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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.
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Metallic coatings on non-metallic basis materials —
Measurement of coating thickness — Micro-resistivity
method

1 Scope

This

coatings on non-conductive base materials. This method is based on the principle of the.she¢

meag
matg

application. However, this document focuses on metallic coatings on non-cofductive ba

(e.g.

This
matg
case

2

Ther]

Normative references

Terms and definitions

document specifies a method for non-destructive measurements of the thickness'g

urement and is applicable to any conductive coatings and layers of metal and s

F conductive
bt resistivity
iconductor

e
rials. In general, the probe has to be adjusted to the conductivity and the thickness oftlﬁ respective

Copper on plastic substrates, printed circuit boards).

method is also applicable to thickness measurements of conductive €oatings on con
rials, if the resistivity of the coating and the base material is significantly different. H
is not considered in this document.

e are no normative references in this document.

rms and definitions are listed in this deeument.
nd IEC maintain terminological databases for use in standardization at the following g

SO Online browsing platforms available at https://www.iso.org/obp

EC Electropedia: available-at http://www.electropedia.org/

The pheet resistiVity method uses the so-called “four-point probe” as shown in Figure
four spring-loadéd metal tips are placed in contact with the surface of the conductive coa
distgnces bgtween the outer and inner tips, S; and S5, are equal. Usually, a constant currd
thronigh the*two outer contacts (labelled as 1). The introduced current penetrates the
matdrjal ‘of the coating with the resistivity p. The resulting voltage drop is measured acr

easurementprinciple

be materials

uctive base
wever, this

ddresses:

1. A row of
ring. The tip
nt is passed

conductive
oss the two

innetcontacts (]ahn"nr‘ as 7)

In general, the flow of the introduced current is non-uniformly distributed over the cross-section of the
coating and is not parallel to the coating (see Figure 2). The current density decreases with increasing
distance from the direct line between the outer contacts labelled as 1 (with depth and width). If the
current is effectively limited by the thickness of the coating, the voltage drop between the inner
contacts labelled as 2 is a measure of the thickness.
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Figure 1= Schematic representation of the sheet resistivity method
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4  npon-conductive base material
t  doating thickness

Figure 2 — Schematic representation ofithe non-uniformly distributed current within|the coating

The measured voltage drop depends on the resistivity of the metallic coating, on the prolpe geometry
(distpnce of the four probe contacts S;, S5, S3), the applied current and the thickness of the coating. If
the resistivity of the coating.can'be expected to be homogenous and the thickness is sufficiently small,
the measured voltage drop‘is determined only by the unknown thickness and the applied current.
In ggneral, there is no simple and practical equation to calculate the thickness as a function of the
matdrial resistivity, the-probe geometry and the measured voltage and current. Howevgr, there are
somg¢ well-known approximations for practical use in certain cases. Particularly in the casg of equal tip
distgnces (S; = $,°=°55 = S) and for a thickness to probe spacing ratio t/S < 0,5, the coating thiickness, ¢, in
micrpmetres,cah be calculated using Formula (1), when ¢t/S < 0,5:

)

p  istheresistivity of the coating, in p)-m;
IV is the potential difference across the inner probe tips, in volts;
I isthe current passed through the outer probe tips, in amperes;

S isthe equal probe tip spacing (§=S5; =S, = S3).

© IS0 2020 - All rights reserved 3
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Usually the supplied current I is held constant. Therefore, the coating thickness is inversely proportional
to the measured voltage:

where Cis a

constant 0,221 pl.

(2)

Formula (2) is the basis for many applications in the above case. In general, suitable correction functions
for Formula (2) are necessary if the prerequisite of a ratio ¢t/S < 0,5 or an equal probe tip spacing is not

satisfied.

