocuments suivants sont ¢ités dans le texte de sorte qu'ils constituent, pour tout ou partie

seule
ment

les besoins du present document, les termes et definitions suivants s appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse https://www.iso.org/obp

3.1
cour

ant continu (DC) limite de saturation

valeur admissible de courant continu (DC) pour laquelle la diminution de I'inductance se situe

dans

les limites de la valeur spécifiée

Note a l'article: L’abréviation "DC" est dérivée du terme anglais développé correspondant "direct current".
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3.2

courant limite d'échauffement

valeur admissible de courant continu (DC) pour laquelle I'autoéchauffement de la bobine
d'inductance donne lieu a un échauffement dans les limites de la valeur spécifiée

4 Conditions atmosphériques normales

4.1 Conditions atmosphériques normales pour les essais

Les conditions atmosphériques normales pour les essais doivent étre les suivantes

irddl=EC 0069 42042 4 2\
VOII Frecogooo—1==0 o5 T-J)-

e tgmpérature: 15 °C a 35 °C;
Limidité relative: 25 % a 75 %;

ression atmosphérique: 86 kPa a 106 kPa.

>

©

En das de litige ou si cela est exigé, les mesurages doivent étre, répétés en utilisant
les tgmpératures de référence et les autres conditions données au 4.2¢

4.2 Conditions de référence

Pourl|les conditions de référence, I'une des conditions atmosphériques normales pour les egsais
de reférence données au 4.2 de I'lEC 60068-1:2013 doityétre choisie et doit correspgndre
a ce pui suit:

e tgmpérature: 20 °C £+ 2 °C;
Limidité relative: 60 % a 70 %;

ression atmosphérique: 86 kPa a 106 kPa.

° [}
© =2

5 Méthode de mesure du courant-continu (DC) limite de saturation

5.1 Généralités

Lorsque le courant alternatif )(AC, alternating current) sur lequel est superposé le coprant
contipu (DC) alimente ung bobine d'inductance, I'inductance de la bobine d'inductance dinminue
proportionnellement a laxvaleur du courant continu.

Dang une application type, le courant de saturation résulte du courant de créte lié
a la guperposition- du courant alternatif (AC) sur le courant continu (DC). Dans le pre¢sent
document, |€ courant de saturation est mesuré comme un courant continu (DC) qui decale
un cqurantsalternatif (AC) de faible signal.

NOTE| MN."n'est pas envisageable d'établir une norme pour le courant alternatif (AC) limite de satufation,
car les méthodes d'application d'un courant alternatif (AC) dans une application donnée sont trés nombreuses et
variées. De ce fait, les fabricants et les utilisateurs ont généralement défini un courant continu (DC) limite
de saturation comme point commun de référence. Le présent document suit la méme approche.
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5.2 Conditions d'essai

Sauf indication contraire dans la spécification particuliére, les conditions d'essai doivent étre
conformes a I'Article 4.

NOTE La variation de la valeur du courant continu (DC) limite de saturation, en fonction de la température, dépend
du matériau magnétique et de la structure du noyau magnétique de la bobine d'inductance. Cependant, le mesurage
des courants continus de saturation a températures élevées n'est généralement pas envisageable pour les besoins
des examens. De ce fait, le mesurage a température ambiante décrit dans le présent document est généralement
appliqué pour les besoins des spécifications. Des courbes du taux de réduction indiquant la variation du courant
continu (DC) limite de saturation en fonction de la température de fonctionnement maximale de la bobine
d'inductance peuvent étre établies. Ces courbes peuvent étre utilisées a des fins de corrélation entre le courant
continu_(DC) limite de saturation a température ambiante et le courant continu (DC) limite de saturation
a des fempératures de fonctionnement types. Dans certains cas, le fabricant et I'utilisateur établiront par accord
une spécification supplémentaire pour les températures élevées, comme 85 °C, 105 °C ou 125 °C.

5.3 Circuit de mesure et calcul
5.3.1 Circuit de mesure

Le cifcuit de mesure est représenté a la Figure 1.

