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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ELECTROSTATICS –  

 
Part 2-3: Methods of test for determining the resistance  

and resistivity of solid planar materials used  
to avoid electrostatic charge accumulation 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

This redline version of the official IEC Standard allows the user to identify the changes 
made to the previous edition. 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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International Standard IEC 61340-2-3 has been prepared by IEC technical committee 101: 
Electrostatics. 

This second edition cancels and replaces the first edition published in 2000. This edition 
constitutes a technical revision. 

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

a) a distinction has been introduced between instrumentation used for laboratory evaluations, 
instrumentation used for acceptance testing and instrumentation used for compliance 
verification (periodic testing); 

b) an alternative electrode assembly is described, which can be used on non-planar products 
or when the dimensions of the product under test are too small to allow the larger electrode 
assembly to be used; 

c) the formulae for calculating surface and volume resistivity have been modified to 
correspond with common industry practice in the main areas of application for the 
IEC 61340 series. 

The text of this standard is based on the following documents: 

CDV Report on voting 

101/470/CDV 101/494/RVC 

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

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

A list of all the parts in the IEC 61340 series, published under the general title Electrostatics, 
can be found on the IEC website. 

The committee has decided that the contents of this publication will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific publication. At this date, the publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
 

IMPORTANT – The “colour inside” logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this publication using a colour printer. 
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INTRODUCTION 

Measurements of resistances and related calculations of resistivities belong to the fundamental 
objectives of electrical measuring techniques along with measurements of voltage and current. 

Resistivity is the electrical characteristic having the widest range, extending over some thirty 
orders of magnitude from the most conductive metal to almost perfect insulators. 

The basis is Ohm's law and is valid for DC current and instantaneous values of AC current in 
electron conductors (metals, carbon, etc.). Values of resistance measurements using AC 
current can be influenced by capacitive/inductive reactance, depending on the frequency. Thus, 
existing national and international standards dealing with resistance measurements of solid 
materials normally require the application of DC current. 

Most non-metal materials such as plastics are classified as polymers and ion conductors. The 
transport of charges can be dependent upon the applied electrical field strength during the 
measurement. Beside the measuring current, there exists a charging current that polarizes 
and/or electrostatically charges the material, indicated by an asymptotic decay of the 
measuring current with time and causing an apparent change in resistance. If this effect is 
observed, it will be advisable to repeat the measurement immediately after a definite 
electrification time has elapsed using the reverse polarity for the measuring current and 
averaging both obtained values. 
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ELECTROSTATICS – 
 

Part 2-3: Methods of test for determining the resistance  
and resistivity of solid planar materials used  
to avoid electrostatic charge accumulation 

 
 
 

1 Scope 

This part of IEC 61340 describes test methods for the determination of the electrical resistance 
and resistivity of solid materials used to avoid electrostatic charge accumulation, in which the 
measured resistance is in the range 104 Ω to 1012 Ω. 

It takes account of existing IEC/ISO standards and other published information, and gives 
recommendations and guidelines on the appropriate method. 

2 Normative references 

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

IEC 60093:1980, Methods of test for volume resistivity and surface resistivity of solid electrical 
insulating materials 

IEC 60167:1964, Methods of test for the determination of the insulation resistance of solid 
insulating materials 

IEC 60212:1971, Standard conditions for use prior to and during the testing of solid electrical 
insulating materials 

IEC 60260:1968, Test enclosures of non-injection type for constant relative humidity 

IEC 62631-3-1, Dielectric and resistive properties of solid insulating materials – Part 3-1: 
Determination of resistive properties (DC Methods) – Volume resistance and volume resistivity 
– General method 

IEC 62631-3-2, Dielectric and resistive properties of solid insulating materials – Part 3-2: 
Determination of resistive properties (DC Methods) – Surface resistance and surface resistivity 

IEC 62631-3-3, Dielectric and resistive properties of solid insulating materials – Part 3-3: 
Determination of resistive properties (DC Methods) – Insulation resistance 

ISO 1853:1998, Conducting and antistatic dissipative rubbers, vulcanized or thermoplastic – 
Measurement of resistivity 

ISO 2951:1974, Rubber, vulcanized or thermoplastic – Determination of insulation resistance 

ISO 3915:1981, Plastics – Measurement of resistivity of conductive plastics 

ISO 7619-1, Rubber, vulcanized or thermoplastic – Determination of indentation hardness – 
Part 1: Durometer method (Shore hardness) 

Full document details: IEC 61340-2-3 2016 RLV

http://avadocuments2026.com/doc/iec-61340-2-3-2016-rlv
http://avadocuments2026.com/doc/iec-61340-2-3-2016-rlv


 – 8 – IEC 61340-2-3:2016 RLV © IEC 2016 

3 Terms and definitions 

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

3.1  
electrode 
conductor of defined shape, size and configuration being in contact with the specimen to be 
measured 

3.2  
resistance 
R 
ratio of a DC voltage (V) applied between two points and the steady-state current (A) between 
the two points 

Note 1 to entry: Resistance is expressed in ohms. 

