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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

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

ISO 16773-2 was prepared by Technical Committee ISO/TC 35, Paints and varnishes, Subcommittee SC 9, 
General test methods for paints and varnishes. 

ISO 16773 consists of the following parts, under the general title Paints and varnishes — Electrochemical 
impedance spectroscopy (EIS) on high-impedance coated specimens: 

⎯ Part 1: Terms and definitions 

⎯ Part 2: Collection of data 

⎯ Part 3: Processing and analysis of data from dummy cells 1) 

⎯ Part 4: Examples of spectra of polymer-coated specimens 1) 

 

                                                      

1) In preparation. 
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Paints and varnishes — Electrochemical impedance 
spectroscopy (EIS) on high-impedance coated specimens — 

Part 2: 
Collection of data 

1 Scope 

This part of ISO 16773 provides guidance on optimizing the collection of EIS data from high-impedance 
systems. High impedance in the context of intact coatings refers to systems with an impedance greater than 
109 Ω⋅cm2. This does not preclude measurements on systems with lower impedance. 

This part of ISO 16773 deals with 

⎯ instrumental set-up: requirements and pit-falls; 

⎯ data validation: checking the measurement range and the accuracy of the data; 

⎯ performing an EIS measurement: specimen considerations and instrumental parameters; 

⎯ the experimental results: different methods of presenting EIS data. 

Following the recommendations should ensure the acquisition of EIS data that can be used to study the 
performance of the specimen. It does not give guidelines for the interpretation of the data. 

2 Normative references 

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. 

ISO 16773-1, Paints and varnishes — Electrochemical impedance spectroscopy (EIS) on high-impedance 
coated specimens — Part 1: Terms and definitions 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 16773-1 apply. 

4 Principle 

A so-called “confidence” test is described in order to check the suitability of the entire set-up and 
recommendations are given as to how to perform EIS experiments. For convenience, only potentiostatically 
controlled EIS measurements are described, although it is also possible to make EIS measurements under 
galvanostatic control. 

A potentiostat is connected either to a dummy cell or to an electrochemical cell (with working, counter- and 
reference electrodes). A single-sinusoidal- or multi-sinusoidal-waveform potential, either in conjunction with a 
d.c. offset or not, is applied by the potentiostat to the dummy cell or to the electrochemical cell, and the 
resulting a.c. current is measured. Both potential and a.c. current data are collected and analysed for 
amplitude and phase shift. This can be done in a variety of ways, depending on the type of equipment used. 
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All data are presented and compared graphically, or computed for equivalent circuits. In the case of the 
dummy cell, the values of these equivalent components are compared to the actual cell components 
connected to the potentiostat and evaluated for coherence. 

5 Electrochemical cell 

5.1 General 

NOTE 1 Various types of measurement cell exist which are suitable for use with this part of ISO 16773. Most 
commonly used are two-electrode and three-electrode arrangements for measurements in an aqueous electrolyte. 

The cell should be constructed of materials that will not corrode, otherwise deteriorate or contaminate the 
solution (e.g. PMMA, PTFE or glass). A material compatibility test should be carried out. 

The cell should be leak-proof to ensure that the geometrical surface of the specimen does not change with 
time. 

The cell should preferably be designed to allow the following items to be inserted into the electrolyte chamber: 
the working electrode, the reference electrode, the counter-electrode, a thermometer (for temperature control) 
and gas inlet/outlet tubes to modify the oxygen content of the electrolyte. When using an inert gas, a gas 
scrubber should be used. 

An example of an electrochemical cell is shown in Figure 1. 

 

Key 
1 reference electrode 
2 counter-electrode 
3 electrolyte 
4 O-ring 
5 coating 
6 working electrode 

Figure 1 — Example of an electrochemical cell 

NOTE 2 This drawing does not imply that other designs are unsuitable. 

The components shown in Figure 1 are described in 5.2 to 5.4. 
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5.2 Electrodes 

To perform EIS in aqueous solution, the more conventional set-up is composed of a three-electrode 
arrangement: a working electrode, a reference electrode and a counter-electrode. 

