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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH FREQUENCY INDUCTIVE COMPONENTS -

ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization, c
all ndtional electrotechnical committees (IEC National Committees). The object of IEC .is\ to
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this e

Technfical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC National‘Committee
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3) IEC Publications have the form of recommendations for international use and are accepted by IE(Q
Comnlittees in that sense. While all reasonable efforts are made“to ensure that the technical contg
Publigations is accurate, IEC cannot be held responsible<for*the way in which they are used 9
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4) In order to promote international uniformity, IEC Natignal Committees undertake to apply IEC Py
transparently to the maximum extent possible in their national and regional publications. Any d
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services carried out by independent certification bodies.

6) All usgrs should ensure that they have the latest edition of this publication.

7) No liapility shall attach to IEC or its’directors, employees, servants or agents including individual eXx
membgers of its technical committees and IEC National Committees for any personal injury, property d
other |[damage of any natureiwhatsoever, whether direct or indirect, or for costs (including legal
expenges arising out of.the publication, use of, or reliance upon, this IEC Publication or any
Publidations.
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indispensable for.the=correct application of this publication.

9) Attentlon is drawn to the possibility that some of the elements of this IEC Publication may be the

paten{ rights. NlEC shall not be held responsible for identifying any or all such patent rights.
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Part 1: Nanohenry range chip inductor
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The text of this International Standard is based on the following documents:

CDV Report on voting
51/1187/CDV 51/1202/RVC

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

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

A list of all parts of the IEC 62024 series, published under the general title High frequency

inductiv|
the IEC

P-components — Electrical characteristics and measuring methods, can be, 1
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HIGH FREQUENCY INDUCTIVE COMPONENTS -

Part 1: Nanohenry range chip inductor

Scope

ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

This part of IEC 62024 specifies electrical characteristics and measuring methods for the

nanohenry range chip inductor that is normally used in high frequency (over 100 kHz)

2 Norfmative references

The follpwing documents are referred to in the text in such a way that some or all
content|constitutes requirements of this document. For dated referehces, only the
plies. For undated references, the latest edition of the refereneed document (ipcluding
any amendments) applies.

cited ap

IEC 61249-2-7, Materials for printed boards and other interconnecting structures — H
Reinfor¢ced base materials clad and unclad — Epoxide~Wwoven E-glass laminated 4§
defined|flammability (vertical burning test) copper-clad

IEC 62025-1, High frequency inductive components — Non-electrical characterist
measuring methods — Part 1. Fixed, surface.ntounted inductors for use in electrg
telecommunication equipment

ISO 6383-3, Reagents for chemical analysis — Part 3: Specifications — Second series

ISO 9443, Soft solder alloys — Chemical compositions and forms

3 Terms and definitions
No termls and definitions/are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the f
addressles:

4

4.1
411

IEC [Electropedia: available at http://www.electropedia.org/

ange.

of their
edition

Part 2-7:
heet of

jics and
nic and

bllowing

ISO Online browsing platform: available at http://www.iso.org/obp

Inductance, Q-factor and impedance

Inductance

Measuring method

The inductance of an inductor is measured by the vector voltage/current method.

4.1.2

Measuring circuit

An example of the circuit for the vector voltage/current method is shown in Figure 1.


http://www.electropedia.org/
http://www.iso.org/obp
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Key
Rg source resistance (50 Q)
R resistor
L, inductance of inductor under test
Cy distributed capacitance of inductor under test
Lg series inductance of inductor under test
R series resistance of inductor under test
--r phase reference signal

Ev1, Ev2 vector voltmeter

G signal generator

Figure 1 — Example of circuit for vector voltage/current method
41.3 Mounting the inductor fori-the test

4.1.31 General

The inductor shall be measured in a test fixture as specified in the relevant standard. If no

fixture i specified, one ‘of the following test fixtures A or B shall be used. The fixture used
shall be|reported.

4.1.3.2 Fixtare A

The shjpe and dimensions of fixture A shall be as shown in Figure 2 and Table 1.

Structure of connection
Electrical to the measurement circuit
! length

External electrode

Central electrode

T ; N Dielectric material

Inductor under test

IEC

Figure 2 — Fixture A
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Table 1 — Dimensions of / and d

Size of inductor under test? / d
mm mm
1608 1,6 0,95
1005 1,0 0,60
0603 0,6 0,36
0402 0,4 0,26
28 The outline dimensions of the surface mounted inductor shall be indicated by a four-digit number based on
two significant figures for each dimension L, and W (or H) (refer to IEC 62025-1).