Because thg
coating doej
wider the pi1
the measur
geometry (t
range of th
increasing t

The applicaf
to be const
starts to ind

Typical values of this critical thickness are in the range of approximately 10 nm to 300 nm for m

For measur
correction f

Because the
current flow
has to be w
sample wid{
the value of

5 Facton

5.1 Rang

The measu
conductivity

Usually the
thickness rg

5.2 Coati

b introduced current decreases with increasing penetration depth, a sufficiently
not limit the current and the coating appears to be of infinite thickness to this method
obe spacing the deeper the current penetrates into the conductive material. Consequy{
ement range is determined by the probe spacing for a given coating matetial. The g
p spacing) has to be adjusted with respect to the conductivity and the expected thick
e application of interest. Furthermore, the sensitivity of this methed decreases
hickness.

ion of Formula (2) is also limited by very thin coatings becauseé«the resistivity is exp4
hnt and not a function of the thickness. However, for very thin coatings, the resist
rease and below a critical thickness this increase of the reSistivity is strongly pronou

ements in this range and below this critical thickness;*a special calibration or addit]
inctions are necessary.

introduced current decreases with increasing distance from the contacts of the probs
 is not affected by a sample width wider tha-a critical width. Therefore, the sample y
der than this critical width. Otherwise, the’measured thickness becomes a function d
h and the sample width has to be considered in addition. The probe spacing also detern
the critical width for a given coating-material.

s affecting measurement uncertainty

e of measurement

Fable thickness range is determined by the probe geometry (tip distance) and
' of the coating~The probe geometry has to be adjusted to the thickness range of interg

manufacturér provides the uncertainty of the respective probe for the recomme
nge.

ng resistivity
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Measurements will be affected by the resistivity of the coating if the resistivity of the coating differs
from the resistivity of the calibration standard(s) used to calibrate the instrument. A 5 % difference in
resistivity will result in a 5 % error unless this difference is accounted for in the calibration procedure.

Furthermore, a homogenous resistivity throughout the coating is expected for this method. The
measurement will be affected by a resistivity variation of the coating. This can be caused by composition
variation of the coating, by coating defects (e.g. cracks, porosity, voids, inclusions) or by a surface
preparation or contamination.

5.3 Width of the sample

Below a critical width, determined by probe design (tip spacing) and to a lesser degree on the electrical
conductivity of the metallic coating, the coating thickness measurement becomes dependent upon

© IS0 2020 - All rights reserved
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the width of the electrical current path (e.g. conductive track width of printed circuit boards). The
instrument shall therefore be calibrated using calibration standards of the width to be measured or
appropriate correction functions shall be used.

NOTE1 An exact positioning of the probe in the middle of the sample (e.g. conductive track) and parallel to its
direction is necessary to avoid measurement errors. Usually special probe positioning systems or probe guides
are provided by the manufacturers.

NOTE 2  If the critical path width is not known, or for some reason is unobtainable, it can be obtained using a
number of reference standards having the same thickness (made from the same piece of uniform material), but of
different known widths (see Annex A).

5.4 | Curvature

Sharp or small radii of curvature will greatly affect the thickness measurement. This'effect is minimized
if the probe is placed on the surface so that its axis is parallel to that of the curvedisurface. Alternatively,
calibt:ation standards of the same curvature can be used. The influence decreases with incfeasing radii
of cufrvature.

5.5 | Surface roughness

Meagurements are affected by surface topography of the metallic coating. Rough surfacgs can cause
thiclness measurement errors. In such cases, it is strongly‘recommended to perform|a sufficient
number of measurements at different locations on the sample and using the mean together with the
stanglard deviation as a representative thickness value of the coating.

5.6 | Temperature

A temperature change between calibration and measurement causes errors of th¢ measured
thickness because the resistivity of the coating varies with temperature. This temperatufre influence
is important especially if the resistivity. temperature coefficient of the coating material |is high (e.g.
Cu: o = 0,003 9 K1). Therefore, the temperature of the sample should be measured and the thickness
should be corrected with respect td_temperature. Some manufacturers provide instrunjents with a
temperature sensor and an automatic temperature correction for this purpose.

5.7 | Probe contact pressure

The pressure with whichthe probe contacts are applied to the test specimen can affect thg instrument
readings. The applied-pressure should therefore be made constant and as low as possible fo minimize
sample damage butstill steady to ensure a good repeatability (reliable contact to the coatiing). This is
achigved in practice by using a constant pressure probe having tips supported by adapted §prings. The
shape of the tips'can be sharpened or rounded with respect to the coating material to achigve a reliable
contact.