3.3  
resistance to ground 
Rg 
resistance measured between an electrode placed on the surface of a test specimen and a 
local ground 

Note 1 to entry: Resistance to ground is expressed in ohms. 

3.4  
resistance to groundable point 
Rgp 
resistance measured between an electrode placed on the surface of a test specimen and a 
groundable point fitted to the test specimen 

Note 1 to entry: Resistance to groundable point is expressed in ohms. 

3.5  
point-to-point resistance 
Rpp 
resistance measured between two electrodes placed a specified distance apart on the same 
surface of a test specimen 

Note 1 to entry: Point-to-point resistance is expressed in ohms. 

3.6 
surface resistance 
Rs 
the ratio of a d.c. voltage (V) applied between two electrodes on a surface of a specimen and 
the current (A) between the electrodes   
resistance measured between a central disc electrode and a surrounding concentric ring 
electrode placed on the surface of a test specimen 

Note 1 to entry: Surface resistance is expressed in ohms. 

3.7 
surface resistivity 
ρs 
resistivity equivalent to the surface resistance of a square area, having the electrodes at two 
opposite sides  
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Note 1 to entry: The SI unit of surface resistivity (Ω) is sometimes referred to as Ω/sq (ohms per square), to 
distinguish resistivity values from resistance values. However, the use of Ω/sq is deprecated because it may imply 
a resistance per unit area, which is not correct. 

3.8 
volume resistance 
Rv 
the ratio of a d.c. voltage (V) applied between two electrodes placed on two (opposite) surfaces 
of a specimen and the steady-state current (A) between the electrodes  
resistance measured between two electrodes placed on opposite surfaces of a test specimen 

Note 1 to entry: Volume resistance is expressed in ohms. 

3.9 
volume resistivity 
ρv 
ratio of a DC field strength (V/m) and the steady-state current density (A/m2) within the material 

Note 1 to entry: In practice, it is equivalent to the volume resistance of a cube with unit length, having the 
electrodes at two opposite surfaces. 

Note 2 to entry: Volume resistivity is not an appropriate characteristic for materials that are electrically 
inhomogeneous. 

Note 3 to entry: Volume resistivity is expressed in ohm  meters. 

3.5 
measuring electrode 
a conductor of defined shape, size and configuration being in contact with the specimen to be 
measured 

4 Conditioning and test environment 

The electrostatic behaviour of materials is influenced by environmental conditions, such as 
relative humidity and temperature. 

For this reason, measurements shall be performed under controlled conditions. The selection 
of the appropriate conditions for testing shall be decided according to the type of material 
(product specification) and the intended application, based on the most severe conditions 
expected to occur during usage (e.g. lowest humidity and highest humidity). 

Unless otherwise agreed, the atmosphere for conditioning and testing shall be (23 ± 2) °C and 
(12 ± 3) % relative humidity, and the conditioning time prior to testing shall be at least 24 h. 

If it is required to test that the measured resistance is not below a minimum limit, additional 
testing at high humidity is required. Unless otherwise agreed, the atmosphere for conditioning 
and testing at high humidity shall be (23 ± 2) °C and (60 ± 10) % relative humidity, and the 
conditioning time prior to testing shall be at least 24 h. 

Specimens shall normally be conditioned and measured in the same climate, if not specified 
differently. However, preconditioning can may be necessary in order to eliminate the effects of 
stress appearing after the moulding process of some plastic materials or as a drying treatment 
before the test procedure starts. Preconditioning shall is normally handled done in a different 
environment. 

Adequate devices are a desiccator in an oven or a climate chamber preferably equipped with 
forced circulation and interchange of air. Additional guidance may be taken from IEC 60212 
and IEC 60260.  
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5 Selection of test method 

For planar materials, the following procedure shall be used to select the test method: 

a) if the range of electrical resistance of a material to be tested is known, then use the 
relevant clause (Clause 6, 7, 8 or 10) where appropriate standards are listed or methods 
described; 

b) for a material of initially unknown resistivity, start the measurements by using methods for 
conductive materials according to Clause 6. 

If the measurement is not possible or the obtained result exceeds the given range for the 
application of the test method, it shall be regarded as being inadequate and the result shall not 
be taken into account. The measurement shall be repeated according to Clause 8 or Clause 10 
for electrostatic dissipative materials. If the situation described above occurs again, the 
measurement shall be repeated according to Clause 7 for insulating materials. 