Working electrode: A conductive substrate covered by the coating to be investigated. A large surface area is 
preferred to better take into account any defects and to decrease the impedance of the system to give a better 
signal-to-noise ratio. 

Counter-electrode: Inert material such as platinum with a large surface area oriented parallel to the working 
electrode in order to ensure a homogeneous current distribution. 

Reference electrode: A low-impedance and low-noise reference electrode is recommended [in the context of 
this part of ISO 16773, a salt bridge (e.g. Luggin capillary) is not required]. The potential of the reference 
electrode should be checked periodically to control the accuracy of the electrode and its stability with time. At 
very high frequencies, the presence of the reference electrode can induce some spurious effects. 

NOTE 1 To improve the quality of the high-frequency signal, a platinum wire with a capacitor may be placed in parallel 
with the reference electrode. The capacitor ensures that the d.c. potential is coming from the reference electrode and a.c. 
potential from the platinum wire. 

NOTE 2 For specific applications it can be acceptable to use a pseudo-reference electrode consisting of an inert 
material such as a high-nickel alloy or a chloridized silver wire. Pseudo-reference electrodes are useful for measurements 
in the field, where a reference electrode can be easily broken. 

5.3 Exposed area 

The exposed area should be accurately known, constant with time, and should be adequate for the 
investigation. Large areas make the measurement more sensitive for single defects (pores) and give better 
signal-to-noise ratio. 

5.4 Electrolyte 

The resistance of the solution should be low in comparison to the impedance of the investigated system. 
Different types of electrolyte can be used. Non-aggressive electrolytes can be employed to characterize the 
properties of the system without introducing corrosion. An aggressive solution may be selected to characterize 
the corrosion resistance of the system. The electrolyte should be chosen with the end use of the coating in 
mind. 

6 Procedure 

6.1 Grounding 

An EIS instrument consists of a potentiostat, a computer and a module or instrument specifically required for 
the impedance measurement. 

Electrical grounding considerations between the instruments, the specimen and the environment are important, 
both for the safety of the operator and the acquisition of as accurate and noise-free EIS data as possible. 

a) The safety of the operator is important. The chassis of the EIS instrument should be connected to ground 
to avoid a potentially lethal electrical shock if the instrument malfunctions. The chassis is normally 
grounded through the connection to the a.c. mains. Under no circumstances should this connection to 
ground be bypassed. 

b) In most cases, the coated specimen is tested in the laboratory in an electrochemical cell such as that 
described in 5.1 in which the specimen is electrically isolated from ground, or “floating”. This is the 
simplest case with no special consideration needed for connection of the instrument to the specimen. 
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c) If, however, the coated specimen is grounded, then the grounding considerations become more complex. 
This could happen if EIS is used to test coated structures in a field such as vessels or pipelines. If the 
coated specimen is grounded, then the EIS instrument should be electrically isolated from ground to 
obtain accurate EIS data. This is not a trivial consideration and is generally taken into account during the 
design of the EIS system. Floating the EIS system by bypassing the protective ground connection to the 
mains is a safety hazard and is not acceptable. 

d) When connecting up the various instruments and computers, it is possible to inadvertently ground a 
floating instrument through the connection to a grounded instrument. This can give rise to noise through 
“ground loops” or even result in improper operation. 

6.2 Shielding 

Shielding is very important for noise considerations in EIS measurements of high-impedance specimens. 
Proper shielding will ensure that the cell electrodes and cables will not pick up electromagnetic radiation from 
the surroundings. The electrochemical cell should be placed inside a Faraday cage and the Faraday cage 
connected to an appropriate ground connection of the potentiostat. If the potentiostat has an externally 
mounted electrometer, the electrometer should also be put inside the Faraday cage. The manufacturer's 
manual should be consulted to ensure proper wiring. 

6.3 Cell cable ground contacts 

The connections between the cell cables and the cell should be clean and the length of the cables should be 
as short as possible to minimize stray capacitance. 

