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HIGH FREQUENCY INDUCTIVE COMPONENTS -

ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

Part 1: Nanohenry range chip inductor
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This second edition cancels and replaces the first edition published in 2002. This edition
constitutes a technical revision.

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

edition:

a) sizes 0402 added in Table 1 and Table 2;
b) contents of 4.4 reviewed for easier understanding;

c) correct errors in 3.1.4.2.

This bilingual version (2012-09) corresponds to the monolingual English version, published in
2008-02.
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HIGH FREQUENCY INDUCTIVE COMPONENTS -

ELECTRICAL CHARACTERISTICS AND MEASURING METHODS -

Part 1: Nanohenry range chip inductor

1 Scope

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

nanohenry range chip inductor that is normally used in high frequency (ovgr 1

ange.

2 Normative references

The follpwing referenced documents are indispensable for th cument.
For datgd references, only the edition cited applies. For unda t edition
of the referenced document (including any amendments) applies:

IEC 612
Reinfor(
defined

ISO 635

ISO 945

3 Inductance, Q-fz

3.1

I

The ind

49-2-7, Materials for printed boards and other |
ed base materials clad and unclad — /ERoOxide

ductan@

ictance of a red by the vector voltage/current method.

Part 2-7:

heet of
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3.1.1

Compongnts

3.1.2

The ind
fixture i
shall be

Measuring circuit

h\
1 ~
| \\
1 ~
| Se
X \:7/'\
1
. EV,
| v
1
! [ 1 .
1
|
' R
1
I Rg
1
1
1
1
|
-\ yF-------- EV,
G
L

ource resistance (50 Q)

esistor

inductor under test

hase refe@m
vec

d. If no
re used

5.specified, one of the following test fixtures A or B shall be used. The fixtu

reported:
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3.1.21 Fixture A

The shape and dimensions of fixture A shall be as shown in Figure 2.

Electrical Structure of connection
! length to the measurement circuit

External electrode

Central electrode

ic materi

Inductor under test
Figure 2 — Fixture A

Table 1 — Dimension oi(l?

7\
Size of inductor under t<\
s

1608

N
1005 RN 0,60

The ele alkecontactthg electrodes of inductor under test by mec¢hanical
force p igteNnethod. This force shall be chosen so as to |provide
satisfac i t influencing the characteristics of the inducfor. The
electrode force d. The structure between the measurement circuit and test

fixture s 2 i ‘ istic’'impedance as near as possible to 50 Q.
3.1.2.2

The test fi vh in Figure 3 shall be used.

ik TR DRI |
——————————————— LACTTIalr TICLUTUUT

Inductor under test

Central electrode

Dielectric material

Structure of connection with
measurement circuit

IEC 319/08

Figure 3 — Fixture B
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The electrodes of the test fixture shall be in contact with the electrodes of the inductor under
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 electrode force shall be specified.

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

Dimension d shall be specified between parties concerned.

3.1.3

Inductamce L, of the inductor L, is defined by the vector sum of reactan¢e catged by

Cq (see
frequen
measurq
shall bg
shall be

Measurement method and calculation

Lg and
set to a
to the

(1)

where
Ly is
Im is
R is
Ey is
E, s
10} is
314
The eld method
followed epted is
used, it bllowing
formulag:
Zon — B
Zy=A,—m_ "¢ (2)
1-Z,Ce
Ag=1+j0 (3)
B. = Zsm _(1 — Yostm)Zss _ZsmYosZss (4)
c =
1_YostmYosZss
C. = Yom — (1_Yostm)Yos — YomYosZss (5)
o=
1- YostmYosZss
where
Zy is impedance measurement value after compensation;
Z is impedance measurement value before compensation;

m
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Zsy is the impedance measurement value of short device;

Zgs is the short device inductance as defined in 3.1.4.1;

Yom 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 3.1.4.2.

3.1.41 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.

Gold-plated copper or
gold-plated equivalent m¢

320/08

Table2 - e%nsio s and inductances

Inductance value
Size of inductor tndey test

&y k o

1608, 0,43

0,27

0,16

0,11
If an ing valug other than defined in Table 2 is used for test fixture A, the employed
value s ified. For test fixture B, short device dimension, shape and inductance

values ghall.be specified.

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

same distance apart from each other as with the inductor under test mounted in the fixture.
The admittance Y is defined as 0S (zero Siemens) unless otherwise specified.

Open compensation for test fixture B shall be performed without mounting the inductor. The
admittance Y4 is defined as 0S (zero Siemens) unless otherwise specified.

