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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH FREQUENCY INDUCTIVE COMPONENTS -
ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

Part 1: Nanohenry range chip inductor

2024

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interns
coloperation on all questions concerning standardization in the electrical and electronic fields|/ o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG, Publication(s)").

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deqt with

may participate in this preparatory work. International, governmental and non-goverpmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with thé International Organizat
Standardization (ISO) in accordance with conditions determined by agreement.beiWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible_forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publid
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

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

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

IEC draws attentioh ‘to the possibility that the implementation of this document may involve the use
patent(s). IEC{dakes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thergof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be requiréd to implement this document. However, implementers are cautioned that this may not rep
the¢ latest information, which may be obtained from the patent database available at https://patents.iec.c
shplléhotbe held responsible for identifying any or all such patent rights.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 62024-1:2017. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC 62024-1 has been prepared by IEC technical committee 51: Magnetic components, ferrite
and magnetic powder materials. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2017. This edition
constitutes a technical revision.

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

a)
b)

c)

d)

The fext of this International Standard is based on the following documents:

Full i

The language used for the development of this International Standard is English.

This |[document was drafted in accordance with ISO/IEC Directives, Part 2, and develop
accofdance with ISO/IEC Directives, Part 1, and ISO/IEC Directives, IEC Supplement, avalilable
at wyvw.iec.ch/members_experts/refdacs,* The main document types developed by IEC

descfibed in greater detail at www.iecsch/publications.

A list of all parts of the IEC 62024 series, published under the general title High frequ
indugtive components — Electrical characteristics and measuring methods, can be found o
IEC Website.

The
stability date indicated on the IEC website under webstore.iec.ch in the data related t
speci|fic documgeft: At this date, the document will be

addition of S parameter measurement;

agdition-of-the—nductance—o-factorand-impedance-ofaninductorwhich-are—measur
the reflection coefficient method with a network analyzer;

afdition of the resonance frequency of an inductor which is measured by a two-porthe
ahalyzer;

afldition of the mounting method for a surface mounting inductor with Pb-free"solder.

Draft Report on voting

51/1500/FDIS 51/1511/RVD

reconfirmed,

wlithdrawn, or

d by

work

hformation on the voting for its approval can be found’in the report on voting indicated in
the apove table.

ed in

are

ency
n the

ommittee has decided that the contents of this document will remain unchanged unfjil the

b the

I a
reviset:

IMPORTANT - 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.
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HIGH FREQUENCY INDUCTIVE COMPONENTS -
ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

Part 1: Nanohenry range chip inductor

1 Scope

2024

This [part of IEC 62024 specifies the electrical characteristics and measuring methods_fd
nanohenry range chip inductor that is normally used in the high frequency (over 100 kHz) ra

2

ormative references

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

cons
For
amer

IEC ¢
soldd
devid

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.

0068-2-58, Environmental testing — Part 2-58: TestsN=— Test Td: Test method|
rability, resistance to dissolution of metallization angd to)soldering heat of surface mou
es (SMD)

IEC §1249-2-7, Materials for printed boards and - ether interconnecting structures — Par

Rein

r the
nge.

ntent
blies.
any

s for
nting

2-7:

forced base materials clad and unclad — Epoxide woven E-glass laminated sheet of deffined

flammability (vertical burning test) copper-clad

IEC 62025-1, High frequency inductive,”components — Non-electrical characteristics| and
meaguring methods — Part 1. Fixed;\surface mounted inductors for use in electronid and
telecbmmunication equipment

ISO 6353-3, Reagents for chemical analysis — Part 3: Specifications — Second series

ISO 9453, Soft solder dftoys — Chemical compositions and forms

3 Terms and-definitions

No tgrms and definitions are listed in this document.

ISO jand” IEC maintain _terminology databases for use in_standardization at the follgwing
addresses:

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

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

4 Inductance, Q-factor and impedance

4.1
411

Inductance

Measuring method

The inductance of an inductor is measured by either the vector voltage/current method
(impedance analyzer) or the reflection coefficient method (network analyzer).
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https://www.iso.org/obp
https://iecnorm.com/api/?name=612c81241e7901c108c4fd5bd833a576

IEC 62024-1:2024 RLV © IEC 2024 -7-

4.1.2 Measuring circuit

An example of the circuit for the vector voltage/current method is shown in Figure 1 and an
example of the circuit for the reflection coefficient method is shown in Figure 2.

7

| \ /
i ~ L
! | X
R ?
H R
i &
E_ -\ ,}----------- -» Ev)
G
@
Key
Rg—%m%&@
R——~resistor



https://iecnorm.com/api/?name=612c81241e7901c108c4fd5bd833a576

Key

=
«

&~ 0

aQ
a

-8- IEC 62024-1:2024 RLV © IEC 2024

1
1
1
1
1
1
|
i Inductor under test
l 3
! 1 |
! 1 1
i i 1 L(Ly
! 1 1
! : Ls |
! 1 1
i | Cy '
! 1 1
! 1 1
! | 5 1
T : R
! 1 1
! 1 1
! 1 1
! 1 1
! e e e e = = ——————— J
1
1

Impedance analyzer

P y TEC

source resistance (50 Q)

resistor
inductor under test

inductance of inductor under test

parallel capacitance of inductor under test
series inductance of inductor under test
series resistance of inductor under test
vector voltmeter

signal generator

Figure 1 — Example of circuit for vector voltage/current method
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1
i G Ry
i
! — —
i
1
1
1
1
i
Ev Ev
i Ry ! 2 ) Ry
i
i
i v 4
L S |
Network analyzer
Test fixture
IEC
Key
Rg source resistance (50 Q)
Ry, R,  termination resistor (50 Q)
L inductor under test
Cy parallel capacitance of inductor under test
Ly series inductance of inductor under test
R series resistance of inductor under test
Ev,, Hv, vector voltmeter
G signal generator
L, 50 Q micro-strip line or equivalent transmigsjon line
Figure 2 — Example of cipcuit for reflection coefficient method
4.1.3 Mounting the inductor for-the test
4.1.3(1 General
The inductor shall be-megasured mounted in a test fixture as specified in the relevant stanfard.
If no|fixture is specified,~one of the following test fixtures A, B or C shall be used. The fixture
used|shall be reported:
4.1.3(2 Fixture A
The $shape‘and dimensions of fixture A shall be as shown in Figure 3 and Table 1.
Electrical Strueture-of
<l oie length | connection
- Lt Bl > _—

External electrode
\

e A

Central electrode

Dielectric material

m

Inductor under test
IEC

Figure 3 — Fixture A
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Table 1 — Dimensions of / and 4

Size of inductor under test? I d
mm mm
1608 1,6 0,95
1005 1,0 0,60
0603 0,6 0,36
0402 0,4 0,26
0201 0,2 0,12

tyvo significant figures for each dimension L and W (or H) (refer to IEC 62025-1).

a 'I{he outline dimensions of the surface mounted inductor shall be indicated by a four-digit number based on

The plectrodes of the test fixture shall contact the electrodes of the inductor under te
mechanical force provided by an appropriate method. This force shall be .chosen so

provide satisfactory measurement stability without influencing the characteristics of the ind
The-g¢lectrode mechanical force shall be specified. A characteristic impedance of the stru

5t by
As to
uctor.
cture

betwgen the measurement circuit and the test fixture shall maintain @ characteristic impedance

as clpse as possible to 50 Q.

4.1.33 Fixture B

The fest fixture B as shown in Figure 4 shall be used.
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7////////?7 External electrode

Inductor under test

/;//////5/ % Central electrode

| d Dielectric material

Structure of connection with
measurement circuit

External electrode

Inductor under test

Central electrode

Dieléctyic material

Structure of connection with

measurement circuit
IEC

Figure 4 — Fixture B

The g¢lectrodes of the test fixture shall be in contact with the electrodes of the inductor
test By mechanical force'prévided by an appropriate method. This force shall be chosen

to provide satisfactoryymeasurement stability without influencing the characteristics o
indugtor. The-electrode mechanical force shall be specified. A characteristic impedance ¢
strucfure between\the measurement circuit and the test fixture shall maintain a characte

nder
O as
f the
f the
ristic

impefance as<lose as possible to 50 Q. Dimension d shall be specified between the parties

concerned.
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4 Fixture C

The test fixture C as shown in Figure 5 shall be used.

50 Q micro-strip

/

2024

The
test
to pn
indud
betw
as cl
fixtun

4.1.4 Measuring method and calculation formula

Indud
and

be se
meas
Eqy a
indud
meth

b {m

\\

Earth plane covering whole bottom

14
7

IEC
Figure 5 — Fixture C

blectrodes of the test fixture shall be in contact with the“electrodes of the inductor U
y mechanical force provided by an appropriate methéd. This force shall be chosen
ovide satisfactory measurement stability withoutjinfluencing the characteristics o
tor. The mechanical force shall be specified. A'characteristic impedance of the stru
ben the measurement circuit and the test fixture shall maintain a characteristic imped
bse as possible to 50 Q. The dimensions of:the patterns of the fixture and material g
e shall be specified between the parties ggncerned.

tance L, of the inductor-, L is~defined by the vector sum of the reactance caused
4 (see Figure 1 or Figure 2). The frequency f of the signal generator output signal

t to a frequency as separately specified. The inductor under test shall be connected
urement circuit by using-the test fixture as described in 4.1.3.2 to 4.1.3.4. Vector vol
hd £, shall be measured by vector voltage meters Ev, and Ev,, respectively.

tance L, shall b calculated by Formula (1) and Formula (2) for the vector voltage/cy
pd, or Formula\3) to Formula (5) for the reflection coefficient method:

nder
50 as
f the
cture
ance
f the

Dy Lg
shall

the
ages
The

rrent

~~
EN
~
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Lx:lm[ZX] )
w

Zy =R @)
£y

is the inductance of the inductor under test;

Im |is the imaginary part of the complex value;

is the impedance of the inductor under test;

is the resistance of the resistor;

E4 |is the value indicated on vector voltmeter Ev;

E, |is the value indicated on vector voltmeter Evy;

1) is the angular frequency: 2xf.
Im|Z
L, = (%] (3)
w
£y
Z, = R=
* % E, (4)
Eq
Sqq=—
11 Ey (5)
wherg
L is the inductanceof the inductor under test;

Im |is the imaginaty part of the complex value;
is the impedance of the inductor under test;
R is the~resistance of the resistor;

S11 | isthe reflection coefficient of the inductor under test;

Zy is the system impedance of the measurement system (50 Q);
E4  is the value indicated on vector voltmeter Ev;
E, is the value indicated on vector voltmeter Evy;

1) is the angular frequency: 2xf.
4.1.5 Notes on measurement
4.1.51 General

The electrical length of the test fixture shall be compensated by an appropriate method followed
by open-short compensation. If an electrical length that is not commonly accepted is used, it

shall be specified. Open-short compensation shall be calculated by-thefellowingformulae
Annex B.
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A~
N
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w
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D Zsm _(1_Yostm)Zss _ZsmYosZss
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1= YomZsmYosZss

~ _ Yom _(1_Yostm)Yos —YomYosZss (E\

T 7

1- YOTT'IZSITIYOSZSS

4.1.5.2 Short compensation

For test fixture A, the applicable short device dimension and shape are as shown in Figure 6
and Table 2. The appropriate short device inductance shall be selected from Table 2 depending
on thie dimension of the inductor under test. The inductance of the selected short device [shall
be uged as a compensation value.