6.4 Local conditions 

The following conditions in the vicinity of the EIS experiment can affect the quality of the measurement. 

a) The incoming a.c. power to the EIS instrument can be noisy or exhibit large voltage transients, both of 
which can result in noise in the electrochemical data. If severe, the user may install an a.c. line 
conditioner. The raw potential and current data are usually averaged by the EIS instrument and are not as 
susceptible to line noise as d.c. experiments. 

b) Electromagnetic noise from electrical devices (e.g. computer monitors) in the local vicinity of the EIS 
experiment can also contribute to noise in the experiment. Again, data processing will discriminate 
against this noise. Instruments or appliances that operate intermittently (e.g. freezers, ovens, ultrasonic 
cleaners, magnetic stirrers, water baths) are particularly troublesome because they can introduce noise in 
the electrical circuit when they are activated. These devices should be operated on a different circuit, if 
possible. Because of the low current levels which are typically observed in EIS experiments on coated 
specimens, the specimen should always be contained in a Faraday cage that is connected to the 
appropriate instrument ground. 

c) The relative humidity in the environment can also be of concern. If the relative humidity is high, then 
micro-condensation can occur in the electronics of the EIS instrument, providing a low-impedance 
leakage path. At the low current levels typically encountered in EIS experiments on coated specimens, 
this can result in errors in the current measurement. 

6.5 Measurement equipment characteristics 

An electrochemical cell has impedance values that can range from 1 mΩ to more than 1 TΩ (1012 Ω). The 
measured impedance of coated specimens can range up to 1012 Ω. 

A specimen with high impedance will exhibit very low current flow during the EIS experiment. Therefore, the 
instrument used to measure the EIS of coated specimens needs to be capable of measuring these low 
currents. The test described in 6.6 is useful to make sure an EIS instrument is capable of measuring coated 
specimens. 

All equipment should be able to measure the dummy cell described in 6.6.1. 
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Sometimes, it might be desirable to perform an open-lead test in order to find the limits of the entire set-up 
under the given conditions. A method of estimating the maximum measurable impedance with the open-lead 
test is given in Annex A. 

NOTE EIS measurements on high-impedance coatings are not limited to the above-mentioned cell designs. 

6.6 Confidence test 

6.6.1 General 

In order to obtain confidence in the entire experimental set-up, it is recommended that a confidence test be 
carried out prior to measurements of real specimens. Confidence can be obtained by carrying out reference 
tests using hard-wired dummy circuits with known values for capacitance and resistance. These values should 
be in the order of magnitude which can be expected for the actual coated specimen under investigation. As 
high-impedance coatings easily reach values of several gigaohms, combined with low capacitance of about 
100 pF, it is recommended that the circuit in Figure 2 be used as a reference. 

 

R1 = 50 GΩ 
C1 = 150 pF 
Rs = 50 Ω 

Figure 2 — Dummy cell for confidence test 

6.6.2 Use of interlaboratory test cells for confidence test 

Because significant knowledge has been gathered during the performance of a related interlaboratory test, 
similar circuits with similar values, as used in the interlaboratory test, could be used for the confidence test. 

NOTE Details are given in Part 3 of this International Standard. 

6.6.3 Error estimate and accuracy 

Data for error estimate, accuracy, reproducibility and repeatability are not currently available. They will be 
provided after the completion of an interlaboratory test. 

6.7 Specimens 

6.7.1 Preconditioning of specimens 

Proper preparation and preconditioning of coated specimens is critical for successful and reliable EIS data. 

6.7.2 Environmental control 

The coating should be applied and cured in accordance with the manufacturer’s recommendation unless 
otherwise agreed upon between the participating parties. 

The film thickness should be as uniform as possible. The exact film thickness should be measured and 
reported (e.g. in accordance with ISO 2808). 

Temperature and humidity control during the application, curing, conditioning and impedance measurement of 
organic coatings is crucial for a proper determination of the coating resistance. 
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The temperature of the specimens during the impedance measurements should be held constant to within 
± 2 °C, preferably within ± 1 °C. Relative values for comparison between specimens outside these guidelines 
are acceptable if all the specimens are run under the same conditions. 