3.2 Quality factor
3.21 Measurement method

The Q of the inductor shall be measured by the vector voltage/current method.
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3.2.2 Measurement circuit

The measurement circuit is as shown in Figure 1.

3.2.3 Mounting of the inductor

Mounting of the inductor is described in 3.1.2.

3.24 Methods of measurement and calculation

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 fixtyre-as-deseribed-above—ectervolagefrandLrshal-be-measured-by-veeten voltage

ASERCICERCAVACAV NI CACA- pu s v AT A v A= ASARI= 0T A e = = R A= B =) o

meters Ev, and Ev, respectively. The QO value shall be calculated by the

Q: Im[E1/E2] (6)
Re|E1 /E2 |
where
0 is|the Q of the inductor under test;

Re is|the real part of the complex value;
Im  is|the imaginary part of the complex value;

3.2.5 Notes on measurement

Refer td 3.1.4 in the indué

3.3

mpedance
3.3.1 Measur

The img
vector v

measured by the vector voltage/current methiod. The
lows:

3.3.2

The me S ircuit ig as shown in Figure 1. Mounting of the inductor to the test fixture
as descfi 3

3.3.3 Measurement method and calculation

The frequency of the signal generator (Figure 1) output signal shall be set to a frequency f as
separately specified. The inductor shall be connected to the measurement circuit by using the
test fixture as described above. Vector voltage E4 and E, shall be measured by vector voltage
meters Ev, and Ev,, respectively.

The impedance shall be calculated by the following formula:
|Z|=R—| 1| 7)

where

|Z| is the absolute value of the impedance;
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R s the resistance;
|E1| is the absolute value of Evy;
|E2| is the absolute value of Ev,.
3.3.4 Notes on measurement

Refer to 3.1.4 in the inductance measurement part.

4 Resonance frequency

62024-1 © IEC:2008

4.1 Skelf-resonance frequency

The self-resonance frequency of the inductor shall be measured
method|4.2 or by the reflection method 4.3 or by the impedance ana

4.2 Minimum output method

The minimum output method is as follows:

4.2.1 Measurement circuit

The measurement circuit is as shown{

E Ry Eo \%
""""" Testboard
IEC

Compong
G ignal genherator
Ry ourCe resistance of signal generator (50 Q)
L, inductance under test
Cqy distributed capacitance of inductor under test
L inductance of inductor under test
L, L, 50 Q micro-strip line
\ RF voltmeter
R input resistance of RF voltmeter (50 Q)

output

21/08

NOTE A suitably calibrated network analyser may be used for the minimum output method in place of the signal

generator and RF voltmeter.

Figure 5 — Example of test circuit for the minimum output method
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4.2.2 Mounting the inductor for test
The inductor shall be mounted on the self-resonance frequency test board prescribed in the

individual standard for the particular inductor by the method prescribed in Annex A. If there is
no individual standard, the self-resonance frequency test board shall be as shown in Figure 6.

50 Q micro-strip line Dimensions in millimetres

Key

Board material 96 % alumina ceranjic bogrd (g =9,
Conductije material i a d to avtotal thickness of (15 to 30) um

w

IEC 322/Q8

Solder joi

4.2.3

Using a circuit of the kind shown in Figure 5, keeping £, fixed, the oscillating frequency of the
signal generator should be gradually increased until resonance is obtained as indicated by £,
assuming its minimum value, which is then taken as the self-resonant value.

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 A [dB] (A < 3) shall be measured, and the self-resonance frequency
shall be obtained using the following formula:

Si+ /2

Self-resonance frequency = e (8)
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4.2.4 Note on measurement

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,.

4.3 Reflection method

The reflection method is as follows:

4.3.1 Measurement circuit

sed for
tions. In
and the

The m GOUIUIIIUIIt u;luu;t ;O dao OhUVVII ;II r;yt.uc 7 Thc ||ctvvu||r\ alla:y
measurg¢ment shall be configured as shown in Figure 7, or have equival
single pprt (S44) reflection measurement mode, phase measurement
analysef shall be suitably calibrated.

Phase adi.

Test board

EC 323/08

Cy nce of inductor under test
L inductance of inductor under test
L, 50 Q micro-strip line

Figure 7 — Example of test circuit for the reflection method

4.3.2 Mounting the inductor for test

The inductor shall be mounted on the self-resonance frequency test board prescribed in the
individual standard for the particular inductor by the method prescribed in Annex A. If there is
no individual 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

S
w

IEC 3234/08

Key

Board material: 96 % alumina ceramic board (¢ = 9,4)
Conductije material: paste-printed or plated Cu, Ag-P,

w 0,62 mm (reference ne)

Solder joiht field dimensions: hatched area

L length of t@c Q
Figure

4.3.3

The tes ed to a
suitably t within
the rang e phase
comparator himum phase difference (absolute value) between the incident and

reflected waves.