Gold-plated copper or
gold-plated equivalent metal

(1) Gold-plated copper
Y »| (2)Gold-plated equivalent impedance/contact resistance metal

A

U

IEC

Figure 6 — Short device shape
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If an
than
empl
and i

4.1.53 Open compensation

Open compensation for test fixture A shall be performed with test fixture electrodes at the

dista
Y

0os

Opern

4.2
421

The
refle

4.2.2

The
shall

4.2.3

Mour

19

Table 2 — Short device dimensions and inductances

Size of inductor under test ) d Inductance value
mm mm nH
1608 1,6 0,95 0,43
1005 1,0 0,60 0,27
0603 0,6 0,36 0,16
0402 0,4 0,26 0,11
0201 0,2 0,12 0,05

inductance value other than those defined in Table 2 and if a short device shape

hductance values shall be specified.

defined as 0 S (zero Siemens) unless otherwise specified:

Quality factor

Measuring method

bther

that defined in Figure 6, such as rectangular shape, are used for test-fixture A, the
byed value shall be specified. For test fixtures B and C, the short device dimension, shape

pame

nce from each other as with the inductor under test mounted in the fixture. The admitfance

compensation for test fixtures B and C shall be performed without mounting the indyctor.
The admittance Y is defined as 0 S (zero Siemens) unless otherwise specified.

D of the inductor shall be measured by either the vector voltage/current method or the

tion coefficient method.

Measuring circuit

measurement circuitiis-as shown in Figure 1 and Figure 2. The measurement equipjment

be suitably calibpated.

Mounting-\the inductor for test

ting of theé inductor is as described in 4.1.3.

4.2.41 Measuring method and calculation formula

The frequency of the signal generator (Figure 1 or Figure 2) output signal shall be set to a
frequency as separately specified. The inductor shall be connected to the measurement circuit
by using the test fixtures as described in 4.1.3.2 to 4.1.3.4. Vector voltages E, and E, shall be

measured by vector voltage meters Ev, and Ev,, respectively. The Q value shall be calculated
by the following formula:

Im[E1 / E2]
Re[E1 /E2]

N —
}=4
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Im|Z
Rl
where
(0] is the O of the inductor under test;
Re is the real part of the complex value;
Im is the imaginary part of the complex value;

£—is-the-value-ihdicated-on-vectorvoltmeterEvy;
£,—tHs-the-valueindicated-onvectorvolimeter Ev,-

4.3
431

is the impedance of the inductor under test as calculated in Formula (2) er [Formula
Notes on measurement

to 4.1.5.

Impedance

Measuring method

The Impedance of an inductor shall be measured eitheriby the vector voltage/current me¢thod

or the reflection coefficient method. Those methods@re’as described in 4.3.2 to 4.3.5.

4.3.2

The measurement circuits are as shown in Figure 1 and Figure 2. The measurement equip|

shall

4.3.3

Mour

4.3.4

The
frequ
by us
meas

The-i

Measuring circuit

be suitably calibrated.

Mounting the inductor for test

ting of the inductor is as.described in 4.1.3.

Measuring method and calculation

requency of the ;signal generator output signal (Figure 1 or Figure 2) shall be set
ency fas separately specified. The inductor shall be connected to the measurement ¢

ment

to a
ircuit

ing the test fixture as described in 4.1.3.2 to 4.1.3.4. Vector voltages E, and E, shall be

ured by\vector voltage meters Ev, and Ev,, respectively.

|E4]

A
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The impedance shall be calculated by Formula (2) or Formula (4) in accordance with the method

used.

4.3.5

Notes on measurement

Refer to 4.1.5.

5 Resonance frequency

5.1

Self-resonance frequency

The 3
in 5.4
analy

5.2
5.2.1

The finimum output method is as described in 5.2.2 to 5.2.5.

5.2.2

The measuring circuit is as shown in Figure 7.

elf-resonance frequency of the inductor shall be measured by the minimum output-me¢thod

by the reflection-method in 5.3 or by the impedance analyserin-5.4 or by the imped

zer or network analyzer in 4.1.

Minimum output method

General

Measuring circuit

ance
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Testboard
IEC
E R Bl V
Test board e
Key
G signal generator
Rg source resistance of the signal genefator (50 Q)
L, inductance of inductor under test
Cy distributed parallel capacitance of inductor under test
L induectance-of-inductorunder test
L1’ L,| 50 Q micro-strip Jine-er equivalent transmission line
\% RF voltmeter
Ry input resistance of RF voltmeter (50 Q)
E, is the value indicated on vector voltmeter Ev4
E, is the value indicated on vector voltmeter Ev,

A suitably calibrated network analyzer may be used for the minimum output method in place of the signal generator
and RF voltmeter

Figure 7 — Example of test circuit for the minimum output method

5.2.3 Mounting the inductor for test

The inductor shall be mounted on the self-resonance frequency test board specified in the
individual standard for the particular inductor by the method specified in Annex A. If there is no
individual standard, the self-resonance frequency test board shall be as shown in Figure 8.

The dimensions of the patterns of the fixture and material of the fixture shall be specified
between parties concerned.
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50 Q micro-strip line

&

t

Earth plane covering whole bottom area

IEC

50 Q micro-strip line

/=
y |

v A FV?
N‘}l
\\

Earth plane covering whole bottom area
IEC

Figure 8 — Self-resonance frequency test board (minimum output method)

5.2.4 Measuring method and calculation formula

Using a circuit of the kind shown in Figure 7, keeping E fixed, the oscillating frequency of the
signal generator should be gradually increased until resonance is obtained as indicated by E,
assuming its minimum value, which is then taken as the self-resonant value.
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However, if the range of frequencies where E, is minimal is wide, and the frequency of the
minimal value is not easily determined, the two frequencies f; and f, at which E, is greater than

the minimum by 4 (dB) (4 < 3) shall be measured, and the self-resonance frequency shall be
obtained using the following formula:

s.RFz—ﬁ;f2 (7)

wherg
SRF| is the self-resonance frequency;

5.2.5 Note on measurement

The yidth W of the micro-strip line shall be such that the characteristic impedance is as glose
as ppssible to 50 Q. The E, value of the micro-strip line selected shall also allow |easy

identjfication of the minimum value of E,.

- Reflection-method

5.3
534 General
Fhe
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5.3 Measurement by analyzer
5.3.1 Measurement by impedance analyzer and one-port network analyzer

Self-resonance frequency can be measured by measuring the frequency characteristic of the
impedance of the inductor using the impedance analyzer. A one-port network analyzer may be
used to substitute the impedance analyzer as described in 4.1.2. When measuring self-
resonance frequency, after compensating for the unwanted capacitance (refer to 4.1.5.3), the
inductor for test shall be connected to the test fixture.

The exact value of the self-resonance frequency shall be
part yatte-ofimpedance—e crats—=Zere i

the frequency where the first imaginary
from |the lower value to the higher value.

The 1est fixture for the measurement of the self-resonance frequency shall be the lsame ag that
inductance.

5.3.2 Measurement by two-port network analyzer

The gelf-resonance frequency of the inductor can be measured by the-power attenuation mgthod
using the network analyzer. During the measurement of the selfzresonance frequency,{care
shalllbe-taken-to—aveid the influence of electromagnetic intefference from other elecfronic
equigment shall be avoided. The sweeping frequency range’of the network analyzer |shall
inclugle the self-resonance frequency of the inductor.

The [self-resonance frequency of the inductor shall )be the frequency where the power
atteTJuation becomes a maximum. It shall be confirmed that the measured self-resonance
frequency is not the resonance of the test fixture.

An example of a test fixture for measurement of self-resonance frequency by the power
attenuation method is described in-Figures8 5.2.3.

Placement force

Micro-strip line

Receptacles to be adjusted
to measuring equipment

Inductor
under test

Earth plane covering whole
bottom area

Glass epoxy:
FRA(c=43t04-5)

Z,Z5 mm

I: 1/2 length of the inductor under test IEC

Ei 9 Suitabl . ‘ : i ‘

6 DC resistance

6.1 Voltage-drop method
6.1.1 Measuring circuit

An example of measuring circuit for DC resistance is shown in Figure 9.
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6.1.2 Measuring method and calculation formula

Use the circuit as shown in Figure 9.

Calculate DC resistance R, of the-ceit inductor from the following formula:

(8)

wherg

~

i the value indicated on V;

~

id the value indicated on A.

E
IEC
x)

I
5

IEC

Key

L —inductance-of-inductor-undertest
inductor under test

DC power supply

DC voltmeter

DC ammeter

~ > <o mor

. DC resistance of inductor under test

R, internal resistance of DC voltmeter: R, >> R

Figure 9 — Example of test circuit for voltage-drop method
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6.2 Bridge method
6.2.1 Measuring circuit

An example of the measuring circuit for DC resistance is shown in Figure 10.

6.2.2 Measuring method and calculation formula

Use the circuit as shown in Figure 10, balance the bridge by adjusting the proportional arm
resistors R4 and R, and standard variable resistor R3, and calculate DC resistance R, of the-col

inductor from the following formula:

R =2, p (9)
x = X R3
Ry

R Ry

E 7/3‘ D
B
R3
LX

IEC

IEC

Key

Ry, R,| resistance of proportional arm resistors R,, R,

resistance of standard variable resistor R,

£ ———RductahrceoHRductoronderiest

L inductor under test
E DC power supply
D detector

Figure 10 — Example of test circuit for bridge method

6.3 Notes on measurement
The precautions for measurements are as follows:

— measurement of resistance shall be made by using a direct voltage of a small magnitude for
as short a time as practicable, in order that the temperature of the resistance element does
not rise appreciably during measurement;
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— measuring voltage: < 0,5 V;

— measurement uncertainty £0,5 % of measured value-er=0,001+Q whicheveris-greater;

— take-ecare—so-that-the temperature of the specimen-ceinecides should coincide with the
ambient temperature;

— keep the current passed through the specimen within a range so that the resistance of-ceil

th

e inductor will not change greatly;

— use of a double bridge is recommended for adequate accuracy when high measurement

accuracy is required for DC resistance of 0,1 Q or less-desirable formeasuring-especially
levrooictonen,

Meadq

7 $-parameter

7.1
711

A ne
test
S-pa

and fransmitted waves; this is achieved by combining a directional coupler and a sophisti

calib
meag

S-pa
the
S-pa

The
test 1
forcel

Measuring temperature

RTe

Ry Fy oG

< 0,92+0,0047,

urement temperature is specified in IEC 62674-1.