When the coating capacitance is the main parameter of interest, control of relative humidity during specimen 
conditioning is very important. To ensure accurate conditioning, the humidity should be (50 ± 5) % in 
accordance with ISO 3270, if not as otherwise agreed. 

For reliable measurements, temperature control should be equal to or better than ± 1 °C. For conditioning 
prior to measurement, an accuracy of ± 2 °C is sufficient for most cases. Each specimen should be kept under 
controlled conditions in order to prevent post-curing, degradation or any unintended irreversible modification of 
the coating. 

6.8 Evaluation of laboratory and field coating specimens 

Impedance measurements can be used to further characterize coating degradation during a weathering test. 
Impedance is measured on separate specimens after different elapsed times during the test and on 
completion of the test. Such weathering tests can be salt spray exposure in accordance with ISO 9227, 
exposure in a humidity chamber in accordance with ISO 6270-1, or cyclic tests such as those described in 
ISO 20340:2003, Annex A. Other test methods are also used. 

When the coated panels are removed from the test chamber for impedance measurements, they typically go 
through a change in temperature and humidity. Some drying-out can occur if they are removed for more than 
a few minutes. Further, the coating is exposed to an electrolyte in the electrochemical cell, which can be 
different from the fluid in the test chamber. Therefore, special attention should be given to the precise 
procedure and timing when changing, removing and replacing specimens for measurement. The procedural 
details should be reported with the results. 

If the impedance measurement is done in an aggressive electrolyte (e.g. an organic solvent), the exposure of 
the coating to the electrolyte can be considered as an additional component of the weathering test. 

In the case of cyclic weathering tests, impedance measurements will depend upon the specific cycle the test 
panels are in. To allow comparison of impedance measurements to reveal trends and changes, sequential 
impedance measurements should be taken at the same time and in the same part of the cycle. 

Stray currents can occur when impedance is measured on a wet surface, even when the measured area is 
some distance from a scribe or other artificial holidays. These stray currents can simulate a damaged coating, 
even if the coating is in excellent condition. Therefore, it is recommended that preventive measures, such as 
drying the non-measured area as completely as possible, be taken to avoid stray currents or other potential 
sources of error. 

6.9 Number of specimens and repeatability of results 

Coatings are materials with certain inherent properties: holidays, inhomogeneous film thickness, and non-
uniform distribution of pigments, fillers and other constituents. It is therefore necessary to test more than one 
panel. In most cases, a minimum of three replicate specimens is necessary for reliable results. It should be 
checked if the uniformity between the different specimen plates is sufficient. It is quite common to find 
repeatability better than 10 % between the capacitance of replicate specimens, but this depends on the type 
of coating and the conditions of measurement. More replicates might be necessary to overcome uniformity 
problems. 

Such checks should be the responsibility of the operator and should also be agreed between the parties 
involved. 

Specimens undergoing a rapid change, caused by weathering or other effects producing degradation, can 
show a larger fluctuation and therefore a lower repeatability. 

Most measurement cells contain an electrolyte that is the medium between the coating and the counter-
electrode. This means that the dominant process in the first 24 h is the absorption of electrolyte by the coating. 
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To follow this process, the impedance of the coating should be measured more frequently at the beginning, 
the exact frequency depending on the system. 

The accuracy, reliability and repeatability of the experimental set-up should be determined on the dummy cell. 

7 Instrumental parameters 

7.1 General 

Before running an impedance experiment, enter those parameters necessary to set up the instrument for the 
measurement. Most computer-controlled instruments have software that provides the set-up of these 
parameters. At this point, assume these parameters have been set correctly and the signals applied to the 
electrode are consistent with the required set-up. Although different manufacturers each have their specific 
way(s) of setting these parameters, this part of ISO 16773 focuses only on those parameters that are relevant 
to the test and need to be specifically controlled. 

