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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
Low ESL measuring method on capacitors with lead terminal for use in 

electrical and electronic equipment 

1 Scope 

This standard provides a low ESL measuring method on capacitors with lead terminal type, 
herein after referred to as a capacitor, use in electrical and electronic equipment  
 
This method is applicable to only capacitor with lead terminal spacing of 3,5 mm and 5,0 mm 
on reason such as a measurement jig. 

2 Normative reference 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

IEC 60384-1 Fixed capacitors for use in electrical and electronic equipment Part 1: Generic 
specification 

3 Terms and definitions 

For the purpose of this standard, terms and definitions given in IEC 60384-1 and the following 
apply : 

3.1  
ESL (Equivalent Series Inductance) 
value which is transposed from the reactance of a capacitor to equivalent series inductance. It 
is also called as “equivalent series inductance”. The unit is Henry (H).   

3.2  
Low ESL 
very low inductance value. The inductance values in this standard are the level of 1 nH to 
10 nH. 

4 Measuring instrument, jig, and spacer 

4.1 Low ESL measuring equipment 

The measuring equipment shall be the balanced bridge method which has the following 
performance. 

a) Measurement frequency range shall be as inductance value can be measured up to and at 
a frequency of 40 MHz.   

b) The impedance measurement accuracy shall be better than 3 m ohm and 0.08 % of basic 
accuracy. 

4.2 Measurement jig (test fixture) 

Measurement jig shall have the following features 
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a) The electrode structure shall be a countered type, and consist of fixed electrode which is   
fixed to the body and adjustable electrode which holds the lead terminal of capacitor to be 
measured. 

 The adjustable electrode shall move only the direction to hold the lead terminal and shall 
not rotate around the electrode fixing screw and shall not move to perpendicular to the lead 
holding direction. (See to Note of 5.5.3) 

b) The lead terminal holding method shall be screw up. 

The example of a measurement jig is shown in Figure 1. 

 

 
Figure 1 - Example of measurement jig (test fixture) 

4.3 Short compensation jig 

The short compensation jig shall be the lead wire rod which has the following features of the 
material and dimensions (diameter or cross-section area). 

a) Material shall be the same material as the lead wire of the capacitor to be measured. 
b) Shape shall be as shown in Figure 2 
c) Spacing shall be the same lead spacing as the capacitor to be measured. The tolerance 

on the lead spacing of a short compensation jig shall be ± 0,25 mm. 
d) The length of the short compensation jig shall be 5 mm to10 mm. However, the length 

shall be length as to the short compensation jig can be hold by the measurement jig. The 
straight portion of a jig is kept from bending. When the short compensation jig is bended, it 
corrects so that it may become straight 

spacing 
 
 

                                         5 mm to10 mm 
 
 
 
 

 
Figure 2 - Short compensation jig 

4.4 Spacer 

The spacer for short compensation shall be used for short compensation and spacer for 
measurement shall be used for ESL measurement. These spacers shall have the suitable 
shape to be firmly fixed when they are put on the measurement jig. The example is shown in 

Screw for 
holding of a 
lead terminal 

Fix type 
electrode 
structure 

Adjustable 
type 
electrode 
structure 

Measurement jig
body 



 – 6 – 40/1741/NP 

Figure 3. In addition, the spacer material shall be nonmagnetic and shall be able to assure the 
specified tolerance. 

NOTE The reason for using a spacer at the time of measurement is that the point of view for the measurement of 
ESL in this standard is based on the idea shown in the Annex A. After investigation on the improvement of the ESL 
measurement repeatability and re-productivity, spacers for short compensation and for measurement were found as 
solution. 

 
 
Unit mm 

30

2-φ1.2
ts,tm±0.11

p
(Divided by

center)

(Divided by
center)

 
Unit mm 

P ts 
a tm 

b 

3,5±0,3 1,5±0,1 3,25±0,1 

5,0±0,3 1,5±0,1 4,0±0,1 

a) For short compensation 

b) For measurement 

Figure 3 - Constructional example of the spacer for short compensation, and the spacer for 
ESL measurement 

5 Measuring method 

5.1 Measurement environment 

The measurement environment examines shall be the normal condition specified in 4.2.1 of 
IEC 60384-1. In addition, when a doubt arises in a judgment, it measures in the state of the 
judgment specified in 4.2.2 of IEC 60384-1. 

5.2 Preparation of sample 

The lead terminal of a measured capacitor shall be cut in length of 5 mm to 10 mm. Moreover, 
the lead terminal at that time shall be kept from bending. When the lead terminal is bended, it 
corrects so that it may become straight. 

NOTE Refer to the Annex C about the reason for cutting a lead terminal in short length. 

5.3 Measurement point 

The measurement point of ESL is egress of lead terminal of the capacitor to be measured. 
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NOTE Although the spacer is used at the time of measurement, measuring value is equivalent to having 
measured at the egress of the lead terminal of a capacitor as shown in Annex A. 