The eleptrodes of the test fixture shall contact the electrodes of the inductor_ander| test by
mechanjcal force provided by an appropriate method. This force shall be chosen 4o as to
provide| satisfactory measurement stability without influencing the characteristics| of the
inductor. The electrode force shall be specified. The structure between'the meastirement
circuit gnd the test fixture shall maintain a characteristic impedance as)hear as pogsible to
50 Q.

4.1.3.3 Fixture B

The tes{ fixture B as shown in Figure 3 shall be used.

Inductor under test
H ‘\%\
Central electrode

d Dielectric material

External‘electrode

Structure of connection with
measurement circuit

IEC

Figure 3 — Fixture B

The elegtrodes of the test fixture shall be in contact with the electrodes of the inductor under
test by N SO as
to provide satlsfactory measurement stability W|thout mfluencmg the characterlstlcs of the
inductor. The electrode force shall be specified.

The structure between the measurement circuit and the test fixture shall maintain a
characteristic impedance as near as possible to 50 Q.

Dimension d shall be specified between parties concerned.

41.4 Measuring method and calculation formula

Inductance L, of the inductor L, is defined by the vector sum of reactance caused by Lg and
Cq4 (see Figure 1). The frequency f of the signal generator output signal shall be set to a
frequency as separately specified. The inductor under test shall be connected to the
measurement circuit by using the test fixture as described above. Vector voltage £, and E,
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shall be measured by vector voltage meters Ev, and Ev,, respectively. The inductance L,
shall be calculated by the following formula:

x =T (1)

L, is the inductance of the inductor under test;
Im is the imaginary part of the complex value;

R is|the resistance of the resistor;
E, is|the value indicated on vector voltmeter Evy;
E,  is|the value indicated on vector voltmeter Ev,;

w is|the angular frequency: 2xrf.
4.1.5 Notes on measurement
4.1.51 General

The eldctrical length of the test fixture shall be compensated by an appropriate |method
followeq 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 the fpllowing
formulag:

Zm — B

Zy = Ay 2~ e (2)
1-ZmCo

A =1+j0 3)

Zsm B (1 B Yostm )Zss B ZsmYosZss

B = (4)
1_YostmYosZss
C. = Yom _(1_Yostm)Yos _YomYosZss (5)
c =
1_YostmYosZss
where
ZX iS “IG iIIIpUUIaIIbU IIIUdbulUIIIUIIt vaiuc aftUI bUIII}JCIIbdtiUII,
Z, s the impedance measurement value before compensation;
Zsm is the impedance measurement value of the short device;
Zss is the short device inductance as defined in 4.1.5.2;

e

m is the admittance measurement value of the fixture with test device absent;
Y,s is the admittance measurement value of the test fixture as defined in 4.1.5.3.

4.1.5.2 Short compensation

For test fixture A, the applicable short device dimension and shape are as shown in Figure 4
and Table 2. The appropriate short device inductance shall be selected from Table 2
depending on the dimension of the inductor under test. The inductance of the selected short
device shall be used as a compensation value.
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Gold-plated copper or
gold-plated equivalent metal

IEC

Figure 4 — Short device shape

Table 2 — Short device dimensions and inductances

Size of inductor 1 d Inductance vplue
under test
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

If an inductance value other than defined in Table 2.is used for test fixture A, the er|nployed

value s

nall be specified. For test fixture B, shortidevice dimension, shape and ind

values ghall be specified.

4.1.5.3

Open ¢
same d

Open compensation

bmpensation for test fixture A(shall be performed with test fixture electrode

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

Open c

bmpensation for test\fixture B shall be performed without mounting the induc

admittance Y, is definedas 0 S (zero Siemens) unless otherwise specified.

4.2 Quality factor

uctance

5 at the

stance apart from each other as with the inductor under test mounted in theg fixture.

tor. The

4.2.1 Measuring method
The QO or the inductor shall be measured by the vector voltage/current method.
4.2.2 Measuring circuit

The measurement circuit is as shown in Figure 1.

4.2.3

Mountin

4.2.4

Mounting the inductor for test

g of the inductor is described in 4.1.3.