The indtretor-fortestshatt-thenrbemountedonthetestboard;and-the uabi”atillg flcq ency of
the scanning 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.

4.3.4 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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4.4 Measurement by analyser
441 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 3.1.4.2), 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 0, 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 ame as
that of the inductance.
4.4.2 Measurement by network analyser
The self-resonance frequency of the inductor can be measu i nuation
method |using the network analyser. During the measurem i quency,
care shall be taken to avoid the influence of elg { n other
electronic equipments. The sweeping frequency range o 3 include
the self{resonance frequency of the inductor.
The self-resonance frequency of thHe power
attenuation becomes a maximum. It s onance
frequencgy is not the resonance of the te
An example of a test fi i S -resonance frequency by the power
attenuation method is shown i
Receptacles d'
to|measuring equipr
Earth plane covering
whole bottom area
Glass epoxy:
f FR4 (c=431t0458)
2 2,25 mm
I: 1/2 length of the inductor under test IEC 325/08

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

5 DC resistance

5.1 Measuring circuit (Bridge method)

An example of measuring circuit for DC resistance is shown in Figure 10.
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5.2 Measuring method and calculation formula

Use the circuit as shown in Figure 10, balance the bridge by adjusting the proportional arm
resistors Ry and R, and standard variable resister R; and calculate DC resistance R, of the
coil from the following formula:

Ry =—2 xRy (9)

L inductor under test

IEC 326/p8
Compongnts
Ry, R, esistance of proportional arm resistor: Ry
Ry esistance of standard variable resisto

E DC power supply

D letector

Figure

recautio@r

gnitude
element

pater;

take|caré so that the temperature of the specimen coincides with the ambient tempkrature;

— keep the current passed through the specimen within a range so that the resistance of coil
will not change so much;

— use of double bridge is desirable for measuring especially low resistance.
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5.4 Measuring temperature

The d.c. resistance shall meet the specified limits at a temperature of (20 = 1)°C. When the
test is made at a temperature T, other than 20 °C, the result shall be corrected to 20 °C by
means of the formula:

R
Ry=——" T in°C (10)
0,92 +0,0047,

@%
8
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Annex A
(normative)

Mounting method
for a surface mounting coil

This annex specifies the method for mounting a surface mounting coil to be tested
(hereinafter referred to as “specimen”) to the testing printed-circuit board.

A.1  Mounting printed-circuit board and mounting land

A mounlting printed-circuit board suitable to the construction of the spegi e used,
and it s IS i e detail
specification, the board [thickness (1,6 + 0,19) mm, copper foi 0s pnm] of
epoxide| woven glass fabric copper-clad laminate sheet specified™ shall be

used. If shall be a printed-circuit board on which the lapd fk \{i imen is
previously located. The configuration of the land is indicate 8

A.2 $Solder

The sol flux of
colophonium system is added to th ified in
ISO 941 3 5 osity is
subjecte

A.3 Preparation

of the testing printed-circuit board spegified in

The solfger paste shalll\be €oated
the detail specif ¢ S 200 + 50) um and the specimen shall be placed so
that its {ferminations oct itioned on the pasted lands.

A4

The prir [ gn which the specimen is placed shall be heated at (150 + 1() °C for
(60 to 1

A.5 Toldering

After the pre-heating, the soldering shall be carried out immediately by using the reflow
soldering device. The soldering temperature shall be (235 + 5) °C, and the time shall be within
10 s.

A.6 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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CARACTERISTIQUES ELECTRIQUES ET METHODES DE MESURE -

Partie 1: Inductance pastille de I'ordre du nanohenry
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COMPOSANTS INDUCTIFS A HAUTE FREQUENCE -
CARACTERISTIQUES ELECTRIQUES ET METHODES DE MESURE -

Partie 1: Inductance pastille de I'ordre du nanohenry

1 Domaine d’application

La présente partie de la CEl 62024 spécifie les caractéristiques électriques et les méthodes
de mespre pour l'inductance pastille de I'ordre du nanohenry qui est normalement| utilisée
dans lajgamme des hautes fréquences (supérieures a 100 kHz).

2 Reéflérences normatives

Les do¢tuments de référence suivants sont indispensab isati présent
document. Pour les références datées, seule I'édition cité g ' Erences
non datees, la derniéere édition du document de référe 5 entuels
amendements).