Alimentation en courant continu superposé

@ Terrewirtuelle

R, c Eprouvette I % R I

c ——

c
V2 E,

v IEC

Légeride
Complosants

R, resistance de la sour¢e R = R

R, dgamme de résjstance de sélection R = R,

\2 oltmétre

V, oltmetre

E, tensien-efficace-mesuréeparie-voltmetre-Vo
E, tension efficace mesurée par le voltmétre V,
E, tension efficace de la source

C condensateur de blocage a courant continu
Alimentations

Js fréquence de la source

I, courant fourni a la gamme de résistance de sélection
I courant fourni a I'éprouvette
IL=1

Figure 1 — Circuit de mesure de l'inductance sous application d'une condition de
saturation en courant continu
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5.3.2

Calcul

Les tensions E, et E, doivent étre mesurées lorsque la fréquence f; et la tension Eg

du générateur de signal sont fournies conformément a la spécification particuliére, et une valeur
initiale de I'inductance doit étre calculée a I'aide des formules suivantes:

Ey -Ey
x = =R
I Ey

VA

Zy =|Zy|cost + j|Z,|sind

5.4

Le g
(voir

5.5

a) Upne légére compensation doit étre effectuée avant le mesurage.

b) L
d

c) L

d) L

C

Zy =Ry + jXy
Xy Xy
w2

est |la résistance de I'éprouvette;
est la réactance de I'éprouvette;
est I'impédance de I'éprouvette;
est l'inductance série équivalente de I'éprouvette;

est |la tension appliquée aux bornes de I'éprouvette;

est le déphasage de I'impédance complexe:

Gabarit de fixation de la bobine d'inductance

I'Article 8).

Méthode de mesure

éprouvette doit €tre reliée au circuit représenté a la Figure 1, en utilisant le ga
b fixation spécifieau 5.4.

brsque |'éprouvette est reliée par brasage, elle doit étre laissée jusqu’a ce qu’el
froidi suffiSamment.

ps tensions E, et E, doivent étre mesurées lorsque la fréquence f; et la tensig
I générateur de signal sont fournies conformément a la spécification particulier|

est la tension appliquée aux bornes de la gamme de résistance de sélection (= I/ (R.);

labarit de fixation de I'éprouvette* doit étre décrit dans une spécification particuliere

barit
e ait

n Eg
e, et

hewValeur initiale de l'inductance doit étre calculée a I'aide des formules du 5.3.2.

e) La valeur du courant continu qui est superposé a I'éprouvette doit étre modulée, et la valeur
de l'inductance doit étre mesurée.

f) La diminution par rapport a la valeur initiale de l'inductance doit étre calculée. Le courant
continu (DC) limite de saturation doit étre déterminé en mesurant le courant continu (DC)
lorsque la diminution de l'inductance correspond a la valeur indiquée dans la spécification

p

articuliére.

g) Il convient que la diminution de I'inductance indiquée dans la spécification particuliére soit

d

e 10 % ou de 30 %.

NOTE La valeur de 10 % correspond a l'un des points de conception types pour les bobines d'inductance
a saturation marquée, et la valeur de 30 % correspond a I'un des points de conception types pour les bobines

d'indu

ctance a saturation faible. Voir I'Annex A.
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5.6 Examen de conformité de la qualité
Le courant continu (DC) indiqué dans la spécification particuliéere doit étre fourni
a une éprouvette conformément aux méthodes spécifiées du 5.3 au 5.5, puis l'inductance

doit étre mesurée. La diminution de l'inductance doit se situer dans les limites de la valeur
spécifiée.

6 Méthode de mesure du courant limite d'échauffement

6.1 Généralités

Lorsqu'un courant continu (DC) est fourni a une bobine d'inductance, la bobine) induit
un aytoéchauffement en fonction de la valeur du courant continu appliqué, dul fait
de sg résistance en courant continu.

NOTE|1 L'échauffement résulte de l'autoéchauffement de la bobine d'inductance. Les sOurces de chapffage
corregpondent aux pertes en courant continu dans le cuivre, aux pertes en courant alternatif dans le cuivre et
aux pgrtes en courant alternatif dans le noyau. Le présent document définit I'échauffement induit par des coprants
continps (DC) uniquement. En conditions de fonctionnement réelles, les pertes en courant alternatif dans le [cuivre
et les|pertes en courant alternatif dans le noyau pour évaluer I'échauffement seronf priSes en compte. Les pertes
en codrant alternatif sont considérablement influencées par la forme d'onde, I'amplitude et la fréquence.