Measuring methods and calculation formula

The frequency of the signal generator (Figure 1) output signal shall be set to a frequency as
separately specified. The inductor shall be connected to the measurement circuit by using the
test fixture as described above. Vector voltage £, and E, shall be measured by vector voltage
meters Ev, and Ev, respectively. The QO value shall be calculated by the following formula:
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0- Im[E; / E,]
- Re[E1/E2]

the QO of the inductor under test;

the real part of the complex value;

the imaginary part of the complex value;
the value indicated on vector voltmeter Evy;
the value indicated on vector voltmeter Ev,.

(6)

43 Iy
4.3.1

The img
vector V|

4.3.2

The me

4.3.3

Mountin

4.3.4

The fred
separat

Notes on measurement

4.1.5.

hpedance
Measuring method

edance of an inductor shall be measured by the vector voltage/current meth
oltage/current method is as described in 4.3.2 to 4.3.5,

Measuring circuit

hsurement circuit is as shown in Figure 1.

Mounting the inductor for test

g of the inductor is described in 4.1.3.

Measuring method and calculation

uency of the signal generator (Figure 1) output signal shall be set to a freque
bly specified. The inductor'shall be connected to the measurement circuit by u

test fixtyire as described above. Vector voltage £, and E, shall be measured by vector

meters

The imp

Fv, and Ev,, respectively.

edance shallibe-calculated by the following formula:
d-rip!
|E2)|

od. The

ncy f as
5ing the
voltage

(7)

z| is
R s
E,| is
|E,| is
4.3.5

Refer to

the absolute value of the impedance;

the resistance;

the absolute value of Evy;

the absolute value of Ev,

Notes on measurement

4.1.5.
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5 Resonance frequency

5.1 Self-resonance frequency

The self-resonance frequency of the inductor shall be measured by the minimum output
method in 5.2, by the reflection method in 5.3 or by the impedance analyser in 5.4.

5.2 Minimum output method
5.21 General

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

5.2.2 Measuring circuit

The megasuring circuit is as shown in Figure 5.

Rg

E
Earth
___________________________ J
Test board
IEC
Key
G gignal generator
Rg gource resistance of signal generator (50 Q)
L, inductance of inductor under test
Cy distributed capacitance®ofiinductor under test

L inductance of inductor-under test
L, L 50 Q micro-strip.line
\% RF voltmeter

L input resjstance of RF voltmeter (50 Q)

A suitably| calibrated network analyser may be used for the minimum output method in place of the signal generator
and RF valtmeter

Figure 5 — 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 6.
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Dimensions in millimetres

50 Q micro-strip line

y of the
d by E,

y of the
greater

Earth plane covering whole bottom area "
IEC

Key
Board material 96 % alumina ceramic board (¢ = 9,4)
Conductie material paste-printed or plated Cu, Ag-Pd to<@ total thickness of (15 to 30) um
w 0,62 mm (reference value)
Solder joipt field dimensions: hatched area
w same width as 50 Q micro=strip line
/4 1/2 length of the inductor under test
I, length of the inductor’under test + 0,4 mm

Figure 6 — 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 5, keeping E, fixed, the oscillating frequend
signal generator should bé gradually increased until resonance is obtained as indicatg
assuming its minimum‘yvalue, which is then taken as the self-resonant value.
However, if the range of frequencies where E, is minimal is wide, and the frequenc
minimal| value_is-not easily determined, the two frequencies f; and f, at which E, is
than the minimum by 4 [dB] (4 < 3) shall be measured, and the self-resonance fr¢gquency
shall be[abtained using the following formula:

5.2.5

Self-resonance frequency = Sitfe

2

Note on measurement

(8)

The width W of the micro-strip line shall be such that the characteristic impedance is as close
as possible to 50 Q. The E, value of the micro-strip line selected shall also allow easy
identification of the minimum value of E,.

5.3 Reflection method

5.3.1

General

The reflection method is as described in 5.3.2 to 5.3.5.
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5.3.2 Measuring circuit

The measurement circuit is as shown in Figure 7. The network analyser circuit used for
measurement shall be configured as shown in Figure 7, or shall have equivalent circuit
functions. In single port (S4) reflection measurement mode, phase measurement shall be
possible and the analyser shall be suitably calibrated.