CEI 61249-2-7, Matériaux pour circuyi
Partie 2-7: Matériaux de base renforcé
verre E|lavec de la résine époxyde, d'i
plaqué€| cuivre

exion —
ssée de
rticale),

ISO 635 e

ISO 945
3 Ind

3.1

I

L'induct
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3.1.1 Circuit de mesure
h\
1
' ~
1 ~
| Se
! AN
| EV,
! \__/
1
! ] ¢
' L1
|
' R
1
: Rg
]
|
1
:
1
-\ yp-------- EV4
G
&
Composdnts
Rg résistance de source (50 Q)
R résistance
L, bobine en essai
Cy capacité distribuée d'une bobine e
Ly inductance série d:
R résistance série’e
--» signal (%<§ér
Ev1, Ev2 voltmeétre O
G
3.1.2
La bobi surée dans un support d'essai spécifié dans la norme correspgndante.
Si aucup support spécifié, un des supports d'essai suivants, A ou B, doit étre utjlisé. Le
support|utilisé doit étre consigné.
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3.1.21 Support A

La forme et les dimensions du support A doivent étre conformes a l'illustration de la Figure 2.

Longueur Structure de connexion
/ électrique au circuit de mesure

Electrode externe

Electrode centrale

u diélectrigue

%%
\

Bobine en essai

318(0

Figure 2 — Support A

Tableau 1 — Dimensidgns le
/\ N

l d
Taille de la bobine en ess@i Q
m mm

1608 e \1\6 0,95

1005 ( (N \Q > 0,60

Les éleg¢trodes @o bine en
essai par une fo 0 oit étre
choisie |de maniérg & cer les
caractétistiques ihe. forcg de I'électrode doit étre spécifiée. La structure [entre le
circuit g sai doit maintenir une impédance caractéristiqye aussi
proche

3.1.2.2

Le supp ai B ihustré a la Figure 3 doit étre utilisé.

%— Electrode externe

Bobine en essai

Electrode centrale

Matériau diélectrique

Structure de connexion
< au circuit de mesure

IEC 319/08

Figure 3 — Support B
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Les électrodes du support d'essai doivent étre en contact avec les électrodes de la bobine en
essai par une force mécanique fournie par une méthode appropriée. Cette force doit étre
choisie de maniére a fournir une stabilité de mesure satisfaisante sans influencer les
caractéristiques de la bobine. La force de I'électrode doit étre spécifiée.

La structure entre le circuit de mesure et le support d'essai doit maintenir une impédance
caractéristique aussi proche que possible de 50 Q.

La dimension d doit étre spécifiée entre les parties concernées.

3.1.3 Méthode de mesure et calcul

L'inductpnce L, de la bobine L, est définie par la somme vectori¢lle des réictances

provoquées par Lg et Cy, voir la Figure 1. La fréquence f du signal de sortie du g teur de
signal doit étre réglée a une fréquence spécifiée séparément. La bybi oit étre
connectée au circuit de mesure en utilisant le support d'essai dée tension
vectorielle £, et £, doit étre mesurée par des voltmeétres vectorje fivement
L'inductpnce L, doit étre calculée par la formule suivante:
(1)
ou
L, eg
Im es
R egt la valeur de résisSta
E, edgtla valeur indi
E, egtla valeurndiq
w eqt la fréq@
3.1.4
La long z ) port d'essai doit étre compensée par une méthode appropriée
suivie p I DENS i de circuit ouvert/court-circuit. Si une longueur électrique qui
n'est pas” ¢« ceptée est utilisée, elle doit étre spécifiee. La compensation de
circuit o cuit doit étre réalisée par la formule suivante:
Zy— B
Zy = A, —m "¢ (2)
1-ZnCe
A.=1+j0 (3)
B. = Zsm _(1 — Yostm)Zss _ZsmYosZss (4)
.=
1 - YostmYosZss
C. = Yom _(1_Yostm)Yos _YomYosZss (5)
o =
1- YostmYosZss
ou
Z, est la valeur de mesure d'impédance aprés compensation;

m  estla valeur de mesure d'impédance avant compensation ;
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Zgy, estlavaleur de mesure d'impédance du dispositif de court-circuit;

Zs est l'inductance du dispositif de court-circuit définie en 3.1.4.1,

Yom estla valeur de mesure d'admittance du support en I'absence du dispositif d'essai;
Y,s estla valeur de mesure d'admittance du support d'essai définie en 3.1.4.2.