The ¢urpent through the two outer tips should be applied only if the contact of the tips is eqtablished in
orderto avoid possible damages of the surface.

6 Calibration of instruments

6.1 General

Before use, each instrument shall be calibrated in accordance with the manufacturer’s instructions,
using suitable calibration standards. Appropriate attention shall be given to the factors listed in
Clause 5 and to the procedures of Clause 7.

© IS0 2020 - All rights reserved 5
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6.2 Calibration standards

Calibration standards of known coating thickness, uniform and homogenous coating resistivity and
sufficient width (above the critical width) shall be used.

At least two or more calibration standards having different but known thicknesses appropriately
distributed over the thickness range of interest shall be used for instrument calibration. Two
calibration standards are the minimum if a tight linear calibration function between the thickness and
the reciprocal value of the measured voltage drop can be used [see Formula (2)]. However, usually more
than two calibration standards are recommended to reduce the uncertainty of the calibration function
of the instrument.

The temperature shall be taken into account.

For calibratjon with calibration standards below the critical width, consider 5.3, NOTE 2 anid Anngx A.

6.3 Verification

The electricpl properties of the coating material being measured shall be similarto those of the copting
of the standards. If the thickness being measured by this method is differentfrom that measured by
another ind¢pendent method, the electrical properties can be expected to bé.different.

Whether or|not the conductor width being measured is above or below: the critical width is verified
by taking mieasurements on progressively narrower conductor widths produced by systematically
removing material from that conductor (see also Annex A).

7 Procedure

7.1 Genefal

Operate ea¢h instrument in accordance with~the manufacturer's instructions, giving appropriate
attention to|the factors listed in Clause 5.

To ensure proper instrument performance, verify the calibration of the instrument at the| test
site each tine the instrument is putTinto service and at sufficient intervals during use (respective
recommendptions of the manufacturer should be taken into account).

Observe the|precautions givenin,7.2 to 7.5.

7.2 Width of the sample

If the width of thefsample (e.g. conductive track) is less than the critical width, ensure thaf the
instrument has been calibrated using standards of similar width to the material to be measured ofr use
appropriate|correction functions to consider the path width.

7.3 Curvature

If curved surfaces are to be measured, ensure that either such a curved surface has no effect on
measurement, or use calibration standards of similar curvature.

7.4 Number of measurements

It is advisable to always take several measurements at each location of the sample and to use the
calculated mean value of these measurements. Both the repeatability of the instrument and the
uniformity (or lack of it) of the material can be calculated from the measurement data. The required
minimum number of measurements depends on the quality of the coating (e.g. homogeneity of thickness
and resistivity, surface roughness) and also on the repeatability of the instrument at the thickness

6 © IS0 2020 - All rights reserved
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of interest (instrument repeatability decreases with increasing thickness for a given quality of the
coating).

7.5 Surface cleanliness

Before making measurements, remove any foreign matter such as dirt, grease and corrosion products
from the surface to be measured, taking care not to remove any coating material.

8 Accuracy requirements

preppration shall be such that the coating thickness can be determlned to the possible
given by the manufacturer of the instrument. Modern 4-point-probe systems are capable
an agcuracy of approximately 1 % to 2 % of the measured thickness value within the re
thickness range. In each case, it is advisable to take the mean of multiple measikements t
unceftainty of the measurement.

The test report shall include the following information:

d)

f)

g)
h)

estreport

1l information necessary for identification of the samplée‘tested;

reference to this document, i.e. ISO 14571;

etails of the test procedure, including:
1) thearea, in square centimetres, over which the measurements were made;
2) thelocation(s) of the test area(s) onreach specimen;
3) the number of test specimens.measured;

4) an identification of the instrument, its probe, and standards used for the test
reference to the validation certification of the equipment;

tthe name of the operator-and the testing laboratory;

the results of the“test expressed as t, in micrometers, including number of measur
fesults of the individual determinations and the mean for each reported measurement

gny deviatigns from the procedure specified;
dny unusual features (anomalies) observed during the test;

anycircumstances or conditions thought likely to affect the results or their validity;

H the sample
uncertainty
b to provide
commended
b reduce the

s, including

ements, the

the date of the test.
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