This part of ISO 16773 describes only the standard method based on single-sine techniques. It does not apply 
to other ways of collecting EIS spectra such as multi-sine-waveform techniques. In addition, it is limited to 
impedance spectra produced in the potentiostatic operating mode. This means that the potential will be 
controlled at the working electrode and the current measured as a function of the perturbation in the potential. 

7.2 Conditioning potential and conditioning time 

If the test is performed on a dummy cell, the conditioning potential and conditioning time need not be entered. 
They provide electrochemical treatment to the specimen before the actual measurement is started. They are 
sometimes also referred to as delay timing or equilibration timing. 

7.3 Frequency spectrum 

Most of the coating information will be found between 100 kHz and 0,01 Hz. 

The frequency spectrum is the range of frequencies that is applied to the cell. In most high-impedance coating 
applications, high frequencies (above 10 kHz) will not be used, since most of the characteristic information of 
the coating will be found below this frequency. Therefore, the recommended high-frequency limit is 100 kHz. 

The low-frequency limit will vary with the application. As a general comment, the minimum frequency should 
be low enough so that the impedance assumes a constant value. Precise work on high-impedance coatings 
might require frequencies as low as 0,000 1 Hz for determination of the limiting resistance and other 
characteristics. For screening work, low-impedance coatings, or other specialized applications, a low-
frequency limit of 0,01 Hz or higher might be adequate. 

If the equipment allows the selection of the direction of the frequency scan, preference should be given to 
scanning from high frequency to low frequency for coating measurements. The spectrum obtained from a 
dummy cell should be completely independent of scan direction. 

7.4 Data point spacing and points per decade 

The standard procedure in electrochemical impedance spectroscopy is to take the frequency spectrum with 
logarithmic data point spacing. Therefore, it is also necessary to apply the number of data points within each 
decade of frequency points. At least 5 points should be taken per decade to provide a minimum data point 
resolution. This resolution is needed to allow accurate equivalent-circuit modelling with the data after the 
experiment. 

7.5 D.c. potential control 

D.c. potential control is always used with impedance measurements to control the electrochemical reactions at 
the surface of an electrode while performing the impedance measurement. Most EIS instruments allow the d.c. 
potential to be specified with respect to the open-circuit potential or as an absolute voltage versus the 
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reference electrode. In most cases, the d.c. potential applied during an EIS measurement on a coating is the 
open-circuit potential. 

The dummy cell does not require this potential to be controlled at a specific offset value. It should be fixed at 
0 V. Since the open-circuit potential of a dummy cell is 0 V, the d.c. voltage can also be specified as “0 V vs. 
Uoc”. 

For a coated metal specimen that is in excellent condition, it is difficult to obtain a stable value of the open-
circuit potential. The non-electroactive nature of the coating causes the specimen to behave like a capacitor, 
for which an open-circuit potential is undefined. This capacitance, combined with instrumental effects, can 
lead to drift in the value of the open-circuit potential. 

For coatings in good condition, the EIS experiment should be performed at the open-circuit voltage of the bare, 
uncoated substrate in the electrolyte. The open-circuit voltage of the substrate should be measured in the 
electrolyte as a separate experiment. The value of the open-circuit potential is then used during the EIS 
measurement and specified “vs. the reference electrode”. 

As the coating deteriorates upon exposure to the electrolyte, the specimen will assume more resistive 
characteristics. This condition can be recognized by a more stable value for the open-circuit potential. When 
this occurs, the d.c. potential during the EIS measurement can be defined with respect to the stable open-
circuit potential for convenience. 

7.6 Amplitude of perturbation 

The perturbation amplitude is the potential sine wave that is applied through the potentiostat as a polarization 
voltage to the working electrode. Its amplitude is defined mostly in millivolts and should be as small as 
possible. In this way perturbation of the electrode is minimal. This is necessary to prevent the electrode 
surface from being permanently changed by too high polarization during the measurement. It should be 
applied within the linear response window of the electrode. Due to this small polarization, the resulting 
currents will also be very small. Depending on the impedance of the coating, which can be up to 1 GΩ or 
higher, currents can become so low they cannot be measured by the potentiostat any more, or will disappear 
in the electrical noise. As a result, the measurement system will approach its limits. 