For non-planar materials and for products with structures that are too small to allow the use of 
the electrode assemblies specified in 8.2, the method described in Clause 10 shall be used. 

If the measurement result using the method described in Clause 10 is less than 104 Ω or 
greater than 1012 Ω, and the shape or dimensions of the material under test do not allow 
measurements according to Clause 6 or Clause 7, the test result shall be reported as either 
“<104 Ω” or “>1012 Ω”. 

6 Resistance measurements of for solid conductive materials  

The resistance of solid conductive materials (non-metals) shall be measured in accordance 
with ISO 3915 for plastics or ISO 1853 for rubbers. If the measured resistance is greater than 
or equal to 104 Ω, use the methods described in Clause 7, 8 or 10. 

For highly conductive materials, the contact resistances necessitate the method of a 
quadrupole measurement in order to avoid a non-linear potential distribution over the 
specimen. The most important parameter is the current injected through the specimen or, even 
more precisely, the dissipated power in order to avoid significantly heating the material. 

7 Resistance measurements of for solid insulating materials 

The resistance of solid insulating materials shall be measured in accordance with IEC 60093, 
IEC 60167 IEC 62631-3-1, IEC 62631-3-2 or IEC 62631-3-3 for plastics, or ISO 2951 for 
rubbers. 

For highly insulating materials, the resistance along the surface can be much lower compared 
to the resistance through the material due to the effect of adsorbed contaminants such as 
water. Furthermore, there can exist a non-linear functional correlation between the applied 
voltage and the conducted current. Thus, the surface and volume resistance of solid insulating 
materials are conventionally measured under specified conditions (generally 500 V and 1 min 
time of electrification) with guarded electrodes. 

Liquid, painted or sprayed contact electrodes could modify the behaviour of the specimen 
under test and shall not be applied. The use of conductive rubber as contact material is 
strongly recommended instead.  
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8 Resistance measurements of for planar electrostatic dissipative materials 
(used to avoid electrostatic charge accumulation) 

The resistance of materials used to avoid electrostatic charge accumulation shall be measured 
according to the instructions given in the subclauses below. 

8.1 Instrumentation 

8.1.1 General 

The instrumentation may consist of either a DC power supply and an ammeter, or an integrated 
instrument (ohmmeter). National safety regulations shall be followed.  

If an ohmmeter without current reading facility is used for volume resistance measurements, a 
separate ammeter is required capable of reading at least from 10 pA to 10 mA with an 
accuracy of ±5 %.  

8.1.2 Instrumentation for laboratory evaluation 

The open circuit output voltage under load shall be (100 ± 5) V for measurements of 1 × 106 Ω 
and higher, and (10,0 ± 0,5) V for less than 1 × 106 Ω. 

If an ohmmeter is used, readings shall be possible at least from 1 × 103 Ω to 1 × 1013 Ω, with 
an accuracy of ±10 %. 

If a DC power supply and ammeter are used, readings shall be possible at least from 10 pA to 
10 mA. The combined accuracy of the DC power supply and ammeter shall be ±10 %. 

8.1.3 Instrumentation for acceptance testing 

Instrumentation for laboratory evaluation or instrumentation meeting the following requirements 
shall be used for acceptance testing. 

The open circuit voltage shall be (100 ± 5) V for measurements of 1 × 106 Ω and higher, and 
(10,0 ± 0,5) V for less than 1 × 106 Ω. 

If an ohmmeter is used, readings shall be possible at least from 1 × 103 Ω to 1 × 1013 Ω, with 
an accuracy of ±20 %. 

If a DC power supply and ammeter are used, readings shall be possible at least from 10 pA to 
10 mA with an accuracy of ±20 %. 

In case of dispute, instrumentation for laboratory evaluations shall be used. 

8.1.4 Instrumentation for compliance verification (periodic testing) 

Instrumentation meeting the requirements for laboratory evaluations or acceptance testing, or 
instrumentation meeting the following requirements shall be used. 

Compliance verification instrumentation shall be capable of making measurements one order of 
magnitude above and below the intended measurement range. The output voltage of 
compliance verification instrumentation may vary from laboratory evaluation or acceptance 
testing instrumentation, and may be rated under load or open circuit. Compliance verification 
instrumentation shall be checked against laboratory evaluation or acceptance testing 
instrumentation to ensure there is correlation between measurement results. 
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In case of dispute, instrumentation for acceptance testing or laboratory evaluation shall be 
used. 

