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INTERNATIONAL STANDARD

ISO 3497:1990(E)

Metallic coatings — Measurement of coating thickness —

X-ray spectrometric methods

1 Scope

1.1 This|International Standard specifies methods
for measyring the thickness of metallic coatings by
the use of X-ray spectrometric methods.

These mgthods permit the simultaneous measure-
ment of spme 3-layer systems.

1.2 The [measuring methods to which this Inter-
national $tandard applies are fundamentally ones
which delermine the mass per unit area. Using a
knowledgp of the density of the coaling material, the
results offmeasurements can also be expressed”as
linear thigdkness of the coating.

1.3 The |practical measurement ranges’ of given
coating materials are largely deterptined by the ac-
ceptable measurement uncertainly,;and may differ
dependim&upon the instrument-system and operat-

ing procedure used. A table of typical ranges for
common materials is giver it annex A.

CAUTION| — Problems{concerning personnel pro-
tection against X-rays{are not covered by this Inter-
national Standard.\For information on this important
aspect, reference-should be made to current ISO and
national publications, and local regulations, where
these exi

2.2 intensity of fluorescent-radiation] The radiation
intensity measured by the instrumenff expressed in
counts (radiation pulses) per second.

2.3 normalized.intensity, /: The ratip of the differ-
ence in intensity obtained from a coated specimen
and an uficeated substrate material, jand the differ-
ence obtained from a material of thickness equal to
or gteater than the saturation thickmess (see 2.4)
and»,an uncoated substrate material | all measured
tinder the same conditions. This is giyen by

[e - [o
75——— /o
where

I, is the intensity obtained frgm the coated
specimen;

is the intensity obtained ffom uncoated
substrate material;

[, is the intensily obtained from a material of
thickness equal to or grefter than the
saturation thickness.

This variable is independent of measurement and
integration time, and intensity of the|exciting (inci-
dent) radiation. The geometric configyration and the

energy of the exciting radiation can|influence the
naormalized count rate

2 Definitions

For the purposes of this International Standard, the
following definitions apply.

2.1 X-ray fluorescence (XRF): The secondary radi-
ation occurring when a high intensity incident X-ray
beam impinges upon a material placed in the path
of the incident beam. The secondary emission has
wavelengths and energies characteristic of that ma-
terial.

2.4 saturation thickness: The thickness that, if ex-
ceeded, will not produce any detectable change in
fluorescent intensity.

NOTE 1 Saturation thickness depends upon the energy
or wavelength of the fluorescent radiation, density and
atomic number of the material and on the angle of inci-
dent and fluorescent radiation with respect to the surface
of the material.

2.5 intermediate coating: Those coatings that lie
belween the top coating and the basis material and
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are of thicknesses less than saturation for each of

the coatings.

NOTE 2

Any coating lying between the top coating and

the basis material (substrate) and having a thickness

above saturation
substrate since th

should itself be considered the true
e material under such a coating will not

affect measurement and can be eliminated for measure-

ment purposes.

2.6 count rate:
corded by the in

The number of radiation pulses re-
strument per unit time (see 2.2).

3.2.2 Generation by a high voltage X-ray tube

Suitable exciting radiation will be produced by an
X-ray tube if sufficient potential is applied to the tube
and stable conditions apply. Applied voltages are in
the order of 25 kV to 50 kV for most thickness re-
quirements but voltages down to 10 kV may be
necessary in order to measure low atomic number
coating materials. The chief advantages of this
method of excitation are the ability to create, by
collimation, a very high intensity beam onto a very
small measurement area, the ease of control for

3 Principle

3.1 Basis of pperation

A relationship ¢xists between mass per unit area of
the coating (ang thus the linear coating thickness if

the density is |

nown) and the secondary radiation

intensity. This relationship, for any practical instru-

ment system, is

first established by calibration using

calibration staTdards having coatings of known

mass per unit a

ea. If the coating material density is

known, such standards can have coatings given in

linear thickness

units, provided that the actual den-

sity value is alsp given.

NOTE 3  The cq

ating material density is the density as

coated, which may or may not be the theoretical density
of the coating mpterial at the time the measurement is

made.

The fluorescent

intensity is a function of the atomic

number of the ¢lements. Providing the top cpating,
intermediate coating (if present) and the _substrate
are of different ¢lements they will generate-radiation
characteristic of each element. A suitable detector

system can be 3
energy bands,

djusted to select eitherone or more
enabling the equipment to measure

either the top cpating or the topyand some interme-

diate coatings s

3.2 Excitation

3.21 General

multaneously)

safety—Teguirements—amd—the—potential
stability of emission obtainable by medefn elec-
tronic methods.

i
[SASARSISI R AR LS

3.2.3 Generation by a radioisotope

Only a few radioisotopes~emit gamma radjation in
the energy band suijtable for coating thickness
measurement.