Measurement setup and procedure
General

work analyzer (50 Q system) is used*for measuring the S-parameters of a device |
DUT). A vector network analyZer is an instrument with a function for deter
ameters directly from measurement of the amplitudes and phases of the incident, refl

ation mechanism with th@r‘tracking generator and measuring receiver. Below iJ
urement setup for a twO-port measurement.

measurement fréquency with the network analyzer. The relationship between
ameters anditheé frequency should be recorded within the required frequency range.

blectrodes) of the test fixture shall be in contact with the electrodes of the inductor U
y eithersoldering or mechanical force provided by an appropriate method. The mech4g

nder
ining
cted,
tated
5 the

ameters should be\measured by inserting the DUT into the test fixture and by swe¢ping

the

nder
nical

skaltbe specified. This force shall be chosen to provide satisfactory measurement stz

withd

the two-port S-parameter measurement setup and the network analyzer.

bility

luthhfluencing the characteristics of the inductor. Figure 11 shows a schematic diagram of
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Network
analyzer

¥

0
===y,

~—

™ put
IEC

7.1.2

The
a tes

Ther

with
be ch

7.1.3

7.1.3]

Figude 13 shows a test fixture for measuring the S-parameters of a two-terminal devicq i

shun

Figure 11 — Schematic diagram of the two-port S-parameter
measurement setup and the network analyzer

Two-port S-parameter

characteristics of inductors can be evaluated in terms of the two-pori’S-parameters
[ fixture shown in Figure 12.

b are two possible configurations for connecting the two-terminal devices and fixture

Ising

one

b shunt connection and one with a series connection. One of these configurations should

osen according to their impedance. The used configuration shall be specified.

-
(
t

16 2 2
Port 1 E Port 2 Port 2
'(GND) ¢' 2'(GND)

IE

a) Shunt connectidn b) Series connection

Figure 12 — S-parameter test fixture for two-terminal devices

Test fixture

1 Shunt.connection

copnection. Maximum applicable frequency is around 60 GHz.
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50 Q micro-strip line or coplanar line 50 Q micro-strip line or coplanar line
=
]
=
Receptacles Receptacles
to be adjusted to be adjusted
to measuring Inductor to measuring
equipment under test equipment

IEC

(9]

>

a) Fixture only b) Two-terminal device mpr/ ed
Key ‘(19
Board low-dielectric resin-based board (&:3 to 5) ,'\ :
Condyctive material: Cu (Lb‘

Figure 13 — Test fixture for a two-terminal device (sr@n connection)

7.1.3.2 Series connection \Q/

X

Figure 14 shows a test fixture for measuring the S-pa%r@ters of a two-terminal devicg in a
seriep connection. Maximum applicable frequency is @ nd 60 GHz.

50 Q micro-strip line or coplanar line 0\\50 Q micro-strip line or coplanar line
\\QQ
4\®\$
Ree@cles Receptacles
tobe adjusted to be adjusted
equipment Inductor equpment
A .

C>Q3$Fixture only b) Two-terminal device mounted

Key
Board Q/C) low-dielectric resin-based board (&:3 to 5)
Condd r\mn material: Cu

Figure 14 — Test fixture for a two-terminal device (series connection)

7.2 Calibrations and verification of test setup
7.2.1 General

The calibration of the vector network analyzer (VNA) removes effects from the internal circuitry
of the instrument (directional couplers, transmission lines, discontinuities from physical signal
transitions) and establishes measurement reference planes.

De-embedding is a second-tier calibration that removes imperfections of the test fixtures or
other interconnects between the coaxial/microprobes reference plane and the measurement
reference plane.
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A direct fixturing method, such as a micro-probe, is an alternative fixturing method to adapt

higher frequency measurement.

The exact positions of the measurement reference planes shall be specified between the parties

concerned.

7.2.2 Calibration
7.2.21 Full two-port calibration

One of the following full two-port calibration methods shall be used.

a) SOLT calibration:

b) TRL calibration: (19

n

pur types of microstrip line standards (thru/reflect/line/match) on the
sed to calibrate the test system at the measurement point. Q(l’b‘

C

When the SOLT method is used and the reference planes areéla’tablished at the cd

conngctors, additional de-embedding shall be performed as d%@bed in7.2.2.2.
t

Whelh the TRL standards on the test fixture are used 6\

refergnce planes are established at the measurement p ,de-embedding is not required
TRL ptandards shall be fabricated with good dimen?'z@ tolerances to obtain satisfactor

impefance accuracy.
O
embgdding shall be performed as described@ 2.2.2.

Refef to the instruction manual of thei&lyzer for details of the calibration procedure.

-

Figure 15. O
<)

D
&

te,'s\ fixture board

When a direct fixturing method, such as a micr@sbrobe, is used, appropriate calibration an

O
Exar:lxples of a calibration stanste}%f (micro-strip lines) for the TRL calibration are shoy

Fpur types of calibration standards (short/open/load/thru) or an integrated e%cal-cal
nmodule with the same capability are used to calibrate the test system at the(sl/&xial pq

rts.

S are

axial

e first-tier calibration and the

The
line

d de-

VN in
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50 Q micro-strip line or coplanar line

L
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50 Q micro-strip line or coplanar line

Receptacles Receptacles
to be adjusted to be adjusted
to measuring to measuring
equipment equipment
IEC 2 IEG
a) THRU b) Open (Lb‘
50 Q micro-strip line or coplanar line 50 Q micro-strip line or coplanar Il@
s
Receptacles Receptacles
to be adjusted to be adjusted
to measuring O to measuring
equipment Q equipment
S\ I1HC
IEQ\Q
\
c) Line N d) Short
.\@
50 Q micro-st)ip line or coplanar line
xO
o
O® Receptacles
C) to be adjusted
. to measuring
2@ Resistance: 50 ohm equipment
\Q/ IEC
e) Match
Key
Board low-dielectric resin-based board (& 3 to 5)

Conductive material: Cu

Board length: L1 not equal to L2

Figure 15 — Examples of the standards for TRL calibration

7.2.2.2 Calibration with microprobes

One of the full two-port calibration methods with microprobes shall be used. Refer to the
instruction manual of the analyzer for details of the calibration procedure. Figure 16 shows
examples of the standards for TRL calibration with microprobes.
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50 Q micro-strip line or coplanar line 50 Q micro-strip line or coplanar line

GND G

ND

Signal Signal Signal Signal

GND

— Q§

;

ND

IEC (1/ IEC
a) Thru b) Line, , ’
50 Q micro-strip line or coplanar line 50 Q micro-strip Iineéayplanar line
oNb GND
Signal Signal
GND
$\
A\%c IEC
xO
c) Open . c\}‘ d) Short
N\
50]Q micro-strip line or coplanar Ii@)\
Receptacles
to be adjusted
QJ to measuring
R@ nce: 50 Q equipment
IEC
e) Match
Key
Board: low-dielectric resin-based board (&:3 to 5)
Conductive material: Cu
Board length: L1 length is not equal to L2

Figure 16 — Examples of the standards for TRL calibration with microprobes
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7.2.3 De-embedding
7.2.31 Full two-port de-embedding

One of the following full two-port de-embedding methods shall be used. Below are examples of
full two-port de-embedding.

a) port extension;

b) open-short;

c) TRL;

d) direct-de-embedding-with-S-parameterfile-
- — FR-B8aeHRgAHR PH-HRBE8 8-

e) aptomated fixture removal using multiple techniques: \%

Refef to the instruction manual of the analyzer for details of the de-embedding prbggd‘ure
o Q

7.2.312 Full two-port de-embedding with microprobes '\(1/

One |of the following full two-port de-embedding methods shall be @L&’d Figure 17 shows
examn|ples of full two-port de-embedding with microprobes. q/Q
©

50 Q@ro-strip line or coplanar line

N

50 Q micro-strip line or coplanar line

GNp GND GND

Signgl Signal

Signal é\$
7
a

GNp GND

N

Indli der test
IEC

S

IEC

a) DUT

Board Cg@dielectric resin-based board (&3 to 5)
Condyctive material; .Cu

Fi@‘ﬂ — Examples of full two-port de-embedding with microprobes

b) Port extension

7.3 @)ect method of impedance

It is possible 10 evaluate the Impedance of a DUT from Iis S-parameters. In ihis case, ithe S-
parameters are measured using a network analyzer. See 7.1 for a description of the S-
parameter measurement setup.

The impedance of a DUT can be calculated from S parameters. The measured values for the
S-parameters should be those of the DUT only, and free of any effects of the test fixture.

7.4 Evaluation from the two-port S-parameter

The impedance of a DUT can be evaluated from S-parameter measurements with a vector
network analyzer using an appropriate test fixture as illustrated in Figure 18 and Figure 19.

Figure 18 shows a two-port measurement of a two-terminal device in shunt connection.
Figure 19 a shows two-port measurement of a two-terminal device in series connection.
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Key
21

Z

Port 1 Port 2

IEC

stray impedance

stray impedance

Z3

Key
1
2

y3

The

the p

Assu
are ¢

H ol £l L
e tat e o Moottt

Figure 18 — Two-port measurement of a two-terminal device in shunt connegtior

O | Y3 | O

IEC

stray admittance
stray admittance

admittance of inductor

igure 19 — Two-port measurement of a two-terminal device in series connection

arties concerned.

iven by:

Calibration reference plane for port 1 .and port 2 in the fixture shall be specified betiveen

mMing symmetrical properties of\the DUT, the mean reflection and transmission coeffigients

R:M and T=@ (10)
If th¢ condition |2T| >>‘(1—T)2—R2‘ is satisfied, then the impedance of the device, ¥, is
calcylated-from Formula (11) and Formula (12):
Zy =ZOZ—§ in shunt connection (11)
(1-RY T
2 .2
1+R) -T
Zy =ZO% in shunt connection (12)

where Z; is the characteristic impedance of the test fixture.
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If the above condition is not fulfilled, the test fixture can affect the measurements, and

Formula (11) and Formula (12) can yield erroneous results.

Impedances given by the two-port S-parameter described in this 7.4 can be different to some
extent at high frequencies from those described in 4.1, because the one-port S-parameter can

depend on the structure of the test fixture used.

0 and L should be calculated as follows:

Zy =R+ jX
3\
O=XI/R Qy
‘Lb‘
Q
L=X/(2zf) ,\.(]/

(13)

(14)
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A1

Annex A
(normative)

Mounting method for a surface mounting-ceil inductor

Overview

Annex A specifies the method for mounting a surface mounting—eei inductor to be tested
(hereinafter referred to as "specimen") to the testing printed-circuit board.

A.2

A mo
it shd

Mounting printed-circuit board and mounting land

unting printed-circuit board suitable to the construction of the specimen shall be used

+0,010

, and

Il be specified in the detail specification. If there is no provision in the détail specification,

the bpard (thickness (1,6 £ 0,19) mm, copper foil 0,035 mm "5,z mm) of epoxide woven glass
fabri¢ copper-clad laminate sheet specified in IEC 61249-2-7 shall.lbe used. It shall |be a
printe¢d-circuit board on which the land for mounting the specimencis-previously located| The
configuration of the land is indicated by the detail specification.

A.3 | Solder

The polder shall be a solder paste prepared in such\a way that a weakly active flux gf the
cologhonium system is added to the solder of composition HE0A or H63A specified in ISO [9453
with g grain size of 200 mesh or more to forma creamy paste. The viscosity is subjected to
agre¢ment between the parties concerned-with-acceptance. Pb-free solder used in prefofm or
pastg form shall be Sn96,5Ag3,0Cu0,5 orderivative solder together with a flux as statpd in
IEC $0068-2-58, or as defined in the relevant specification.