8.2 Electrode assemblies 

8.2.1 General  

The electrodes shall consist of a material that allows intimate contact with the specimen 
surface and introduces no appreciable error because of electrode resistance or contamination 
of the specimen. The electrode material shall be corrosion resistant under test conditions and 
shall not cause a chemical reaction with the material being tested. 

The assemblies described in the subclauses below are recommended to be suitable, but other 
configurations complying with national or international standards may also be used, if 
appropriate. Especially for volume resistance measurements of electrostatic dissipative 
materials, it is important that applied probes of the guarded ring type have sufficient space 
between the centre (measuring) and ring (guard) contact electrode in order to minimize stray 
currents falsifying the readings. It is recommended, that the gap g shall be at least 10 mm. In 
cases of dispute, the assemblies described in this standard shall be applied. 

8.2.2 Assembly for the measurement of surface resistance 

The electrode assembly (probe 1) contains a central disc surrounded by a concentric ring made 
of conductive materials which make contact with the material under test (see Figure 1). The 
total mass of the electrode assembly shall be (2,5 ± 0,25) kg. 

The contact surface material shall have a volume resistance of less than 103 Ω when tested on 
a stainless, non-corrosive metal plate (not aluminium) as the counter electrode by applying 
(10,0 ± 0,5) V, and shall have a Shore A hardness of 50 to 70 when tested according to 
ISO 7619-1. 

Insulating materials used in the electrode assembly shall have volume and/or surface 
resistance greater than 1013 Ω when tested according to IEC 62631-3-1 and/or IEC 62631-3-2 
respectively. 

The material under test should shall be placed on an insulating support as described in 8.2.5. 
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Dimensions in millimetres 

 

Figure 1 – Example of an assembly for the measurement  
of surface and volume resistance 

8.2.3 Assembly for the measurement of volume resistance 

The assembly consists of two electrodes placed on either side of the material under test (see 
Figure 4). The top electrode assembly (probe 1) shall be as described in 8.2.2 and shown in 
Figure 1. 

The bottom electrode (probe 2) shall be a stainless, non-corrosive metal plate (not aluminium) 
sufficiently large to support the specimen under test. Probe 2 shall be equipped with a 
permanent connecting terminal (e.g. plug hole, riveted connector).  

NOTE Crocodile clips can should not be used.  

It should be placed either on an insulating support as described in 8.2.5 prior to test or be 
equipped with equivalent insulating feet.  

8.2.4 Assembly for the measurement of resistance to ground/groundable point 
and point-to-point resistance  

The assembly consists of one (resistance to ground/groundable point) or two (point-to-point 
resistance) electrodes (probe 3) containing a disk made of conductive material which makes 
contact with the material under test (see Figure 2). The total mass of the electrode assembly 
shall be (2,5 ± 0,25) kg. 

Instrumentation cable 
Total mass  
(2,5 ±0,25 kg) 

Insulated wire  
(> 1013 Ω) 

Insulator  
(> 1013 Ω) 

Metal electrode 
mounting base

Conductive electrodes 
(shore A: 50 to 70  
3 mm typical thickness) 

30,5 ±1

57 ±1 3 ±0,5

Probe 1
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The contact surface material shall be conductive enough that two probes placed on a metal 
surface (e.g. probe 2) have a point-to-point resistance of less than 103 Ω when tested with 
(10,0 ± 0,5) V, and shall have a Shore A hardness of 50 to 70 when tested according to 
ISO 7619-1. 

Insulating materials used in the electrode assembly shall have volume and/or surface 
resistance greater than 1013 Ω when tested according to IEC 62631-3-1 and/or IEC 62631-3-2 
respectively. 

The material under test should shall be placed on an insulating support as described in 8.2.5. 

Dimensions in millimetres 

 

Figure 2 – Example of an assembly for the measurement of resistance to 
ground/groundable point and point-to-point resistance 

8.2.5 Test support 

The material shall be tested on a smooth flat support having a surface resistance of more 
greater than 1 × 1013 Ω when tested with 500 V in compliance with IEC 60093 and IEC 60167 
measured according to IEC 62631-3-2. The size shall be at least 10 mm more in length and 
width compared to the size of the specimen under test. The minimum thickness shall be 1 mm.  

8.3 Sample preparation and handling  

Refer to applicable material specifications for sampling instructions. The specimens shall not 
be handled or marked in areas where measurements will be performed. If the areas where the 

IEC 

Total mass  
(2,5 ± 0,25 kg) 

Insulated wire  
(> 1013 Ω) 

Insulator  
(> 1013 Ω) 

Metal electrode 
mounting base 

Conductive electrodes 
(shore A: 50 to 70  
3 mm typical thickness) 

63,5 ±1

Probe 3

Instrumentation cable 
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electrodes make contact have been reworked, this shall be stated in the test report. When the 
surface resistance is to be measured, the surface shall not be cleaned unless agreed on or 
specified. Care shall be taken in applying the electrodes and also in handling and mounting the 
specimens for the measurements in order to minimize the possibility of creating electrical paths 
due to contamination that may adversely affect the test results.  