5.4 Measurement conditions 

Unless otherwise specified in the product specification, measurement conditions shall be as 
follow. 

a) The measurement frequency shall be 40 MHz 
b) The signal level of an oscillation of a measuring instrument shall be set 0,5 V r.m.s. to 

1,0 V r.m.s.. 

5.5 Measurement procedure 

The measurement shall be performed in the order of open compensation, short compensation, 
and measurement. 

At this time, according to the instructions of the measuring instrument to be used besides the 
measurement conditions specified in 5.4, the suitable number of times to average, integration 
time, etc. shall be set up so that measurement accuracy may become less than 2%. 

NOTE Refer to the Annex D about the verification about the number of times of to average and integration time, 
and measurement accuracy. 

5.5.1 Open compensation 

Install measuring jig specified in 4.2 to the measuring instrument and tighten the screw for 
adjustable electrode with nothing in between electrodes. Open compensation shall be 
performed according to instructions of the measuring instrument in use. 

5.5.2 Short compensation 

Install short compensation spacer specified in 4.4 to the measurement jig specified in 4.2 then 
insert short compensation jig specified in 4.3 through the spacer, and tighten the screw for 
adjustable electrode. Short compensation shall be performed according to instructions of the 
measuring instrument in use. 

The example of the short compensation method is shown in Figure 4. 

 
 

Figure 4 - Method of short compensation 

Electrode of measurement jig

Lead Wire (Same Rod as
measured capacitor)

P P: Same lead terminal
interval as measured
capacitor

Compensation
Spacer
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5.5.3 Measurement 

After performing the compensation proofreading specified in 5.5.1 and 5.5.2, replace short 
compensation spacer with the spacer for measurement specified in 4.4 then insert the lead 
terminal of the capacitor to be measured which is prepared according to 5.2 to the 
measurement jig and tighten the screw for adjustable electrode.  The example is shown in 
Figure 5. 

 
 
 
 

 

 

 

 

 

 

Figure 5 - ESL measurement 

Care shall be taken so that the electrode of the measurement jig does not rotate and prevent 
from the shifting as shown in Figure 6, when insert lead terminal of the capacitor to be 
measured. 

Note - When the electrode of a measurement jig shifts from the position at the time of short compensation, it 
becomes the factor of measurement variation. 
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e) The name of a measurement jig 
f) Measurement frequency and a measurement signal level 
g) Measurement ESL value 

7 Items specified to product specifications 

a) Measurement conditions (5.3) 
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Annex A  
(Informative) 

 
The fundamental view of an ESL measuring method 

 

A.1 Scope 

This Annex indicates the fundamental view of the measuring method of ESL 

A.2 Fundamental view of ESL measurement 

The fundamental view of an ESL measuring method is shown in Figure A.1. The point of 
measurement of low ESL of a measured capacitor is egress of lead terminal of the capacitor 
to be measured. 

Note - ESL of the capacitor measured by this measuring method is based on egress of lead terminal or lead 
terminal position of the seating plane in the case of capacitor equipped air drainage rubber and such.  
When a capacitor body is mounted away from the PC board or soldered at opposite side of the PC board 
where the capacitor is mounted and such, ESL of the capacitor becomes higher by the amount of ESL of the 
lead which is inserted between a circuit and a capacitor.  

The summary for short compensation is as follows; 

a) Use same material and dimensions (diameter or cross section) as use in the capacitor to 
be measured and formed into shape as to Figure 2. 

b) Spacing (p) shall be same as the capacitor to be measured. 
c) Put in the spacer of P/2 of height between a measurement jig and a capacitor at the time 

of measurement.   

 
(a) Short compensation method         (b) Measuring method   

Figure A.1 - Fundamental view of ESL measurement   

Note - In this short compensation, it means that a part for the inductance of a lead equal to the length of a lead 
terminal spacing was deducted superfluously. At the time of measurement, a measured capacitor is 
measured in the state where the height (P/2) of the half of a lead terminal spacing was floated. A part for 
the inductance superfluously rectified by this was added, and it was considered that it was equivalent to 
having measured at the egress of a capacitor lead terminal. 

Electrode of measurement jig

Measured Capacitor

P/2

Measurement Spacer

Electrode of measurement jig

Lead Wire (Same Rod as
measured capacitor)

P P: Same lead terminal
interval as measured
capacitor

Compensation
Spacer
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Annex B  
(Informative) 

 
The example of verification with the case where it computes 

from an ESL measuring method and a circuit 

B.1 Scope 

This Annex indicates the example of verification with the case where it computes from an ESL 
measuring method and a circuit. 

B.2 Comparison verification with ESL value computed from output ripple of 
DC-DC converter, and ESL value measured with measuring instrument 

About the output ripple voltage of a DC-DC converter, not only capacitance value and ESR of 
the output smoothing capacitor but also by ESL affect it. Then, the ESL value of a capacitor 
was calculated from Vripple(ESL), which is the ESL ingredient of this output ripple voltage 
waveform and comparison examination of the ESL value measured with the measuring 
instrument based on the view shown in Annex A was carried out. 