Ideally, the exciting“radiation is slightly molre ener-
getic (shorterSdn” wavelength) than the |desired
characteristic X-rays. The advantades of
radioisotopegeneration include the possib{lity of a
more cempact construction of the instrument, due
mainlyto there being no need for cooling. Injaddition
thesradiation, unlike that from high voltade X-ray
generators, is essentially monochromatic apd there
is a low background intensity.

The major technical disadvantage is the mug¢h lower
intensily oblainable which prohibits measufements
on small areas when compared with the X-ray tube
method, the shortl half-life of the radioisotopes and
the personnel protection problems associaled with
high intensity radioisotopes (the high voltage X-ray
tube can be simply switched off).

3.3 Dispersion

3.3.1 General

The secondary radiation resulting from the exposure

The measurement of the thickness of coatings by
X-ray spectrometric methods is based on the com-
bined interaction of the coating (or coatings) and

substrate with

an intense, often narrow, beam of

polychromatic or monochromatic X-radiation. This
interaction results in the generation of discrete
wavelengths and energies of secondary radiation
which are characteristic of the elements composing
the coating(s) and substrate.

The generated
voltage X-ray
radioisotopes.

radiation is obtained from a high
tube generator or from suitable

of a coated surface to X-ray radiation often contains
components additional to those required for the
measurement of coating thickness. Separation of the
desired components is done by either wavelength
or energy dispersion.

3.3.2 Wavelength dispersion

The wavelength characteristic of either coating or
substrate is selected using a crystal spectrometer.
Typical characteristic emission data for commonly
used crystals is available in published form from
various national authorities.
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3.3.3 Energy dispersion

X-ray quanta are usually specified in terms of
wavelength or equivalent energies. The relationship
between the wavelength, 4, in nanometres, and en-
ergy I, in kilo-electronvolts, is given by

A-lf=1,2396

3.4 Detection

3.41 The type of detector used for wavelength

ISO 3497:1990(E)

ness up to the saturation thickness. See
figure 1a).

b) Absorption method. If the intensily of the
characteristic radiation from the substrate is
measured, the intensity will decrease with in-
creasing thickness. See figure 1b).

When the X-ray emission method is used, the
equipment is adjusted to receive a selected band of
energies characteristic of the coating material. Thus
thin coatings produce low intensities while thick
coatings produce high intensities

dispersive systems is usually a gas filled tube or
scintillation counter interconnected with a photo-
multiplier.

3.4.2 Thg most suitable detecior for use in energy
dispersivel systems to receive the fluorescent
photons id selected by the instrument designer ac-
cording 1@ the application. In the energy band of
about 1,5|keV to 100 keV, measurements can be
made in rformal atmosphere without helium gas or
vacuum.

Fluorescept radiation of the different characteristic
energies pass into the proportional counter detector
tube and fhen onto a multi-channel analyser which
is adjusted to select the correct energy band (or
bands).

3.5 Thickness measurement

The X-ray absorption method used\thle band of en-
ergies characteristic of the substrate material. Thus
thin coatings result in highainiénsitigs while thick
coatings produce low intetsities. In practice, care
has to be taken to epsufe that no| intermediate
coating is present.

It is possible tp“combine X-ray alsorption and
emission when coating thicknesses gre expressed
as a ratio of{the respective intensities of substrate
and coating,_materials. Measurementg by this ratio
method. are largely independent of th¢ distance be-
tweep test specimen and detector.

Thélabsorption characteristic is similar to the in-
verse of the emission characteristic.

In all methods, the intensity of seconfary radiation
is recorded as pulses, usually taken pver a prese-
lected fixed time period. The normaliged count-rate

There are)

two X-ray methods for measurement of

thickness ps follows.

a) Emissi
teristic

bn method. If the intensity~efthe charac-
radiation from the coafing”is measured,

system is used in many commercially
struments adjusted so that the coun

available in-
-rate charac-

teristic of the uncoated substrate is fero and that
from an infinitely thick sample of the coating ma-

terial is unity. All measurable thick
produce count rates which lie within t

ess therefore
e normalized

the intensity will increase with.increasing thick-

ntensity’of.count rate

count-rate range of 0 to 1. See figure 2.

Intensity of count rate

Coating thickness

a) X-ray emission method

Coating thickness

b) X-ray absorption method

Figure 1 — Relationship between intensity of count rate and coating thickness

W
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In all cases, the best or most sensitive range of

measurement |
0,8 on the norm
measurement

range, it is ad
dards having d

es approximately between 0,3 and
plized count-rate scale. Thus for best
hccuracy over the whole thickness
antageous to use calibration stan-
ount-rate characteristics at 0,3 and

0,8. Other slanrards may be necessary with some

equipment to e
Since the relati
dards increase
sential to es
relationship at
use of standarg
uncertainties.