Specimens shall preferably have a simple geometric shape in the form of sheets with a 
minimum size of at least 80 mm × 120 mm or 110 mm diameter. 

If no other regulation is given, a minimum of three representative specimens of the sample 
material shall be prepared. The sample should be clearly marked in order to identify The 
surface to be tested shall be clearly marked or otherwise identified. 

8.4 System verification fixtures for surface resistance  

8.4.1 Procedure for lower resistance range 

The fixture shall conform to the electrode dimensions of the assembly described in 8.2.1 and 
have 20 individual metal surfaces or pads which make contact with the centre (inner) electrode 
surface, and 20 identical pads which make contact with the ring (outer) electrode surface. The 
fixture shall consist of 20 each, 10 MΩ, 1 % resistors. Each resistor shall be individually 
connected between an inner and outer pad (see figure 5). The material for the fixture shall 
have a volume resistance of 108 Ω at least between the two rows of pads when not connected 
by resistors, and tested with 100 V. 

Prior to the test, the system shall be checked for proper operation as follows: 

The assembly described in 8.2.1 is connected to the instrumentation according to figure 2 and 
then placed onto the fixture. A voltage of 10 V shall be applied and a reading taken after 15 s. 
The result shall be 5,0 × 105 Ω ± 5 %. The check is then repeated after having the assembly 
rotated through 90°.  

NOTE Rotation of the electrode assembly checks the flatness of the fixture and electrode containing surfaces. 

8.4.2  Procedure for upper resistance range and determination of electrification period 

The fixture shall conform to the electrode dimensions of the assembly described in 8.2.1 and 
have metal surfaces or pads which make contact with the electrode surfaces. They are 
connected via a single resistor of 1,0 × 1012 Ω ± 5 % between the centre (inner) and ring 
(outer) contact surfaces (see figure 6). When tested with 500 V in compliance with IEC 60093 
and IEC 60167, the material for the fixture shall have a volume resistance of at least 1014 Ω 
between the two rows of pads when not connected by a resistor. 

The following procedure confirms the capability of the system to measure 1,0 × 1012 Ω and 
offers a method to determine the electrification period as follows: 

The assembly described in 8.2.1 is connected to the instrumentation according to figure 2 and 
then placed onto the fixture. A voltage of 100 V shall be applied and a reading taken when the 
displayed value has reached the steady-state. If the reading is within the tolerance range of the 
resistor, repeat the procedure five times while recording the required time for the instrument to 
indicate a steady-state value. The average of the five recordings is the electrification time. An 
addition of 5 s to this time results in the electrification period that will be used to measure 
specimens higher than 106 Ω. 

8.5 System verification for volume resistance measurements 

8.5.1 Procedure for lower resistance range 

Prior to the test, the system shall be checked for proper operation as follows. 
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Connect the electrodes (probes 1 and 2) to the instrumentation according to figure 3 but 
without a specimen between them. Then insert a 500 kΩ, 1 % resistor between the voltage 
source output and probe 2. A voltage of 10 V shall be applied and a reading taken after 15 s. 
The result shall be 5,0 × 105 Ω ± 5 %. 

8.5.2  Procedure for upper resistance range and determination of electrification period  

The following procedure confirms the capability of the system to measure 1,0 × 1012 Ω and 
offers a method to determine the electrification period as follows: 

Connect the electrodes (probes 1 and 2) to the instrumentation according to figure 3 but 
without a specimen between them. Then insert a 1,0 × 1012 Ω, 5 % resistor between the 
voltage source output and probe 2. A voltage of 100 V shall be applied and a reading taken 
when the displayed value has reached the steady-state. If the reading is within the tolerance 
range of the resistor, repeat the procedure five times while recording the required time for the 
instrument to indicate a steady-state value. The average of the five recordings is the 
electrification time. An addition of 5 s to this time results in the electrification period that will be 
used to measure specimens higher than 106 Ω. 

8.4 Test procedures 

8.4.1 Surface resistance measurements 

The electrode assembly described in 8.2.2 is connected to the instrumentation (see Figure 3). 
The specimen shall be placed onto the test support with the surface to be tested facing up. The 
electrode assembly is then positioned onto the approximate centre of the specimen or at least 
10 mm away from the edges. 