LA —Preparatien

Tha ¢nldar nacta chall ha comtdd An tho lande nf tha tactina nrintad-cirenit haard enacifibd in
Cropeldorcoociochall boecor don i lomde of the foctine onloiod cleonl boonc conelindl o
tha atail enacification tn a3 fRicknace Af (200 + EN)Y vvm and tho enacimaen chall ha nlacdd cn
the-detail-specification-to-athickRess—of{200=-50)nm-and-the-specimen-shall-be-placgd-so
The printed-circuit board-on-which-the specimen-is placed-shall be-heated-at (150 + 10} 3C for
feotp o

A.4

See |

a) T
b) T

Test condition

EC 60068-2-58, with the following details:

he solder paste shall be applied to the test substrate.

he thickness of solder deposit shall be specified in the detail specification.
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d)

e)

f)

A.5 | Cleaning
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The terminations of the specimen shall be placed on the solder paste.
Solder alloy: Sn-Pb

Unless otherwise specified in the detail specification, the specimen and test substrate shall
be preheated to a temperature of (150 + 10) °C and maintained for 60 s to 120 s in the
infrared and forced gas convection soldering system.

The temperature of the reflow system shall be quickly raised until the specimen has reached
(215 = 3) °C and maintained at this temperature for (10 £ 1) s.

Solder alloy: Sn-Ag-Cu

Unless otherwise specified in the detail specification, the specimen and test substrate shall
bepreteatedtoatemperature of (1505 Cto({t80 5" Cfor 60 sto 20 mrtheiufrared
ahd forced gas convection soldering system.

The temperature of the reflow system shall be quickly raised until the specimen he&sreached
(235 £ 3) °C. The time above 225 °C shall be (20 = 5) s.

The temperature profile of d) or e) shall be specified in the detail specification.

After|the soldering, the printed-circuit board shall be cleaned by using the 2-propanol spegified
in ISP 6353-3 to remove the flux. If necessary, the precaution far the cleaning method shall be

specified in the detail specification.
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Annex B
(normative)

Elimination of residual parameter effects in test fixture

B.1 Overview

In general, these residual and stray factors can be represented by the ABCD parameters of a
two-terminal pair as shown in Figure B.1. Using this model, the residual and stray factors can

be elirated-
B.2 | Test fixture represented by the ABCD matrix of a two-terminal paif
network
The tctual impedance value of the DUT (Z,) and the measurement value (Z},) are repres¢nted
by the input and output current and voltage as follows:
Iy )
—O0—— —o—+——
A B
Zm vy c D & Zy
—O0—— —o——— 7
TEST HEAD TEST Fixtute DUT
Figure B.1 — Test fixture répresented by the ABCD matrix
7
7 =_1
m=7 (B.1)
V-
Zy =% (B.2)
I
Then|, Z, (s
Zm _Bc

1- ZnCe
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When open and short compensations are used for thru fixture compensation, one additional
condition is required to solve the Z, formula. This condition as follows:

Assuming the following symmetric circuit:

Then the compensation coefficients (4.,8.,C.) are as follows:

Ay =1+ 0 Qy (B.5)

m _(1_Yostm)Zss _ZsmYosZss y\’(.l/ (B 6)
1- YostmYosZss

Cc _ Yom _(1_Yostm)Y Yom oszs\g) (B.7)

1- YostmYosZss \Q/

L
O

wherg
Zy is the impedance measurement value alf\@compensation;
Zn is the impedance measurement valwefore compensation;
S
Zem is the impedance measurement@ue of the short device;
Zss is the short device mductaan\as defined in 4.1.5.2;
Yom is the admittance measy séwnent value of the fixture with the test device absent;
Yos is the admittance n@?‘:gdrement value of the test fixture as defined in 4.1.5.3.

O
D
&
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH FREQUENCY INDUCTIVE COMPONENTS -
ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

Part 1: Nanohenry range chip inductor

2024

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interns
coloperation on all questions concerning standardization in the electrical and electronic fields|/ o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG, Publication(s)").

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deqt with

may participate in this preparatory work. International, governmental and non-goverpmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with thé International Organizat
Standardization (ISO) in accordance with conditions determined by agreement.beiWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Publications is accurate, IEC cannot be held responsible_forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publid
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

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

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

IEC draws attentioh ‘to the possibility that the implementation of this document may involve the use
patent(s). IEC{dakes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thergof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be requiréd to implement this document. However, implementers are cautioned that this may not rep
the¢ latest information, which may be obtained from the patent database available at https://patents.iec.c
shplléhotbe held responsible for identifying any or all such patent rights.
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IEC 62024-1 has been prepared by IEC technical committee 51: Magnetic components, ferrite
and magnetic powder materials. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2017. This edition
constitutes a technical revision.

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

a) addition of S parameter measurement;

b) addition of the inductance, O-factor and impedance of an inductor which are measured by

the reflection coefficient method with a network analyzer;
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c) addition of the resonance frequency of an inductor which is measured by a two-port network

a
d) a

nalyzer;

ddition of the mounting method for a surface mounting inductor with Pb-free solder.

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

Full i
the 4

The |

This
acco
at w
desc

A lis

Draft Report on voting

51/1500/FDIS 51/1511/RVD

wwwmmw i i i ing indicated in
bove table.

anguage used for the development of this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2,'and develop

ibed in greater detail at www.iec.ch/publications.

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avalilable
vw.iec.ch/members_experts/refdocs. The main document types developed by IEC are

of all parts of the IEC 62024 series, published under the jgeneral title High frequency

indugtive components — Electrical characteristics and measuring methods, can be found on the
IEC website.
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
speci|fic document. At this date, the document will'be
e rgconfirmed,
e withdrawn, or
e rgvised.

IMPIORTANT - The "colourinside" logo on the cover page of this document indicates

that
of it

it contains colours'which are considered to be useful for the correct understangd
s contents. Us€rs should therefore print this document using a colour printer.

ing
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HIGH FREQUENCY INDUCTIVE COMPONENTS -
ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

Part 1: Nanohenry range chip inductor

1 Scope

2024

This [part of IEC 62024 specifies the electrical characteristics and measuring methods_fd
nanohenry range chip inductor that is normally used in the high frequency (over 100 kHz) ra

2

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

cons
For
amer

IEC 60068-2-58, Environmental testing — Part 2-58: Tests\— Test Td: Test method

solde
devig

IEC §1249-2-7, Materials for printed boards and - ether interconnecting structures — Par
forced base materials clad and unclad — Epoxide woven E-glass laminated sheet of deffined

Rein
flamn

IEC ¢
meadg
telec

ISO 6353-3, Reagents for chemical analysis — Part 3: Specifications — Second series

ISO

3 1

No tg

ISO

ormative references

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.

rability, resistance to dissolution of metallization and to)soldering heat of surface mou
es (SMD)

hability (vertical burning test) copper-clad

2025-1, High frequency inductive,"components — Non-electrical characteristics
uring methods — Part 1: Fixed;\surface mounted inductors for use in electronig
bmmunication equipment

D453, Soft solder dltoys — Chemical compositions and forms

‘erms andsdefinitions

rms and definitions are listed in this document.

r the
nge.

ntent
blies.
any

s for
nting

2-7:

and
and

and” IEC maintain _terminology databases for use in standardization at the folld

wing

addresses:

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

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

4 Inductance, Q-factor and impedance

4.1

411

Inductance

Measuring method

The inductance of an inductor is measured by either the vector voltage/current method
(impedance analyzer) or the reflection coefficient method (network analyzer).
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4.1.2 Measuring circuit

An example of the circuit for the vector voltage/current method is shown in Figure 1 and an
example of the circuit for the reflection coefficient method is shown in Figure 2.

Inductor under test

L (Lx)

=
<

Impedance analyzer
IEC

Key

Rg source resistance (50 Q)

R resistor

L inductor under test

L, inductance of inductor under test

Cy parallel capacitance of inductor under test
Lg series inductance of inductor under test
R series resistance of inductor under, test
Ev,, Bv, vector voltmeter

G signal generator

Figure 1 - Example of circuit for vector voltage/current method
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1
i G Ry
i
! — —
i
1
1
1
1
i
Ev Ev
i Ry ! 2 ) Ry
i
i
i v 4
L R |
Network analyzer
Test fixture
Key
R, source resistance (50 Q)
Ry, Rl,  termination resistor (50 Q)
L inductor under test
Cy parallel capacitance of inductor under test
Ly series inductance of inductor under test
R series resistance of inductor under test
Ev1, Ev2 vector voltmeter
G signal generator
1 50 Q micro-strip line or equivalent transmigsijon line
Figure 2 — Example of circuit for reflection coefficient method
4.1.3 Mounting the inductor for-the test
4.1.3(1 General
The inductor shall be mounted in a test fixture as specified in the relevant standard. If no fi
is specified, one of thefallowing test fixtures A, B or C shall be used. The fixture used sh
repofted.
4.1.3(2 Fixture A
The $shape‘and dimensions of fixture A shall be as shown in Figure 3 and Table 1.
Electrical Strueture-of
<l oie length | connection
- _— 7/

External electrode
\

e A

Central electrode

Dielectric material

m

Inductor under test
IEC

Figure 3 — Fixture A

ture
Il be
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Table 1 — Dimensions of / and 4

Size of inductor under test? 1 d
mm mm
1608 1,6 0,95
1005 1,0 0,60
0603 0,6 0,36
0402 0,4 0,26
0201 0,2 0,12

a 'I{he outline dimensions of the surface mounted inductor shall be indicated by a four-digit number based on
tyvo significant figures for each dimension L and W (or H) (refer to IEC 62025-1).

The electrodes of the test fixture shall contact the electrodes of the inductor under tept by
mechanical force provided by an appropriate method. This force shall be chosen so @s to
provide satisfactory measurement stability without influencing the characteristics of the inductor.
The mechanical force shall be specified. A characteristic impedanceof the structure between
the npjeasurement circuit and the test fixture shall maintain a characteristic impedance as ¢lose
as pgssible to 50 Q.

4.1.3.3 Fixture B

The fest fixture B as shown in Figure 4 shall be used.

External electrode

Inductor under test

Central electrode

Dielectric material

Structure of connection with

measurement circuit
IEC

Figure 4 — Fixture B

The élestrodes—ofthetestfixtureshall-bein-contactwith-theelectrodesoftheindusteruander
test by mechanical force provided by an appropriate method. This force shall be chosen so as
to provide satisfactory measurement stability without influencing the characteristics of the
inductor. The mechanical force shall be specified. A characteristic impedance of the structure
between the measurement circuit and the test fixture shall maintain a characteristic impedance
as close as possible to 50 Q. Dimension d shall be specified between the parties concerned.

4.1.3.4 Fixture C

The test fixture C as shown in Figure 5 shall be used.
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The

test By mechanical force provided by an appropriate method. This force shall be chosen
to provide satisfactory measurement stability without influencing-the characteristics o
indugtor. The mechanical force shall be specified. A characteristic impedance of the stru

betw
as cl

fixture shall be specified between the parties concerned.