Vripple (ESL) of an output ripple voltage waveform of the DC-DC converter shown in Figure 
B.1 appears when flowing current transit under affect of ESL, and can be calculated by the 
following formula. 

( ) ( ) LTIV ×= /L  
Where  V(L) :  
 I :  
 T :  

 L : ESL 
 

 
 
図 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

Figure B.1 - Wave of DC-DC converter 

Considering waveform using a capacitor with very low ESL close to zero, voltage waveform 
could be like dotted line shown in Figure B.1, which is formed by the capacitance and ESR of 
the capacitor.  On the other hand a capacitor with ESL is not negligible; voltage waveform 
could be like solid line shown in Figure B.1 due to the voltage under the affect of ESL 
superimposed on during the current flow through the capacitor is changing. 

Ton Toff

Ip-p

Wave Form without ESL

Wave Form with ESL

Voltage Wave Form of Output Ripple

Current Wave Form of Capacitor

Vripple(ESL)
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The value of Vripple (ESL)  is read from an output ripple voltage waveform of Figure B.1 and 
Ton, Toff, and Ip-p are read from current wave form of Figure B.1, then the ESL value is 
calculated using the following formula. 

( )
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
×⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
×⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= −− L

I
I

L
I
I

V
off

pp

on

PP
ripple ESL  

( )
( ) ppoffon −×+

××
=

ITT
ESLVTT

L rippleoffon  

 
Where   L : ESL 
 Vripple (ESL) : Ripple voltage by ESL ingredient 

Ton : Current rise time 
Toff : Current fall time 
Ip-p : Current change 

DC-DC-converter circuit conditions: A Buck form，7 V to15 Vin，5Vout， f= 200 kHz to 
800 kHz. 

ESL value was measured under the following conditions based on the view in Annex A. 

Measurement result    :     Average value of n = 3 pcs., 
Measuring instrument      :A company; 4194A，  B company;4192A 
Measurement frequency: 10 MHz，measurement jig:16047C 

The result of the measured value by a measuring instrument and the calculation value from 
the output ripple voltage waveform of a DC-DC converter are shown in Table B.1. 

Table B.1－ Comparison with ESL value measured with ESL value calculated  
from output ripple of DC-DC converter, and measuring instrument 

Specimen size 
 (lead wire terminal spacing)  

mm 

The measurement 
result of A 
company 

The measurement result 
of B company 

Calculated ESL 
from wave form 

φ8×12L(3,5) 4,36 nH 4,44 nH 4,69 nH 

 

From this result, ESL measurement valueｓ  using this method seem feasible to use as a 
reference parameter for circuit simulation.  
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Annex C  
(Informative) 

 
The example of a check by the difference in the length  

of a lead wire terminal 

C.1 Scope 

This Annex indicates the example of the ESL measurement by difference in length of the lead 
terminal of capacitor to be measured. 

C.2 Length of lead terminal of measured capacitors 

In the stage of examining the measurement factor to at any time, the direction of a lead 
terminal with the short longer lead terminal showed that measured value was stabilized. For 
this reason, variation in measurement examination that made the length of a lead terminal the 
parameter was checked. The result is shown in Figure C.1. 

The following can be said from the result. 

When a lead terminal is long, the contact position of the electrode of a measurement jig and a 
lead terminal may vary, and this is the reason for variation on the measurement results. The 
length of a lead terminal affects the contact state of a lead terminal to the electrodes of the 
measurement jig. The examples of contact state differences are shown in Figure C.1. 

 
 

Variation in measured value by the length of the lead teminal
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Figure C.1 - Variation in ESL measured value by length of lead wire 
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Electrode of Measurement jig

Lead Wire

Clearance No
Clearance

 
Figure C.2 - Contact position of electrode of measurement jig and lead wire  

by length of lead wire terminal 

 



 – 15 – 40/1741/NP 

Annex D  
(Informative) 

 
The number of times to average of a measuring instrument 

and the example of investigation of reset time 

 

D.1 Scope 

This Annex indicates the example of verification by the difference between the number of 
times to average of a measuring instrument, and integration time.   

D.2 The number of times to average of measuring instrument, and 
investigation of integration time 

The number of times to average and integration time of a measuring instrument investigated 
about the influence that it has on measured value variation. Fixing one of product size φ8x12L 
to a measurement jig, the number of times to average (1 to 128) and integration time (Short, 
Medium and Long) were changed, and it was considered as the index of measurement 
variation in quest of range R (maximum - minimum) when measuring 10 times, respectively. 
As a result, therefore, the next conclusion was obtained. 

a) When the number of times to average is increased, and when integration time is 
lengthened, the variation in measurement becomes small. 

b) By making 40MHz of measurement frequency high from 10 MHz, the variation in 
measurement becomes small. 

c) It is necessary to choose the number of times to average suitable for measurement, and 
integration time with a measuring instrument. 
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NOTE R is the difference of a maximum and minimum value among 10 measurements. 

Figure D.1 - Examination of the number of times to average, and integration time 