 

Figure 3 – Basic connections of the electrodes  
for surface resistance measurements 

Energize the instrumentation at (10,0 ± 0,5) V and record the reading after (15 ± 1) s, unless 
otherwise specified. If the indicated resistance is less than 1,0 × 106 Ω, report the value and 
proceed to the next specimen. If the indicated resistance is equal to or higher than 1,0 × 106 Ω, 
de-energize the instrumentation and repeat the procedure using (100 ± 5) V. Record the 
indicated resistance after the electrification period determined in A.1.2.  

8.4.2 Volume resistance measurements 

The electrode assemblies described in 8.2.2 are connected to the instrumentation (see 
Figure 4). The bottom electrode (probe 2) is then placed onto the test support first and the 
specimen laid onto it. Afterwards, the top electrode (probe 1) is then positioned onto the 
approximate centre of the specimen or at least 10 mm away from the edges. 

IEC 

Centre electrode (probe 1) 

Ring electrode (probe 1) 

Specimen
Support 
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Figure 4 – Basic connections of the electrodes  
for volume resistance measurements 

Energize the instrumentation at (10,0 ± 0,5) V and record the reading after (15 ± 1) s, unless 
otherwise specified. If the indicated resistance is less than 1,0 × 106 Ω, record the value and 
proceed to the next specimen. If the indicated resistance is equal to or higher than 1,0 × 106 Ω, 
de-energize the instrumentation and repeat the procedure using (100 ± 5) V. Record the 
indicated resistance after the electrification period determined in A.2.2.  

If an evaluation of the volume resistivity is required, the average thickness h of each specimen 
shall be determined prior to any measurement following the instructions given in the relevant 
product specification. 

8.4.3 Resistance to groundable point measurements 

8.4.3.1 Measurements on laboratory specimens 

The test specimens shall be fitted with a representative groundable point. Place the specimens 
onto the test support with the surface to be tested facing up. Put the electrode assembly 
(probe 3) onto the surface of the specimen in a position such that the centre of the electrode 
assembly is at least 50 mm away from the specimen edges or groundable point (see Figure 5). 
Connect the electrode assembly to one lead of the instrumentation and the groundable point to 
the other lead. 

Energize the instrumentation at (10,0 ± 0,5) V and record the reading after (15 ± 1) s if the 
indicated resistance is less than 1,0 × 106 Ω. Then proceed to the next position or specimen. If 
the indicated resistance is equal or higher than 1,0 × 106 Ω, de-energize the instrumentation 
and repeat the procedure using (100 ± 5) V. 

IEC 

Centre electrode (probe 1) 

Ring electrode (probe 1) 

SpecimenSupport 
Electrode (probe 2) 
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Dimensions in millimetres 

 

Figure 5 – Principle of resistance to groundable point measurements 

8.4.3.2 Measurements on installed materials 

Put the electrode assembly (probe 3) onto the surface of the specimen in a position at least 
50 mm away from the specimen edges or groundable point (see Figure 5). Connect the 
electrode assembly to one lead of the instrumentation and the groundable point to the other 
lead. 

Energize the instrumentation at (10,0 ± 0,5) V and record the reading after (15 ± 1) s if the 
indicated resistance is less than 1,0 × 106 Ω. Then proceed to the next position or specimen. If 
the indicated resistance is equal or higher than 1,0 × 106 Ω, de-energize the instrumentation 
and repeat the procedure using (100 ± 5) V. 

NOTE Line-powered instruments may can require an alternate test lead set up to properly 
measure grounded items. The equipment grounding conductor should be insulated from signal 
ground. Additionally, the high-potential test lead may can require connection to the ground side 
of the item under test. Consult the instrument manufacturer’s instructions for test lead 
arrangement. 

8.4.4 Point-to-point resistance measurements 

Connect two electrode assemblies (probes 3) described in 8.2.4 to the instrumentation. The 
specimen shall be placed onto the test support with the surface to be tested facing up. The 
probes shall be then placed onto the surface of the specimen in a specified or, if appropriate, 
otherwise chosen position at least 250 mm in distance from their longitudinal axes, and at least 
50 mm away from the edges of the specimen (see Figure 6). 

Energize the instrumentation at (10,0 ± 0,5) V and record the reading after (15 ± 1) s if the 
indicated resistance is less than 1,0 × 106 Ω. Then proceed to the next position or specimen. If 
the indicated resistance is equal or higher than 1,0 × 106 Ω, de-energize the instrumentation 
and repeat the procedure using (100 ± 5) V. 

IEC

Specimen 
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50 min. 

50 min. 

Electrode (probe 3)

Support 
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Dimensions in millimetres 

 

Figure 6 – Principle of point-to-point measurements 

9 Conversion to resistivity values 

When it is appropriate to convert a suface or volume resistance obtained by the test methods 
described in 8.6.1 or 8.6.2 to an equivalent resistivity, proceed as follows in compliance with 
IEC 60093. 