4.1.4 Measuring method and calculation formula

Indugtance L, of the inductor L is defined by thie vector sum of the reactance caused by L}

Cy (8
to a

-10 - IEC 62024-1:2024 © |IEC

50 Q micro-strip

/

L

o I []

2024

ol
e e

\\

Earth plane covering whole bottom
IEC

Figure 5 — Fixture C

blectrodes of the test fixture shall be in contact with the electrodes-of the inductor

ben the measurement circuit and the test fixture shall maintain a characteristic imped
bse as possible to 50 Q. The dimensions of the patterns of the fixture and material g

lee Figure 1 or Figure 2). The frequency.f of the signal generator output signal shall b
frequency as separately specified; The inductor under test shall be connected t

nder
50 as
f the
cture
ance
f the

and
e set
b the

meagqurement circuit by using the test-fixture as described in 4.1.3.2 to 4.1.3.4. Vector voltages
E, apd E, shall be measured byCvector voltage meters Ev, and Ev,, respectively. The
indugtance L, shall be calculatediby Formula (1) and Formula (2) for the vector voltage/cyrrent
methpd, or Formula (3) to Fermula (5) for the reflection coefficient method:
Im(Z
Lx — [ X] (1)
w
£y
7. =R
=Ry (2)

is the inductance of the inductor under test;

is the imaginary part of the complex value;
is the impedance of the inductor under test;

is the resistance of the resistor;
is the value indicated on vector voltmeter Evy;

is the value indicated on vector voltmeter Ev,;

is the angular frequency: 2xf.
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Im|Z
L, = [w"]
Ej

ZX: E_
2

E4

Sy =—=

(3)

(4)

(%)

4.1.5

4.1.5

by o
shall

4.1.5

For t
and 7
on th
be ug

is the inductance of the inductor under test;

is the imaginary part of the complex value;
is the impedance of the inductor under test;

is the resistance of the resistor;
is the reflection coefficient of the inductor under test;

is the system impedance of the measurement system~ (50 Q);
is the value indicated on vector voltmeter Evy;
is the value indicated on vector voltmeter Evy;

is the angular frequency: 2xf.
Notes on measurement

1 General

The Ilectrical length of the test fixture shall be compensated by an appropriate method foll

en-short compensation..lfsan electrical length that is not commonly accepted is us
be specified. Open-short’compensation shall be calculated by Annex B.

.2 Short compensation

pst fixture A,\the applicable short device dimension and shape are as shown in Fig

e dimension of the inductor under test. The inductance of the selected short device
ed asta*compensation value.

(1) Gold-plated copper.

bwed
ed, it

ure 6

[able 2. ThHe appropriate short device inductance shall be selected from Table 2 depending

shall

d »| (2) Gold-plated equivalent impedance/contact resistance metal

g
B

Y
/|

IEC

Figure 6 — Short device shape
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Table 2 — Short device dimensions and inductances

Size of inductor under test ) d Inductance value
mm mm nH
1608 1,6 0,95 0,43
1005 1,0 0,60 0,27
0603 0,6 0,36 0,16
0402 0,4 0,26 0,11
0201 0,2 0,12 0,05

2024

inductance value other than those defined in Table 2 and if a short device shape

hductance values shall be specified.

4.1.53 Open compensation

Opern

dista
Y,

0os

Opern

19

compensation for test fixture A shall be performed with test fixture electrodes at the

defined as 0 S (zero Siemens) unless otherwise specified:

The admittance Y is defined as 0 S (zero Siemens) unless otherwise specified.

4.2
421

The
refle

4.2.2

The
shall

4.2.3

Mour

Quality factor

Measuring method

bther

that defined in Figure 6, such as rectangular shape, are used for test-fixture A, the
byed value shall be specified. For test fixtures B and C, the short device dimension, shape

pame

nce from each other as with the inductor under test mounted in the fixture. The admitfance

compensation for test fixtures B and C shall be performed without mounting the indyctor.

D of the inductor shall be measured by either the vector voltage/current method or the

tion coefficient method.

Measuring circuit

measurement circuitiis-as shown in Figure 1 and Figure 2. The measurement equip
be suitably calibrated.

Mounting\the inductor for test

ting of theé inductor is as described in 4.1.3.

4.2.41 Measuring method and calculation formula

ment

The frequency of the signal generator (Figure 1 or Figure 2) output signal shall be set to a
frequency as separately specified. The inductor shall be connected to the measurement circuit
by using the test fixtures as described in 4.1.3.2 to 4.1.3.4. Vector voltages E, and E, shall be

measured by vector voltage meters Ev, and Ev,, respectively. The Q value shall be calculated
by the following formula:

(6)
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where

0 is the QO of the inductor under test;

Re is the real part of the complex value;

Im  is the imaginary part of the complex value;

Zy is the impedance of the inductor under test as calculated in Formula (2) or Formula
4.2.5 Notes on measurement

Refer to 4.1.5.

(4).

4.3
4.3.1

Impedance

Measuring method

The impedance of an inductor shall be measured either by the vector voltage/ctrrent method

or th

4.3.2

b reflection coefficient method. Those methods are as described in 4.3:240 4.3.5.

Measuring circuit

The easurement circuits are as shown in Figure 1 and Figure 2.. The measurement equip,

shall

4.3.3

Mour

be suitably calibrated.

Mounting the inductor for test

ting of the inductor is as described in 4.1.3.

4.3.4 Measuring method and calculation

The

requency of the signal generator output signal (Figure 1 or Figure 2) shall be set

frequency f as separately specified. The idductor shall be connected to the measurement ¢

by us
meas

Thei
used

4.3.5
Refe

5 F

ured by vector voltage meters Ev, and Ev,, respectively.

Notes on measurement

to 4.1.5.

Resonance frequency

5.1

ment

to a
ircuit

ing the test fixture as described in‘4.1.3.2 to 4.1.3.4. Vector voltages E, and E, shall be

mpedance shall be calculated by Formula (2) or Formula (4) in accordance with the mgthod

—Self-resonancefrequency

The self-resonance frequency of the inductor shall be measured by the minimum output method
in 5.2, or by the impedance analyzer or network analyzer in 4.1.

5.2

5.2.1

Minimum output method

General

The minimum output method is as described in 5.2.2 to 5.2.5.

5.2.2

Measuring circuit

The measuring circuit is as shown in Figure 7.
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£ R Ey
Test board /ch
Key
G signal generator
Rg source resistance of the signal generator (50 Q)
L, inductance of inductor under test
Cy parallel capacitance of inductor under test
L inductor under test
L1’ L,| 50 Q micro-strip line or equivalent transmission line
\% RF voltmeter
R input resistance of RF voltmeter (50 Q)
E, is the value indicated on vector voltmeter Ev4
E, is the value indicated on vector voltmeter Evy
A suitably calibrated network analyzer may be usediforthe minimum output method in place of the signal generator
and Rf voltmeter
Figure 7 — Example of test circuit for the minimum output method

5.2.3 Mounting the inductorfor test
The |nductor shall be mounted on the self-resonance frequency test board specified in the
individual standard for_the particular inductor by the method specified in Annex A. If therelis no
indivldual standard, the/self-resonance frequency test board shall be as shown in Figure 8.
The Himensions_ of the patterns of the fixture and material of the fixture shall be spegified
betwgen parties'concerned.
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50 Q micro-strip line

/A ’2! ‘\
v |

=~-—4-—- /ji_J_ _____ J—

Y

4

|72 —
|8 |
il

Earth plane covering whole bottom area

IEC
Figure 8 — Self-resonance frequency test board (minimum_output method)

5.2.4 Measuring method and calculation formula

Using a circuit of the kind shown in Figure 7, keeping E, fixedjthe oscillating frequency gf the
signgdl generator should be gradually increased until resonance is obtained as indicated by E,
assuming its minimum value, which is then taken as the self-resonant value.

However, if the range of frequencies where E, issminimal is wide, and the frequency gf the

minimal value is not easily determined, the two.frequencies f; and f, at which E, is greater{than

the rﬂnimum by 4 (dB) (4 = 3) shall be measured, and the self-resonance frequency shall be
obtaiped using the following formula:

SRFz—ﬁ;fz (7)

wher

[

SRF| is the self-resonance frequency;
5.2.5 Note h-measurement

The Width-%~of the micro-strip line shall be such that the characteristic impedance is as glose
as ppssible to 50 Q. The E, value of the micro-strip line selected shall also allow |easy

identification of the minimum value of F2

5.3 Measurement by analyzer
5.3.1 Measurement by impedance analyzer and one-port network analyzer

Self-resonance frequency can be measured by measuring the frequency characteristic of the
impedance of the inductor using the impedance analyzer. A one-port network analyzer may be
used to substitute the impedance analyzer as described in 4.1.2. When measuring self-
resonance frequency, after compensating for the unwanted capacitance (refer to 4.1.5.3), the
inductor for test shall be connected to the test fixture.

The exact value of the self-resonance frequency shall be the frequency where the first imaginary
part value of impedance equals zero, when sweeping the frequency of the impedance analyzer
from the lower value to the higher value.
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The test fixture for the measurement of the self-resonance frequency shall be the same as that

of the inductance.

5.3.2 Measurement by two-port network analyzer

The self-resonance frequency of the inductor can be measured by the power attenuation method
using the network analyzer. During the measurement of the self-resonance frequency, the
influence of electromagnetic interference from other electronic equipment shall be avoided. The
sweeping frequency range of the network analyzer shall include the self-resonance frequency

of the inductor.

The [self-resonance frequency of the inductor shall be the frequency where the\p
attenjuation becomes a maximum. It shall be confirmed that the measured self-reson

frequency is not the resonance of the test fixture.

An example of a test fixture for measurement of self-resonance frequency)by the p

attenjuation method is described in 5.2.3.

6 DC resistance

6.1 | Voltage-drop method

6.1.1 Measuring circuit

An example of measuring circuit for DC resistance is_ shown in Figure 9.

6.1.2 Measuring method and calculation formula

Use {he circuit as shown in Figure 9.

Calclilate DC resistance R, of the indugtor from the following formula:

wherg

A

id the value.indicated on V;
id the value) indicated on A.

~

ower
ance

ower

(8)
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Key

~ > o< m o

=

int

6.2
6.2.1

Ane

6.2.2

Use
resis

indud

inquctor under test
DQ power supply
D@ voltmeter

DG ammeter

D( resistance of inductor under test

H
7

IEC

prnal resistance of DC voltmeter: R >> R,

Figure 9 — Example of test circuit for voltage-drop method

Bridge method
Measuring circuit

ample of the measuring circuit for ®C resistance is shown in Figure 10.

Measuring method and, calculation formula

he circuit as shown in-Figure 10, balance the bridge by adjusting the proportiona
ors Ry and R, and standard variable resistor R5, and calculate DC resistance R, g

tor from the following formula:

arm
f the

9)
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Key
Ry, R, resistance of proportional arm resistors Ry, R,
R,y resistance of standard variable resistor R,

inductor under test
DC power supply

detector

Figure 10 — Example of test circuit for bridge-method

6.3 | Notes on measurement
The precautions for measurements are as follows:

nmeasurement of resistance shall be made by using‘a’direct voltage of a small magnitude for
ap short a time as practicable, in order that theitemperature of the resistance element|does
npt rise appreciably during measurement;
m
I

easuring voltage: < 0,5 V;
easurement uncertainty £0,5 % of measured value;

|
—_

He temperature of the specimen should coincide with the ambient temperature;

— keep the current passed through-the specimen within a range so that the resistance qf the
ductor will not change greatly;

=

— upe of a double bridge is jjecommended for adequate accuracy when high measurement
ccuracy is required for DC resistance of 0,1 Q or less.