NOTE|2 Il n'est pas envisageable d'établir une norme pour le courant,alternatif (AC) limite d'échauffgment,
car leg méthodes d'application d'un courant alternatif (AC) dans une application donnée sont trés nombreupes et
variéels. De ce fait, les fabricants et les utilisateurs ont généralement défini un courant continu limite d’échauffement
commgp point commun de référence. Le présent document suit la méme @pproche.

6.2 Conditions d'essai

Sauf|indication contraire dans la spécification particuliére, une température ambiante élg¢vée,
par gxemple, les conditions d'essai doivent étre conformes a I'Article 4.

Etan{ donné que la valeur de la résistance en courant continu augmente en fonction
de la|température, certaines applications exigent une température ambiante élg¢vée,
comrme 85 °C, 105 °C ou 125 °C, pourlessai d'échauffement.

NOTE|1 Les pertes de puissance sont des facteurs qui affectent le rendement du convertisseur continu-conginu et
I’échapffement de la bobine dinductance en conditions de fonctionnement réelles, indépendamment
de la température de fonctionnement. Dans le présent document, les courants d'échauffement sont définis en termes
de courants continus (DC), par-conséquent le fait d’inclure des courants alternatifs (AC) serait une gource
de confusion et sera retiré des-conditions d'essai. Les pertes de puissance dans le noyau de ferrite diminuent Igrsque
la temppérature augmente\ jusqu'a une température habituellement désignée comme la température mipimale
de peltes dans le noyau} au-dessus de laquelle ces pertes commencent a augmenter. La température et I'amplitude
minimples des pertes‘\dépendent du type et de la qualité du matériau. Certains composants en ferrite présentent
une tgmpérature minimale marquée. La variation de la température des pertes du noyau en poudre méta]lique,
selon |e type de-matériau, est considérablement inférieure a celle du noyau de ferrite et n'a pas tendance a|varier
avec |p température, comme le montre le noyau de ferrite.

NOTE|2 /Cencernant les courants continus (DC) limites d'échauffement a hautes températures, la vafiation
du coyrant’continu (DC) limite d'échauffement en fonction de la variation de la température ambiante peyt étre
modéliSée. Le mesurage a temperature ambianie est couramment applique pour les speciiications particuliéres.
Dans tous les cas, la température ambiante de I'essai est indiquée dans la spécification particuliére.

6.3 Gabarit de mesure
6.3.1 Généralités

Le gabarit de mesure doit étre soit la méthode de la carte a circuit imprimé donnée au 6.3.2,
soit la méthode du fil connecteur donnée au 6.3.3. La méthode choisie doit étre indiquée
dans la spécification particuliére.
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6.3.2 Méthode de la carte a circuit imprimé

La carte a circuit imprimé doit étre constituée de tissu de fibres de verre époxy (FR4).
Sauf indication contraire dans la spécification particuliére, les dimensions doivent étre
conformes au Tableau 1, au Tableau 2 et a la Figure 2.

Tableau 1 — Largeur des circuits

Classe Courant Largeur de Epaisseur Carte Environnement Exemple
de assigné de I'impression de d'essai thermique d’application
courant la bobine I'impression
assigné d'inductance
1 w t
A mm um
I 1<1 1,0£0,2 35+ 10 Figure 2a) Environnements Cansommatgur
classelA 1<1<2 2,0£0,2 Figure 2g) a faible
2<1<3 3,0£0,3 dissipation
3<I<5 5003 thermique
5< 17 7,0£0,5
7<I<11 11,0+ 0,5
11<71<16 16,0 £ 0,5
16 <1< 22 22,0+0,5
I 1<22 40,0+ 1,0 Figure 2b) Environnements Consommateur/Auto
classe{ B Figure 2c) a'dissipation mobile
Figure 2d) thermique
Figure 2h) normale
7 1<46 105+ 10 Environnements | Consommateuf/Auto
classe|C a forte mobile
dissipation
thermique
1 1<125 1000 + 50 Rigure 2b) Environnements Automobile/L{gne
classef D Figure 2e) a tres forte d’alimentation a
Figure 2f) dissipation courant éleyé
Figure 2i) thermique (centres de dornées,
Figure 2j) infrastructurg de
réseau, etg)

NOTE| Connexion du cable d'enroulement a_la“carte: Voir le Tableau 2.
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