! '
e — e: .
! ' Phase adj. ! ! T TTT T LTI 'L '
i \ ! : Phase | | _ | ! Cy i X E
! : : comp : Vo . .
1 1 )
| : : O L . !
) ! L A ! ! ! o\ \
| : ; ; L7 YV V LI |
! |_: \ | | [ ' !
] ]
1 ' ! '

: : [ 1 : : L1 i
| ! ! 1 1 1 !
! ! ! 1 | 1 !
) | 1 1 | : \
: . 1 E E 1 ' X :
[y el IS ! L I : : h
' Power splitter Directional ' | :
' G coupler ! ' :
! | i Earth '
] f‘\ ff\ |
) —\// G/ |
S :

RF network analyser Test board

Key

G signpl generator

L, indugctance of inductor under test

Cy distijibuted capacitance of inductor under test
L inductance of inductor under test

L, 50 Q micro-strip line

Figure 7 — Examplelof test circuit for the reflection method

5.3.3 Mounting the inductorfor test

The inductor shall be mounted on the self-resonance frequency test board specifiel in the
individupl standard for(the particular inductor by the method specified in Annex A. Ifthere is
no indivjdual standard, the self-resonance frequency test board shall be as in Figure 8
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Dimensions in millimetres

50 Q micro-strip line

fn
w

v
[32]
wr
Earth plane covering whole bottom area o
]
ke IEC
Key
Board material: 96 % alumina ceramic board (¢ = 9,4)
Conductie material: paste-printed or plated Cu, Ag-Pd to a-tatal thickness of (15 to 30) um
w 0,62 mm (reference value)

Solder joipt field dimensions: hatched area
/4 same width as 50 Q micro-strip line
/4 1/2 length of the inductorwunder test

length of the inducterunder test + 0,4 mm

Figure 8 — Self-resonancefrequency test board (reflection method)

5.3.4 Measuring method

The test board (on which the-inductor has not yet been mounted) shall be connecied to a
suitably|calibrated networkianalyser, and the phase adjuster shall be adjusted so that within
the range of oscillatingfrequencies of the scanning signal generator, the output of the phase
comparator shows the .minimum phase difference (absolute value) between the incident and
reflected waves.

The indpctop-for test shall then be mounted on the test board, and the oscillating frequency of
the scannifg-signal generator shall gradually be swept from the low end to the high end.

The oscillating frequency of the scanning signal generator when the output of the phase
comparator shows the minimum phase difference (absolute value) between the incident and
reflected waves shall be taken as the self-resonance frequency.

5.3.5 Notes on measurement

The width W of the micro-strip line shall be such that the characteristics impedance is as close
as possible to 50 Q. The output of the scanning signal generator shall be set within a range
that ensures stable operation of the phase comparator.
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5.4 Measurement by analyser
5.4.1 Measurement by impedance analyser

Self-resonance frequency can be measured by measuring the impedance of the inductor
using the impedance analyser. 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 analyser from the lower value to the higher value.

The tes} fixture for the measurement of the self-resonance frequency shall be the\gJame as
that of the inductance.

5.4.2 Measurement by network analyser

The self-resonance frequency of the inductor can be measured byrthe power attgnuation
method [using the network analyser. During the measurement of the self-resonance frejquency,
care shHall be taken to avoid the influence of electromagnetic) interference from other
electronfic equipment. The sweeping frequency range of the network analyser shall include the
self-respnance frequency of the inductor.

The self-resonance frequency of the inductor shall-be’ the frequency where thg power
attenuatlion becomes a maximum. It shall be confirmed that the measured self-resonance
frequencgy is not the resonance of the test fixture.

An example of a test fixture for measurement of self-resonance frequency by the power
attenualion method is shown in Figure 9.

Placement force
Micro-strip line

Receptacles to be adjusted
to measuring equipment

Inductor
under test

Earth plane covering
whole bottom area

\ Glass epoxy:
2 25 mm FR4 (¢=4,3 to 4,5)

~1

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

Figure 9 — Suitable test fixture for measuring self-resonance frequency

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 10.
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6.1.2 Measuring method and calculation formula

Use the circuit as shown in Figure 10.

Calculate DC resistance R, of the coil from the following formula:

where

H L - (- L VAWAN
V  is thevatuvemdicatedon V)

I is thp value indicated on (A)

)

Key

~

inductgnce of inductor under test
DC pgwer supply
DC voltmeter

DC ammeter

x> < m

<

internal resistance of DC_voltmeter: R,>>R,

6.2 Bridge method

6.2.1 Measuring circuit

Figure 10 — Example of test circuit for voltage-drop method

An example of the measuring circuit for DC resistance is shown in Figure 11.

6.2.2 Measuring method and calculation formula

(9)

Use the circuit as shown in Figure 11, balance the bridge by adjusting the proportional arm
resistors Ry and R, and standard variable resister R3, and calculate DC resistance R, of the

coil from the following formula:

(10)
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