9.1 Surface resistivity ρs 

Take the following formula according to Figure 7: 

ρs = Rx (d1 + g) · π/g 

ρs = 2π·Rs / loge(d2/d1) 

d2 = d1 + 2g 

where 

ρs is the surface resistivity (Ω); 

Rx Rs is the measured surface resistance (Ω); 
d1 is the diameter of the inner centre contact electrode (m); 
d2 is the inner diameter of the outer ring contact electrode (m); 
g is the distance (gap) between the contact electrodes (m). 

9.2 Volume resistivity ρv 

Take the following formula according to Figure 7: 

ρv = Rx (d1 + g)2 · π/4⋅h 

ρv = Rv (d1)2·π / 4h 

where 

ρv is the volume resistivity (Ωm); 
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(probe 3)

Support

Electrode  
(probe 3) 
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Rx Rv is the measured volume resistance (Ω); 

d1 is the diameter of the inner centre contact electrode (m); 
g is the distance (gap) between the contact electrodes (m); 
h is the specimen thickness (m). 

 

Figure 7 – Configuration for the conversion to surface or volume resistivity 

10 Resistance measurements for non-planar materials and products with small 
structures 

10.1 General considerations 

This method is recommended for testing items with irregularly shaped surfaces. Conventional 
concentric ring and parallel bar electrode configurations are used for testing planar items only. 
However, most packaging items are not planar. Examples include shipping tubes, trays, tote 
boxes and carrier tapes. This probe employs springs to apply consistent contact pressure 
between the electrode and the item. Force created by springs is subject to variance from wear, 
contamination and manufacturing tolerance. This variance is acceptable for this application. 
Elastomeric electrodes compensate for uneven item surfaces. These features yield consistent 
results between laboratories and test operators. 

10.2 Equipment 

10.2.1 Probe 

Refer to Table 1 and Figure 8. 

This two-point probe consists of an insulated metal body with a polytetrafluoroethylene (PTFE) 
insulator inserted into each end. One insulator holds test leads; the other holds receptacles 
that accept spring-loaded pins. One receptacle is surrounded by a cylindrical insulator, which is 
surrounded by a metal shield. The pins are gold plated and have a spring force of (4,6 ± 0,5) N 
at a travel of (4,3 ± 0,1) mm. The pin tips are machined to accept friction fitted (3,2 ± 0,1) mm 
diameter electrically conductive rubber electrodes. The rubber has a Shore A durometer 
hardness of 50 to 70 (see ISO 7619-1). The electrodes are (3,2 ± 0,1) mm long. The electrode 
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material shall be conductive enough that when tested on a stainless, non-corrosive metal plate 
(not aluminium) the point-to-point resistance is less than 103 Ω at (10,0 ± 0,5) V. 

Table 1 provides a list of the key components in Figure 8. 

Table 1 – Material for two-point probe 

Item Detail Example a 

PTFE insulators Approximately 25,4 mm length and 12,7 mm diameter  

Electrode shield Metal tubing approximately 31,8 mm length and 
4,75 mm diameter 

 

Electrode 
insulator 

Heat shrinkable PTFE or other insulator  

Receptacles Receptacle – with solder cup Interconnect Devices Inc., R-5-SC 

Pins Spring pin force is (4,6 ± 0,5) N at (4,3 ± 0,1) mm of 
travel; tip machined to accept electrode 

Interconnect Devices Inc., S-5-F-16.4-G

Electrodes (3,2 ± 0,1) mm long, (3,2 ± 0,1) mm diameter 
conductive material, Shore A durometer hardness 
between 50 and 70 (ISO 7619-1) 

Vanguard Products, VC-7815 

NOTE This is not intended to be a complete materials list for probe construction, but does provide key elements 
that enable performance replication. Refer to Figure 8 for part placement. 

a The parts listed are examples of suitable products available commercially. This information is given for the 
convenience of users of this document and does not constitute an endorsement by IEC of these products. 
Equivalent products may be used if they can be shown to lead to the same results. 
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Figure 8 – Two-point probe configuration 

10.2.2 Sample support surface 

An insulating surface, when used for specimen support, shall have a surface resistance greater 
than 1 × 1013 Ω, measured according to IEC 62631-3-2. 

10.2.3 Resistance measurement apparatus 

Resistance measurement apparatus as specified in 8.1 shall be used. 
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NOTE A constant output meter as specified in 8.1.2 was used to collect all data used to validate this standard test 
method. Data was not collected to validate this equipment configuration. 