[

6.4 | Measuring temperature

Meagqurement temperature is specified in IEC 62674-1.

7

rd .Y

b-parameter

7.1 L Measurement-setup-andprocedure
711 General

A network analyzer (50 Q system) is used for measuring the S-parameters of a device under
test (DUT). A vector network analyzer is an instrument with a function for determining
S-parameters directly from measurement of the amplitudes and phases of the incident, reflected,
and transmitted waves; this is achieved by combining a directional coupler and a sophisticated
calibration mechanism with the tracking generator and measuring receiver. Below is the
measurement setup for a two-port measurement.

S-parameters should be measured by inserting the DUT into the test fixture and by sweeping
the measurement frequency with the network analyzer. The relationship between the
S-parameters and the frequency should be recorded within the required frequency range.
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The electrodes of the test fixture shall be in contact with the electrodes of the inductor under
test by either soldering or mechanical force provided by an appropriate method. The mechanical
force shall be specified. This force shall be chosen to provide satisfactory measurement stability
without influencing the characteristics of the inductor. Figure 11 shows a schematic diagram of
the two-port S-parameter measurement setup and the network analyzer.

Network
analyzer
QO Q
TTL JTT
=

Figure 11 — Schematic diagram of the two-port S-parameter
measurement setup and the network analyzer

7.1.2 Two-port S-parameter

The ¢haracteristics of inductors can be evaluated in terms'.of the two-port S-parameters ysing
a tes} fixture shown in Figure 12.

Therg are two possible configurations for connecting the two-terminal devices and fixture} one
with & shunt connection and one with a series connection. One of these configurations should
be chosen according to their impedance. The-dsed configuration shall be specified.

10

Port 1

'(GND) o 2'(GND)

"
[
t

(
t
]
L
(
t
[}
i
[}
L
r

IEC

a)) “Shunt connection b) Series connection

Figure 12 — S-parameter test fixture for two-terminal devices

7.1.3 Test fixture

7.1.3.1 Shunt connection

Figure 13 shows a test fixture for measuring the S-parameters of a two-terminal device in a
shunt connection. Maximum applicable frequency is around 60 GHz.
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50 Q micro-strip line or coplanar line 50 Q micro-strip line or coplanar line
=
T
=
Receptacles Receptacles
to be adjusted to be adjusted
to measuring Inductor to measuring
equipment under test equipment

IEC
a) Fixture only b) Two-terminal device mounted
Key
Board low-dielectric resin-based board (&:3 to 5)
Cond(ctive material: Cu

Figure 13 — Test fixture for a two-terminal device (shunt connection)

7.1.3.2 Series connection

Figune 14 shows a test fixture for measuring the S-parameters of a two-terminal devicq in a
seriep connection. Maximum applicable frequency is afound 60 GHz.

50 Q micro-strip line or coplanar line 50 Q micro-strip line or coplanar line
Receptacles Receptacles
to.be adjusted to be adjusted
{6,measuring to measuring
equipment uIrTc?:ﬂg;t equipment
n
IEC IEC
a) Fixture only b) Two-terminal device mounted
Key
Board low-dielectric resin-based board (&:3 to 5)
Conduetirematerial: Cu

Figure 14 — Test fixture for a two-terminal device (series connection)

7.2 Calibrations and verification of test setup
7.2.1 General

The calibration of the vector network analyzer (VNA) removes effects from the internal circuitry
of the instrument (directional couplers, transmission lines, discontinuities from physical signal
transitions) and establishes measurement reference planes.

De-embedding is a second-tier calibration that removes imperfections of the test fixtures or
other interconnects between the coaxial/microprobes reference plane and the measurement
reference plane.
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A direct fixturing method, such as a micro-probe, is an alternative fixturing method to adapt
higher frequency measurement.

The exact positions of the measurement reference planes shall be specified between the parties
concerned.

7.2.2 Calibration
7.2.2.1 Full two-port calibration

One of the following full two-port calibration methods shall be used.

a) SOLT calibration:

bur types of calibration standards (short/open/load/thru) or an integrated el€ctrical-cal
nmodule with the same capability are used to calibrate the test system at the coaxial ports.

b) TRL calibration:

bur types of microstrip line standards (thru/reflect/line/match) on the test fixture boards are
sed to calibrate the test system at the measurement point.

-

c T

When the SOLT method is used and the reference planes arejestablished at the cqgaxial
conngctors, additional de-embedding shall be performed as described in 7.2.2.2.

When the TRL standards on the test fixture are used a$.the first-tier calibration and the
reference planes are established at the measurement peint,"de-embedding is not required| The
TRL ptandards shall be fabricated with good dimensignal tolerances to obtain satisfactory line
impefdance accuracy.

When a direct fixturing method, such as a micre-probe, is used, appropriate calibration and de-
embegdding shall be performed as describediin7.2.2.2.

Refef to the instruction manual of the analyzer for details of the calibration procedure.

Exar:rples of a calibration standard (micro-strip lines) for the TRL calibration are shown in
Figune 15.
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50 Q micro-strip line or coplanar line

L

50 Q micro-strip line or coplanar line

bt
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Receptacles Receptacles
to be adjusted to be adjusted
to measuring to measuring
equipment equipment
IEC IEG
a) THRU b) Open
50 Q micro-strip line or coplanar line 50 Q micro-strip line or coplanar line
Receptacles \Q/ Receptacles
to be adjusted to be adjusted
L to measuring to measuring
equipment equipment
I1HC
IEG
c) Line d) Short
50 Q micro-strip line or coplanar line

Receptacles

to be adjusted

to measuring

Resistance: 50 ohm equipment
IEC
e) Match
Key
Board low-dielectric resin-based board (& 3 to 5)

Conductive material: Cu

Board length: L1 not equal to L2

Figure 15 — Examples of the standards for TRL calibration

7.2.2.2 Calibration with microprobes

One of the full two-port calibration methods with microprobes shall be used. Refer to the

instruction manual of the analyzer for details of the calibration procedure. Fi
examples of the standards for TRL calibration with microprobes.

gure 16 shows
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50 Q micro-strip line or coplanar line 50 Q micro-strip line or coplanar line

GND G

ND

Signal Signal Signal Signal

GND

— @9
L ‘ L2 (Lb‘
IEC Q
D

a) Thru b) Line, , ’

;

50 Q micro-strip line or coplanar line

50 Q micro-strip Iineéayplanar line

oNb GND

ND

IEC

IEC

Signal Signal
GND
$\
RS —
IEC
xO
c) Open . (\}‘ d) Short
N\
50]Q micro-strip line or coplanar Ii@)\
Receptacles
to be adjusted
QJ to measuring
R@ nce: 50 Q equipment
IEC
e) Match
Key
Board: low-dielectric resin-based board (&:3 to 5)

Conductive material: Cu

Board length: L1 length is not equal to L2

Figure 16 — Examples of the standards for TRL calibration with microprobes
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7.2.3 De-embedding
7.2.31 Full two-port de-embedding

One of the following full two-port de-embedding methods shall be used. Below are examples of
full two-port de-embedding.

a) port extension;

b) open-short;

c) TRL;

d) direct-de-embedding-with S.parameter file-
¥ G R-8-ceHg— AR pPaaHRetei—H6-

e) aptomated fixture removal using multiple techniques:

Refef to the instruction manual of the analyzer for details of the de-embedding procedure

7.2.312 Full two-port de-embedding with microprobes

One [of the following full two-port de-embedding methods shall be used. Figure 17 shows
exanjples of full two-port de-embedding with microprobes.

50 Q micro-strip line or coplanar line 50 Q(miero-strip line or coplanar line
v
GND GND  GND O\ GND
X
) ™
Signal Signal Signal’ Signal
GNp GND GND GND
-.C
[ L ]

Inductortinder test
IEC IEC

a) DUT b) Port extension
Key
Board low-dielectric resin-based board (£:3 to 5)
Conddctive material; Cu

Figute 17 — Examples of full two-port de-embedding with microprobes

7.3 | Indirect method of impedance

It is possible To evaluate the impedance of a DUT from Its S-parameters. In this case, the S-
parameters are measured using a network analyzer. See 7.1 for a description of the S-
parameter measurement setup.

The impedance of a DUT can be calculated from S parameters. The measured values for the
S-parameters should be those of the DUT only, and free of any effects of the test fixture.

7.4 Evaluation from the two-port S-parameter

The impedance of a DUT can be evaluated from S-parameter measurements with a vector
network analyzer using an appropriate test fixture as illustrated in Figure 18 and Figure 19.

Figure 18 shows a two-port measurement of a two-terminal device in shunt connection.
Figure 19 a shows two-port measurement of a two-terminal device in series connection.
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Port 1 Port 2

IEC

Key
Z4 stray impedance
Zy stray impedance

Z H < £iaal rs
3 thpetance-orHatetot

Figure 18 — Two-port measurement of a two-terminal device in shunt connectior

O— ¥ 1O
[L=T]

IEC

Key

1 stray admittance

Yo stray admittance

3 admittance of inductor

Figure 19 — Two-port measurement of a two-terminal device in series connection

The galibration reference plane for port 1 .and port 2 in the fixture shall be specified betyveen
the pfarties concerned.

Assuming symmetrical properties ofithe DUT, the mean reflection and transmission coeffidients
are given by:

_ S11+ 52 _ S12+ 524

2

R and T (10)

If the condition [27]>

(1—T)2—R2‘ is satisfied, then the impedance of the device, ¥, is

calcdlatedfrom Formula (11) and Formula (12):

Zy = Zoz—g2 in shunt connection (11)
(1-R)"-T
2 2
1+R)" -T
Zy =ZOL in shunt connection (12)
2T

where Z; is the characteristic impedance of the test fixture.
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If the above condition is not fulfilled, the test fixture can affect the measurements, and

Formula (11) and Formula (12) can yield erroneous results.

Impedances given by the two-port S-parameter described in this 7.4 can be different to some
extent at high frequencies from those described in 4.1, because the one-port S-parameter can

depend on the structure of the test fixture used.

0 and L should be calculated as follows:

Z, =R+ jX

0=XIR

L=X/(2xf)

(13)

(14)

(15)
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A1

Annex A
(normative)

Mounting method for a surface mounting inductor

Overview

Annex A specifies the method for mounting a surface mounting inductor to be tested (hereinafter
referred to as "specimen") to the testing printed-circuit board.