3.1.41 Compensation de court-circuit

Pour le support d'essai A, la dimension et la forme du dispositif de court-circuit applicables
sont illustrées a la Figure 4 et au Tableau 2. L'inductance du dispositif de court-circuit
appropriée doit étre sélectionnée a partir du Tableau 2 selon la dimension de la bobine en

essai. L'inductance du dispositif de court-circuit sélectionné doit étre utilisée comme une
valeur de_compensation

Cuivre plaqué or ou mét
équivalent plaqué or

IEC 320/08
e court-circuit

Tableau 2 — Inductances
N N

I d Valeur d'inductance
Taille de la bgbine en)essai
m mm nH

1608/\< \/\X@/ 0,95 0,43

10§5 \ 0 0,60 0,27

/0803 \ 0,6 0,36 0,16
0402 W\ 0,4 0,26 0,11

ns du dispositif de court-circuit

Si une ‘inductance autre que celle qui est définie au Tableau 2 est utilisée|pour le
support| d'essai valeur employée doit étre spécifiée. Pour le support d'essaj B, les
valeurs [dé lmductance de la forme et de la dimension du dispositif de court-circuit| doivent
étre SpbeIIUUb

3.1.4.2 Compensation de circuit ouvert

La compensation de circuit ouvert pour le support d'essai A doit étre réalisée alors que les
électrodes du support d'essai sont éloignées les unes des autres a la méme distance qu'avec
la bobine en essai montée dans le support. L'admittance Y., est définie comme 0 S (zéro
Siemens), sauf spécification contraire.

La compensation de circuit ouvert pour le support d'essai B doit étre réalisée sans le montage
de la bobine. L'admittance Y,  est définie comme 0 S (zéro Siemens), sauf spécification
contraire.
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3.2 Facteur de qualité
3.21 Méthode de mesure

Le facteur de qualité Q de la bobine doit étre mesuré par la méthode du courant/tension
vectorielle.

3.2.2 Circuit de mesure

Le circuit de mesure est conforme a l'illustration de la Figure 1.

3.2.3 Montage de la bobine
Le monfage de la bobine est décrit en 3.1.2.
3.24 Méthodes de mesure et calcul

fréquen

3¢ a une

pure en

utilisant hesurée
par des ulée par
la formyle suivante:

(6)

3.2.5

Se repo|

3.3 I
3.3.1

L'impéd
méthodé+tension

a méthode du courant/tension vectorjelle. La

3.3.2 Circuit de mesure

Le circuit de mesure est conforme a l'illustration de la Figure 1. Le montage de la bobine au
support d'essai est décrit en 3.1.2.

3.3.3 Méthode de mesure et calcul

La fréquence du signal de sortie (Figure 1) du générateur de signal doit étre réglée a une
fréquence spécifiée séparément. La bobine doit étre raccordée au circuit de mesure en
utilisant le support d'essai décrit ci-dessus. La tension vectorielle £, et £, doit étre mesurée
par des voltmeétres vectoriels Ev, et Ev,, respectivement.

L'impédance doit étre calculée par la formule suivante:
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R
2

£|

3.3.4

est la valeur absolue de I'impédance;

est la résistance;

est la valeur absolue de Evy;
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(7)

+1 ] L, ] <l =
e\.l a valiCul duouUITuT UcT I—V2.

Notes sur la mesure

Se repofrter a 3.1.4 dans la partie de la mesure de l'inductance.

4 Fréjquence de résonance

4.1

minimal
d'impéd

4.2

La méth

Fréquence de résonance propre

9,

urée par la méthode de sortie
6u encore par l'apalyseur
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4.2.1 Circuit de mesure
Le circuit de mesure est conforme a l'illustration de la Figure 5 ci-dessous.
L e B e e
b L
L
Rg E X E
J:\ ) I
N ! 1
: ' Cq
! !
P R
]
Eq r\j G VoL
1
1
| \[/ | Terre
o
\
R e o o e e o o o e e e e e e e e e o2
Table d'essai
Composdnts
G pénérateur de signal
Ry ésistance de la source du générateur de signal (50 Q)
L, obine en essai
Cq apacité distribuée d'une bobine en e
L inductance de la bobine en essai
L1, L2 ligne a micro-ruban 50
\Y oltmetre RF
R ésistance d'entrée du\o
NOTE Up analyse'
place du générateur deSi
4.2.2
La bobi sur la table d'essai de fréquence de résonance propre |
dans I3 e pour la bobine particuliéere par la méthode prescri
I'Annex¢ A. SSh n'existe aucune norme individuelle, la table d'essai de fréque
résonance-propre dait'’correspondre a l'illustration de la Figure 6.

21/08

male a la

rescrite
e dans
nce de
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