10.2.4 Test leads 

Test leads appropriate for the meter are required. A shielded lead from the probe body to the 
instrument will greatly reduce electrical interference (see Figure 9). 

NOTE Measurements for the validation of this test method were made using a shielded lead. 

 

Figure 9 – Probe to instrumentation connection 
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Figure 10 – Spring compression for measurement 

10.3 Test procedure 

The test procedure is as follows. 

a) Connect the probe to the meter as shown in Figure 9. 
b) Place the specimen on the sample support surface. 
c) Compress the spring-loaded pins downward approximately half of the length of travel (see 

Figure 10). 

d) Apply (10,0 ± 0,5) V for (15 ± 1) s and observe the resistance. If the resistance reading is 
less than 1,0 × 106 Ω, record the resistance value and proceed to list item f). If the 
resistance is greater than or equal to 1,0 × 106 Ω, proceed to list item e). 

e) If the observed resistance in list item d) is greater than or equal to 1,0 × 106 Ω, change the 
voltage to (100 ± 5) V and repeat the measurement. Record the resistance value. 

f) Repeat the test for each remaining specimen. 

NOTE 1 A change in the size of the specimen can affect the measurements. 

NOTE 2 Resistance measurements can be affected by the size and spacing between electrodes. The 3,2 mm 
diameter and 3,2 mm spacing of the electrodes was selected to test a wide range of packaging types and sizes. 

NOTE 3 Resistance measurements of a particular sample material can vary due to: 

a) variations in sample surface composition or thickness; 

b) compression of the sample by the force of the electrodes; 

c) variations of the resistance in the electrode material; 

d) change in material properties due to the measurement current; 

e) cleanliness of electrodes or sample. 

NOTE 4 Testing of various electrode materials indicates that the use of harder rubber materials than specified 
creates greater variation in readings. 

11 Repeatability and reproducibility  

The resistance of a given specimen varies with the test conditions and it is normal for the 
materials to be non-uniform. Because of this, determinations are usually not more reproducible 
than ±10 % and are often even more widely divergent (a range of values of one order of 
magnitude may be obtained under apparently identical conditions). The comparability of 
measurements on similar specimens requires a test performance with similar voltage 
gradients. 
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The repeatability of these test methods can be assumed to be in the range of approximately 
one half order of magnitude. If the average value for a series of laboratory tests is 5 × 1010 Ω, 
the spread of values can be expected from 2,5 × 1010 Ω to 7,5 × 1010 Ω. 

12 Test report 

The test report shall include the following information: 

a) description and identification of the material (name, grade, colour, manufacturer, manu-
facturing date, etc.); 

b) shape, dimensions and number of the specimens; 
c) type, material and dimensions of the probes (electrodes), if different from those specified in 

this standard; 
d) conditioning of the specimens including cleaning procedures (temperature, relative 

humidity, duration); 
e) cleaning procedures; 
f) test conditions, if different from the product specification (temperature and relative humidity 

at the time of measurement); 
g) instrumentation (type, calibration information, etc.); 
h) test voltage and electrification time with additional information, if these parameters are 

fixed or specified differently; 
i) number of measurements, individual results and average value; 
j) surface resistivity as individual results with average value, if relevant; 
k) volume resistivity as individual results with average value, if relevant; 
l) resistance-to-ground/groundable point with identification of test positions, if relevant; 
m) point-to-point resistance with identification of test positions and whether the method 

specified in Clause 8 or Clause 10 is used, if relevant, and applied distance between the 
longitudinal axes of the probes, if different from this standard; 

n) dates of specimen preparation and test performance; 
o) any specific observations during test (e.g. polarization effects). 

In the absence of instructions from product standards or other requirements, consideration 
shall be given to the way in which average values are calculated. It is common for arithmetic 
mean to be used to calculate the average value, i.e. the sum of n values divided by n: 


=

=
n

i

i
n
x

x
1

 

where 

x  is the average value; 

xi is an individual value; 
n is the number of values to be averaged. 

Geometric mean may be of more practical significance than arithmetic mean when averaging 
values that vary by orders of magnitude, as is often the case when making resistance 
measurements. For example, five resistance measurements may include four measurements of 
the order of 1 × 109 Ω and one measurement of 1 × 1012 Ω. The arithmetic mean is weighted 
by the 1 × 1012 Ω measurement, whereas the geometric mean is not and may more closely 
represent the overall way in which a material is likely to perform in practice. Geometric mean is 
calculated by taking the nth root of the product of n values: 
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where 

x  
 

is the average value; 
xi  is an individual value; 
n is the number of values to be averaged. 

The test report shall state if arithmetic or geometric mean has been used to calculate average 
values. 
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