A.2 | Mounting printed-circuit board and mounting land

A mounting printed-circuit board suitable to the construction of the specimen shall be used

it shgll be specified in the detail specification. If there is no provision in the détail specification,

the

fabri¢ copper-clad laminate sheet specified in IEC 61249-2-7 shall.'be used. It shall
printg¢d-circuit board on which the land for mounting the specimencis-previously located

con

A.3 | Solder

The polder shall be a solder paste prepared in such\a way that a weakly active flux g
cologhonium system is added to the solder of composition HE0A or H63A specified in ISO
with B grain size of 200 mesh or more to forma creamy paste. The viscosity is subject
agreément between the parties concerned. Pbsfree solder used in preform or paste form
be Sp96,5Ag3,0Cu0,5 or derivative solder together with a flux as stated in IEC 60068-2-5
as defined in the relevant specification.

A.4 | Test condition

See |EC 60068-2-58, with the following details:

e)

bpard (thickness (1,6 + 0,19) mm, copper foil 0,035 mm fg’ggg mm) of epoxide woven

figuration of the land is indicated by the detail specification.

The solder paste shallkbe applied to the test substrate.

The thickness of-salder deposit shall be specified in the detail specification.
The terminations of the specimen shall be placed on the solder paste.
Splder alley< Sn-Pb

Unlessotherwise specified in the detail specification, the specimen and test substrate
be preheated to a temperature of (150 + 10) °C and maintained for 60 s to 120 s i

, and

hlass

be a
The

f the
9453
bd to
shall
8, or

shall
h the

infrareéd and forced gas convection soldering system.

The temperature of the reflow system shall be quickly raised until the specimen has reached

(215 £ 3) °C and maintained at this temperature for (10 £ 1) s.
Solder alloy: Sn-Ag-Cu
Unless otherwise specified in the detail specification, the specimen and test substrate

shall

be preheated to a temperature of (150 £ 5) °C to (180 £ 5) °C for 60 s to 120 s in the infrared

and forced gas convection soldering system.

The temperature of the reflow system shall be quickly raised until the specimen has reached

(235 £ 3) °C. The time above 225 °C shall be (20 = 5) s.
The temperature profile of d) or e) shall be specified in the detail specification.
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A.5 Cleaning

After the soldering, the printed-circuit board shall be cleaned by using the 2-propanol specified
in ISO 6353-3 to remove the flux. If necessary, the precaution for the cleaning method shall be
specified in the detail specification.
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Annex B
(normative)

Elimination of residual parameter effects in test fixture

B.1 Overview

In general, these residual and stray factors can be represented by the ABCD parameters of a
two-terminal pair as shown in Figure B.1. Using this model, the residual and stray factors can
be eljminated-

B.2 | Test fixture represented by the ABCD matrix of a two-terminal paif
network

The :Lctual impedance value of the DUT (Z,) and the measurement value (Z;,) are repres¢nted

by the input and output current and voltage as follows:
I I
—O— —O0—F—7—
A B
Zm V‘I c D V2 Zx
—o—— —o0————
TEST HEAD TEST Fixture DUT

IEC

Figure B.1 — Test fixture represented by the ABCD matrix

|2

Z, =—t
m=7 (B.1)

1Z
Zy=—> (B.2)

I

Then|, Z, (s
Zm — Bg

(B.3)
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When open and short compensations are used for thru fixture compensation, one additional

condition is required to solve the Z, formula. This condition as follows:

Assuming the following symmetric circuit:

Then the compensation coefficients (4.,B.,C.) are as follows:

(B.4)

4. =1+ /0

Zsm - (1 - Yostm )Zss B ZsmYosZss

1- Yostm YosZss

B, =

C. = Yom _(1 B Yostm)Yos B YomYosZss
. =
1- YostmYosZss

wherp

Zy is the impedance measurement value aftér\compensation;

Zn is the impedance measurement valuetbefore compensation;

Zsm is the impedance measurement value of the short device;

Zgs is the short device inductance as defined in 4.1.5.2;

Yom is the admittance measurement value of the fixture with the test device absent;

Yos is the admittance medsurement value of the test fixture as defined in 4.1.5.3.

(B.5)

(B.6)

(B.7)
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMPOSANTS INDUCTIFS A HAUTE FREQUENCE -

CARACTERISTIQUES ELECTRIQUES ET METHODES DE MESURE -

Partie 1: Bobine d'inductance pastille de I'ordre du nanohenry

AVANT-PROPOS

1) LalCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatigfi-composée
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I''EC). L'IEC, axpour objet de
fayoriser la coopération internationale pour toutes les questions de normalisation dans.les domaings de
I'é|ectricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes internationales,

2)

3)

4)

5)

6)
7)

8)

9)

dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles, au“public (PAS)
Gdides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée & des*comités d'étude
trgvaux desquels tout Comité national intéressé par le sujet traité peut partiCiper. Les organis
internationales, gouvernementales et non gouvernementales, en liaison avec I'lECy//participent égaleme
trgvaux. L'IEC collabore étroitement avec I'Organisation Internationale de.‘Normalisation (ISO), selo
copditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mes
popsible, un accord international sur les sujets étudiés, étant donné que‘les’Comités nationaux de I'lEC inté
soht représentés dans chaque comité d'études.

Lep Publications de I'lEC se présentent sous la forme de recémmandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les)efforts raisonnables sont entrepris afi
I'lEC s'assure de I'exactitude du contenu technique de ses ptblications; I'lEC ne peut pas étre tenue respo
de|l'éventuelle mauvaise utilisation ou interprétation qui en\est faite par un quelconque utilisateur final.

Dgns le but d'encourager I'uniformité internationale, les;*Comités nationaux de I'lEC s'engagent, dans tg
mgsure possible, a appliquer de fagon transparente_les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutesxRublications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
fodrnissent des services d'évaluation de™eonformité et, dans certains secteurs, accédent aux marqu
cophformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifi
ingépendants.

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

Aucune responsabilité ne doit 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 cause\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 I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
oulau crédit qui lui\est accordé.
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, aux
ations
ht aux
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Lire du
essés

réées
h que
sable

ute la
nales
es ou

dants
es de
cation

aires,
I'lEC,
elque
enses
I'lEC,

L'dttention est attirée sur les références normatives citées dans cette publication. L'utilisation de publidations

référencées'est obligatoire pour une application correcte de la présente publication.

L'IEC attire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisatiol
ou| de plusieurs brevets. L'I[EC ne prend pas position quant a la preuve, a la validité et a I'applicabilité d

h d'un
e tout

drgitndé brevet revendiqué a cet égard. A la date de publication du présent document, I'lEC n'avait pa

5 regu

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

a lieu

d'avertir les responsables de la mise en application du présent document que des informations plus récentes

sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.i
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

ec.ch.

L'IEC 62024-1 a été établie par le comité d'études 51 de I'lEC: Composants magnétiques,
ferrites et matériaux en poudre magnétique. Il s'agit d'une Norme internationale.

Cette quatriéme édition annule et remplace la troisieme édition parue en 2017. 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) ajout du mesurage des paramétres S;

b) ajout des mesurages de l'inductance, du facteur QO et de l'impédance d'une bobine
d'inductance par la méthode du facteur de réflexion au moyen d'un analyseur de réseau;

c) ajout du mesurage de la fréquence de résonance d'une bobine d'inductance par un
analyseur de réseau a deux acces;

d) ajout de la méthode de montage d'une bobine d'inductance a montage en surface par

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

brasage sans plomb.

Projet Rapport de vote
51/1500/FDIS 51/1511/RVD

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

abouti a son approbation.

La lahgue employée pour I'élaboration de cette Norme internationale est I'anglais. La vefrsion

frangiaise de cette norme n'a pas été soumise au vote.

Ce dpcument a été rédigé selon les Directives ISO/IECPartie 2, il a été développé selon les
Diredtives ISO/IEC, Partie 1 et les Directives ISO/I/EC, Supplément IEC, disponibles [sous
wwwliec.ch/members_experts/refdocs. Les principaux types de documents développés par

I'lEC|sont décrits plus en détail sous www.iec.chfpublications.

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

sur l¢ site web de I'lEC.

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

rechgrché. A cette date, le doéument sera

rgconduit,
slipprimé, ou

rgvisé.

IMPIORTANT — Le logo "colour inside" qui se trouve sur la page de couverture dé¢ ce
document indique qu'il contient des couleurs qui sont considérées comme utiles a une
bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer ce document en utilisant une imprimante couleur.
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COMPOSANTS INDUCTIFS A HAUTE FREQUENCE -

CARACTERISTIQUES ELECTRIQUES ET METHODES DE MESURE -

Partie 1: Bobine d'inductance pastille de I'ordre du nanohenry

1 Domaine d'application

La pi
mesu
plagé

2

Les g
de Id
I'édit
référ

IEC ¢
de Ia

re pour l'inductance pastille de I'ordre du nanohenry qui est normalement utilisé€e d
des hautes fréquences (supérieures a 100 kHz).

Références normatives

ocuments suivants sont cités dans le texte de sorte qu'ils constjituent, pour tout ou
ur contenu, des exigences du présent document. Pour les(références datées,
on citée s'applique. Pour les références non datées, la derniere édition du docume
bnce s'applique (y compris les éventuels amendements).

0068-2-58, Essais d'environnement — Partie 2-58:,Es8ais — Essai Td: Méthodes d'
soudabilité, résistance de la métallisation a la disSolution et résistance a la chale

brasage des composants pour montage en surface (CMS)

IEC ¢
Parti
verre

plaql

IEC ¢
méth
maté

1249-2-7, Matériaux pour circuits imprimés et autres structures d'interconnexi
b 2-7 : Matériaux de base renforcés, plaqUés et non plaqués — Feuille stratifiée tisse
E avec de la résine époxyde, d'inflammabilité définie (essai de combustion vertiq
ée cuivre

2025-1, Composants inductifs-a haute fréquence — Caractéristiques non électriqu
pdes de mesure — Partie 1:lnductances fixes pour montage en surface utilisées dan
riels électroniques et leséquipements de télécommunications

ISO $353-3, Réactifs peur-analyse chimique — Partie 3: Spécifications — Deuxieme série

ISO 9453, Alliages_de brasage tendre — Compositions chimiques et formes

3 1

[ermes et définitions

Aucu

ésente partie de I'lEC 62024 spécifie les caractéristiques électriques et les méthodjs de

ns la

artie
seule
nt de

pssai
Ur de

on —
be de
ale),

es et
s les

n\terme n'est défini dans le présent document.

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
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4 Inductance, facteur Q et impédance

4.1 Inductance
4.1.1 Méthode de mesure

L'inductance d'une bobine d'inductance est mesurée par la méthode de tension/courant
vectoriels (analyseur d'impédance) ou la méthode du facteur de réflexion (analyseur de réseau).