For the purposes of this test, the standard value of 20 mV rms (= 56,6 mV peak-to-peak) will be used. 
However, the choice can be made to use a higher amplitude when the system is found to be incapable of 
measuring these high-impedance values. 

To verify that the measurement is done within the linear response window, it should be made at several 
amplitudes. The same spectrum should be obtained at each amplitude. 

7.7 Current range settings 

The choice of a specific current range, or set of ranges, is of great importance for the dynamic range of the 
impedance measurement. Since the methods described in this part of ISO 16773 cover a wide range of 
frequencies, a broad dynamic current range of the instrumentation is needed. 

All instrument manufacturers have specific and different ways of adjusting these settings. For the purposes of 
this test, the choice of settings should be made depending on the type of equipment, and it should be ensured 
that the broadest dynamic range for the tests is chosen. There are no recommended settings for this 
parameter because they are manufacturer specific. 

7.8 Data averaging settings 

Data averaging is used to smooth the resulting data from noise, thus leading to better results and more 
reliable equivalent circuit modelling. Again, the different manufacturers have specific ways to perform this task. 
In general, it can be said that the more data averaging is used, the better data quality will be reached, but also 
the total experiment duration will be increased. Data averaging, as well as filtering on the electronic signals, is 
instrument specific, and therefore not part of the parameter settings for this test. Optimum conditions should 
be established for any given experimental set-up. 
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8 Data presentation 

8.1 General 

In order to visualize the measured data, two different types of graphs are used. Each of them has advantages 
and disadvantages. For example, the entire dynamic range of the spectra of intact barrier coatings (several 
orders of magnitude of impedance and frequency) is only visible by using a Bode plot. Minor differences in the 
low-frequency part of the spectra, however, become more obvious by using Nyquist plots. For intact coatings, 
the Bode plot is preferred, but in the case of damaged coatings the Nyquist plot gives important information as 
well. 

8.2 Bode plot 

The Bode plot is a double logarithmic graph of the modulus of impedance |Z|, in ohms, against frequency f, 
in hertz. Usually, the absolute value of the phase angle ϕ is plotted linearly on the vertical axis, generally from 
0° to 90°. It is common practice to refer the impedance to the area, so the unit of Z becomes ohms times 
square centimetres. 

In some cases, especially when more than one spectrum is plotted, it is recommended that phase angle and 
impedance be plotted separately, as shown in Figure 3. 

 

 

Key 
X1 logf (f in Hz) 

Y1 log|Z| (Z in Ω⋅cm2) 

X2 logf (f in Hz) 

Y2 |ϕ| (degrees)  

Figure 3 — Bode plot 
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8.3 Nyquist plot 

The Nyquist plot is a linear graph of the negative imaginary part z″ of the impedance versus the real part of the 
impedance z′ (see Figure 4). It is common practice to refer the impedance to the area, so the units of z′ and z″ 
become ohms times square centimetres. 

 

Figure 4 — Nyquist plot 

For better interpretation of the measured data, markers for frequencies should be used. These markers should 
highlight to which frequency the distinct data point belongs. For better readability, only one marker per decade 
should be used. 

9 Exchange file format 

The details of the exchange file format are given in Annex B. 
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Annex A 
(informative) 

 
Determination of maximum measurable impedance with 

the open-lead test 

Every instrument used for EIS experiments has a maximum measurable impedance that is a function of 
frequency. Most coatings on metals have a high impedance (1 × 106 Ω or greater) and it is important to know 
that the impedance of the coated specimen does not exceed that of the measurement instrument. This upper 
limit is due to stray capacitance and impedance in the electronics in the EIS measurement system. 

To obtain the impedance limit of the measurement instrument, conduct the following procedure in accordance 
with the manufacturer's instructions. Connect the counter-electrode and reference-electrode leads together. 
Place the pair of leads in a Faraday cage, ensuring that they do not touch each other or the conductive 
surface of the Faraday cage. 