4.1.2 Circuit de mesure

Bobine d'inductance én\essai

L (Lx)

Analyseur d'impédance

IEC
Légeride

R, résistance de la source (50 Q)

R résistance

L bobine d'inductance\enessai

L, inductance de |a bobine d'inductance en essai

Cy capacité paralléle de la bobine d'inductance en essai

Lg inductanCe série de la bobine d'inductance en essai

R résistance série de la bobine d'inductance en essai

Ev,, Bvy\yoltmeétres vectoriels

G générateur de signaux

Figure 1 — Exemple de circuit pour la méthode de tension/courant vectoriels
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1
i G Ry
i
! — —
1
1
1
1
1
1
i
Ev Ev
1 Ry ! 2 ) Rp
1
1
i
i v v
L R |
Analyseur de réseau
Montage d'essai
Légeride
R, résistance de la source (50 Q)
Ry, Rl, résistances terminale (50 Q)
L bobine d'inductance en essai
Cy capacité paralléle de la bobine d'inductance en essai
Lg inductance série de la bobine d'inductance en essai
R résistance série de la bobine d'inductance en essai

H vy voltmeétres vectoriels

G générateur de signaux

ligne a microruban de 50 Q ou ligne de tran§mission équivalente

Figure 2 — Exemple de circuit pour la méthode du facteur de réflexion

4.1.3 Montage de la bobine d'inductance pour I'essai
4.1.3(1 Généralités

La bpbine d'inductance doit étre montée dans un montage d'essai, comme cela est sp
dans|la norme correspondante. Si aucun montage n'est spécifié, I'un des montages d'ess
B ou|C suivants doitétre utilisé. Le montage utilisé doit étre consigné.

4.1.312 Montage A

La forme etles dimensions du montage A doivent étre conformes a la Figure 3 et au Table

beifié
ai A,

au 1.

| ongueur

[ électrique

-
-

- Structure de connexion
7/

Electrode externe
A\ 4

A ol ol il V

Electrode centrale

;!

~
: Drriniiiiniii: A . . .
//’?/Wm Matériau diélectrique
Bobine d'inductance en essai IEC

Figure 3 — Montage A


https://iecnorm.com/api/?name=612c81241e7901c108c4fd5bd833a576

—-40 - IEC 62024-1:2024 © |IEC

Tableau 1 — Dimensions /et d

2024

Taille de la bobine 1 d
d'inductance en essai ?

mm mm

1608 1,6 0,95

1005 1,0 0,60

0603 0,6 0,36

0402 0,4 0,26

020 U2 u,14
28 Les dimensions extérieures de la bobine d'inductance a montage en surface doivent étre indiquées, par un
numéro a quatre chiffres, avec deux chiffres significatifs pour chaque dimension L et W {ou'H) |(voir

I''EC 62025-1).

Les ¢lectrodes du montage d'essai doivent étre mises en contact avec les électrodes fde la

bobir

appr
satis

doit T]:re spécifiée. La structure entre le circuit de mesure et le fMontage d'essai doit mairn

une i

4.1.3(

Lem

ppriée. Cette force doit étre choisie de maniére a procurer.'uné stabilité de m
aisante sans influencer les caractéristiques de la bobine d'inddetance. La force méca

pédance caractéristique aussi proche que possible de.50.Q.

3 Montage B

pntage d'essai B représenté sur la Figure 4 doitétre utilisé.
Electrode externe

Bobine d'inductance
en essai

Electrode centrale

Matériau diélectrique

Structure de connexion
au circuit de mesure
IEC

Figure 4 — Montage B

e d'inductance en essai par application d'une force mécaniqué par une mé%hode

sure
ique
tenir

Les électrodes du montage d'essai doivent étre mises en contact avec les électrodes de la
bobine d'inductance en essai par application d'une force mécanique par une méthode
appropriée. Cette force doit étre choisie de maniére a procurer une stabilité de mesure
satisfaisante sans influencer les caractéristiques de la bobine d'inductance. La force mécanique
doit étre spécifiée. La structure entre le circuit de mesure et le montage d'essai doit maintenir
une impédance caractéristique aussi proche que possible de 50 Q. La dimension d doit étre

spéci

fiée par les parties concernées.
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41.3

4 Montage C

Le support d'essai C représenté sur la Figure 5 doit étre utilisé.

Microruban de 50 Q

/

Les ¢lectrodes du montage d'essai doivent étre mises en-contact avec les électrodes
e d'inductance en essai par application d'une{force mécanique par une mé%hode

bobirn

appropriée. Cette force doit étre choisie de manigte)'a procurer une stabilité de m

satis

doit &tre spécifiée. La structure entre le circuit desmesure et le montage d'essai doit mair

une

H_'QQLD

k\

Plan de masse qui recouvre le fond

1
t

1EC

Figure 5 — Montage C

aisante sans influencer les caractéristiques de la bobine d'inductance. La force méca

mpédance caractéristique aussi proche_ que possible de 50 Q. Les dimensions

de la

sure
ique
tenir

des

imprgssions du montage et le matériau du~montage doivent étre spécifiés par les parties

conc

4.1.4 Méthode de mesure et formule de calcul

L'ind

provgquées par Lg et Cy (voir la Figure 1 ou la Figure 2). La fréquence f du signal de sor

géné
d'ind
décri
les v
de la

des Formules (3) a (5) pour la méthode du facteur de réflexion:

Brnées.

nces

ictance L, de la bobine d'inductance L est définie par la somme vectorielle des réacta

rateur de signaux doit, étre réglée sur une fréquence spécifiée séparément. La b
ictance en essai doif*étre connectée au circuit de mesure en utilisant le montage d'
[ dans les 4.1.3.2 a 4.1.3.4. Les tensions vectorielles £, et E, doivent étre mesurée

bltmétres vectoriels Ev, et Ev,, respectivement. L'inductance L, doit étre calculée a
Formule (1).et de la Formule (2) pour la méthode de tension/courant vectoriels, ou a

ie du
bine
bssai
5 par
'aide
'aide

_im[z,]

Ly

(1)

(2)
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est la valeur d'inductance de la bobine d'inductance en essai;

est la partie imaginaire de la valeur complexe;
est la valeur d'impédance de la bobine d'inductance en essai;

est la valeur de la résistance;
est la valeur indiquée par le voltmétre vectoriel Ev;

est la valeur indiquée par le voltmétre vectoriel Ev,;

4.1.5

4.1.5

Im|Z
L, = LX]
Ej
ZX: E_
2
Ej
S”_E_
2

est la valeur d'inductance de la bobine d'inductance en essai;

est la partie imaginaire de la valeur complexe;
est la valeur d'impédance de la bobine d'inductance en essai;

est la valeur de la résistance;
est |le facteur de réflexion de.la bobine d'inductance en essai;

est I'impédance du réseau du systéme de mesure (50 Q);
est la valeur indiquée par le voltmétre vectoriel Ev;

est la valeur indjquée par le voltmétre vectoriel Evs;

est la pulsation: 2xf.

Notes sur le mesurage

1 Généralités

(3)

(4)

(5)

La longueur électrique du montage d'essai doit étre compensée par une méthode appropriée
suivie par une compensation de circuit ouvert/court-circuit. Si une longueur électrique qui n'est
pas couramment acceptée est utilisée, celle-ci doit étre spécifiée. La compensation de circuit
ouvert/court-circuit doit étre calculée selon I'Annexe B.

4.1.5.

2 Compensation de court-circuit

Pour le montage d'essai A, les dimensions et la forme appropriées du dispositif de court-circuit
sont indiquées sur la Figure 6 et dans le Tableau 2. L'inductance appropriée du dispositif de
court-circuit doit étre choisie dans le Tableau 2 selon les dimensions de la bobine d'inductance
en essai. L'inductance du dispositif de court-circuit choisi doit étre utilisée comme valeur de
compensation.
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Tableau 2 — Dimensions et inductances du dispositif de court-circuit

Taille de la bobine ) d Valeur d'inductance
d'inductance en essai

mm mm nH
1608 1,6 0,95 0143
1005 1,0 0,60 0,27
0603 0,6 0,36 0,16
0402 0,4 0,26 0,11
0201 0,2 0,12 0,05

montage d'essai A n'utilise pas I'une des valeurs d'inductance indiquées dans le Tablg
le dispositif de court-circuit n'a pas la forme définie sur la Figure 6 (s'il est de f

ai B et C, les dimensions, la forme et |és'valeurs d'inductance du dispositif de court-g
nt étre spécifiées.

.3 Compensation de circuit ouvert

rodes du montage d'essaj a équidistance de la bobine d'inductance en essai placée
ntage. L'admittance Y ¢ est définie comme 0 S (zéro siemens), sauf spécification con

mpensation de_circuit ouvert pour le montage d'essai B et C doit étre réalisée sans nj
ace la bobined'inductance. L'admittance Y4 est définie comme 0 S (zéro siemens),

fication coftraire.

Facteur de qualité

4.2.1

bau 2
prme

ngulaire, par exemple), la valeur choisie€sdoit alors étre spécifiée. Pour les monfages

ircuit

mpensation de circuit ouvert pour le montage d'essai A doit étre réalisée en plagant les

dans
raire.

ettre
sauf

— Méthode demesure

Le facteur O de la bobine d'inductance doit étre mesuré par la méthode de tension/courant
vectoriels ou la méthode du facteur de réflexion.

4.2.2

Circuit de mesure

Le circuit de mesure est représenté sur la Figure 1 et sur la Figure 2. Le matériel de mesure
doit étre correctement étalonné.

4.2.3

Montage de la bobine d'inductance pour l'essai

Le montage de la bobine d'inductance est décrit en 4.1.3.
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4.2.4 Méthode de mesure et formule de calcul

La fréquence du signal de sortie du générateur de signaux (Figure 1 ou Figure 2) doit étre
réglée sur une fréquence spécifiée séparément. La bobine d'inductance doit étre connectée au
circuit de mesure en utilisant les montages d'essai décrits dans les 4.1.3.2 a 4.1.3.4. Les
tensions vectorielles £, et E, doivent étre mesurées par les voltmétres vectoriels Ev, et Ev,,

respectivement. La valeur du facteur Q doit étre calculée a I'aide de la formule suivante:

" Relz] ©)

(0] est le facteur Q de la bobine d'inductance en essai;
Re |[est la partie réelle de la valeur complexe;
Im | est la partie imaginaire de la valeur complexe;

est la valeur d'impédance de la bobine d'inductance en essai,”calculée a l'aide fle la
Formule (2) ou la Formule (4).

4.2.5 Notes sur le mesurage

Voir |le 4.1.5.

4.3 | Impédance
4.3.1 Méthode de mesure
L'impgédance d'une bobine d'inductance dgit étre mesurée par la méthode de tension/colrant

vectqriels ou la méthode du facteur deréflexion. Ces méthodes sont décrites dans les §.3.2
a 4.35.

4.3.2 Circuit de mesure

Les dircuits de mesure sontreprésentés sur la Figure 1 et sur la Figure 2. Le matériel de mesure
doit @tre correctement étalonné.

4.3.3 Montage.de“la bobine d'inductance pour I'essai

Le mpntage deda bobine d'inductance est décrit en 4.1.3.

4.3.4 Méthode de mesure et calcul

dl de O e adU generateur ae ghaux gure OU gure 2 Jdo étre
réglée sur une fréquence f spécifiée séparément. La bobine d'inductance doit étre connectée
au circuit de mesure en utilisant le montage d'essai décrit dans les 4.1.3.2 a 4.1.3.4. Les
tensions vectorielles £ et £, doivent étre mesurées par les voltmétres vectoriels Ev, et Ev,,

respectivement.

L'impédance doit étre calculée a I'aide de la Formule (2) ou la Formule (4) conformément a la
méthode utilisée.

4.3.5 Notes sur le mesurage

Voir le 4.1.5.
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