Run an electrochemical impedance spectroscopy measurement to cover the frequency range of interest for 
the coated specimen. Typical parameters might be 100 000 Hz to 100 µHz at a d.c. offset of zero volts versus 
the reference electrode potential and an applied a.c. waveform of 20 mV. Obtain five points per decade. 

The Bode plot shown in Figure A.1 gives an example of the data that the user should expect to obtain. In this 
Bode plot, the internal impedance of the instrument behaves as a capacitor (constant slope of −1) at high 
frequencies, but eventually levels out at low frequencies to a constant value. 

The open-lead plot can be used as a guide to the error introduced into EIS measurements of coatings which 
approach the limit of the instrument. If the impedance of the coated specimen at any frequency is within one 
decade of the open-lead value at that frequency, then the measured impedance at that frequency is likely to 
be in error by 10 % or more. For example, the open-lead value in the figure at 0,1 Hz (antilog of −1) is about 
1,6 × 109 Ω (antilog of 9,2). If the impedance of a specimen at 0,1 Hz exceeds 1,6 × 108 Ω (antilog of 8,2), the 
measurement is likely to contain significant error (> 10 %). 
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Key 
X1 logf (f in Hz) 
Y1 |ϕ| (degrees) 
Y2 log|Z| (Z in Ω⋅cm2) 

1 |ϕ | vs log f 
2 log|Z| vs log f 

Figure A.1 — Maximum measurable impedance with the open-lead test 

All equipment should be able to measure the dummy cell described in 6.6.1. 
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Annex B 
(normative) 

 
Data exchange file format 

B.1 General 

This annex defines a data interchange format for impedance data obtained from different measurement 
systems made by different manufacturers. Besides the definition of the exchange data format, rules are given 
for the software tools which may be employed to export and import the data file. 

In the following, the software which exports a set of impedance data is denoted as the “export software” and 
abbreviated as ES. The software which imports the data file and handles and/or evaluates the corresponding 
impedance spectrum is denoted as the “import software” and abbreviated as IS. 

A text file created by the ES may contain sections of comments and should contain at least one section of 
impedance data. 

Correspondingly, the IS should be able to separate sections of comments and sections of data. 

B.2 General considerations for the file format for ES and IS 

a) The general file format is ASCII (i.e. a pure text-file) to enable the reading of the file without the need of a 
special word processing software. 

b) No text-formatting code (e.g. bold, italic, etc.) is allowed within the file. 

c) The number of characters within a single line of the text-file is restricted to 250 characters. 

d) Each line of the file should end with a CRLF sequence (see below). 

e) No difference should be made between upper-case and lower-case letters by the ES. Every line of the file 
should be converted into lower-case letters (or upper-case letters respectively) during the analysis of the 
file by the IS according to the demands of the software which evaluates the data. 

f) For the ES, there is no restriction for inserting ‘Blanks’ or ‘Blank lines’ anywhere in the text to improve the 
overall readability of the file. Correspondingly, the IS should be able to eliminate blanks or blank lines 
within a section of impedance data. 

g) Each text-file should contain one section of data. 

B.3 Definition of special characters or character-sequences and figure-format 

1) ‘Blank’ ASCII(32) 

2) ‘CRLF’ (carriage return & line feed) Sequence of ASCII(13) and ASCII(10) 

3) ‘Blank Line’ ‘CRLF’ or sequence of ‘Blanks’ followed by a ‘CRLF’ 

4) TAB ASCII(9), the ‘tabulator’ 

5) Figure format 1.0e5 = 1.0E5 = 1.0e+5 = 1.0E+5 are allowed; the 
character ‘.’ is the decimalseparator. 105 is not allowed, 
because it contains a text-formatting feature 
(superscript; see below) 

NOTE Only the ‘e’ or ‘E’-characters are allowed to denote 
an exponential figure (i.e. ‘D’ is not allowed). 
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