When measurin
nations that ha
dispersive syst
to uncoated su
very high (10 :
always essentig
ing a similar
substrate mate
ergy band as t

sure precision at other thicknesses.
ve uncertainty of calibration of stan-
5 as thickness decreases, it is es-
ablish the correct mathematical
he thin end of the range by suitable
s having thicker coatings but lower

g coating/substrate malerial combi-
e widely differing energies {(energy
bms), the ratio of saturatedieoating
bstrate count-rate characteristics is
I is typical). In such cases, it is not
| to have calibration ‘'standards hav-
or the same substrate (since the
ial will not radiate in the same en-
he coating material). Where the un-

coated substra

e/infinite _c@ating count-rate ratio is

3:1 (for coatjng/substrale combinations having

similar energi

) it ds\often necessary to use an

Normalized count rate

Figure 2 — Relationship between mass per unit area and normalized count rate

“absorber” sel¢cted to absorb the radiation of one
of the material$,“0sually that of the substrate ma-

! |

|

|

Linear range Log range

5 0 = Count rate from
.2 Hyperbolic saturated (uncof’ated)
5 range substrate material
@
% 1 = Count rate from
3 ‘ saturated (infinite)
= | | coating material

i |

! !

| l

0 0,3 0,8 1

3.7 Alloy compositiou-thickness measyrement

Certain alloys and_compounds, for exampleltin-lead,
can be measuredy'simultaneously for composition
and thickness.<Since the thickness measur¢gment of
an alloy orneompound is dependent uppn alloy
compositiony/it is mandalory either to knoyw or as-
sume the) composition before thickness measure-
ment onto be able to measure composition

NOTE 4 Assumed compositions can introduce|errors in
thickness measurements.

Some coatings can form alloys by interdiffugion with
the substrate. The presence of such alloy layers can
add to the measurement uncertainty.

4 Apparatus

Fluorescent X-ray equipment suitable for me¢asuring
coating thickness in accordance with thi|s Inter-
national Standard is available commercially. Equip-
ment designed specifically for coating thickness
measurement is of the energy dispersive kind and
usually comes with a microprocessor for cgnverting

terial. This absorber is usually placed manually or
automatically between the surface being measured
and the detector.

3.6 Multilayer measurements

It is possible to measure more than one coating
layer provided that the characteristic X-ray emis-
sions of the inner layers are not completely ab-
sorbed by the outer layers. In an energy dispersive
system the multi-channel analyser is set to receive
two or more distinct energy bands characteristic of
two or more materials.

area or
thickness, for storing calibration data, and for com-

1o Y Y 4 N
T Ty 1T aSUTeIITeT I TUTITaS S PJET Ui

puting various statistical measurements. See
figure 3.
NOTE 5 The essential components of an X-ray fluor-

escence coating thickness measuring apparatus include
a primary X-ray source collimator, a support for the test
specimen, a detector and an evaluating system. The
source, collimator and detector are usually in a
geometrically fixed relation with each other. If the atomic
numbers of the coating and substrate materials are very
close, it may be necessary to introduce an absorber which
will absorb the characteristic fluorescent energy of one
of the materials, for example the substrate.
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It may be necessary to introduce special software, elec-

nnnnn fils
tronic filtering or a physical absorber. The use of these

will separate, filter or absorb characteristic fluorescent
energy of one or more of the materials present. The in-
troduction of such devices enables fluorescence from the
materiai being measured to be enhanced, so decreasing
measurements uncertainty.

4.1 Primary X-ray source

This is either an X-ray tube or a suitable radial
isotope. Both shall be capable of exciting the flu-

1ISO 3497:1990(E)

5 Factors that influence the measurement
resuits

5.1 Counting statistics

The production of X-ray quanta is random with re-
spect to time, which means that durlng a fixed time

interval the number of quanta emitted will not al-
ways be the same. This gives rise to the statistical
error which is inherent in all radiation measure-

orescent radiation to be used for measurement.

4.2 Collimator

This takes|the form of a precisely dimensioned ap-
erture or dpertures which, in theory, can be of any
shape. Thg aperture size and shape determines the
incident X-fay beam dimensions at the surface of the
coating bging measured. Current commercial in-
struments [have collimator apertures that are circu-
lar, square or rectangular.

4.3 Deteptor

The detectpr receives the fluorescent radiation from
the measyred specimen and converts this into an
electrical gignal which is passed on for evaluation.
The evalugting unit is set to select one or more enh-
ergy bandp characteristic of the top, intermediate,
and/or sulfstrate materials.

4.4 Evalyating unit

This procdsses the incoming data according to its
software pfogramme and thusdelermines the mass
per unit aea or coating thickness of the test speci-
men.

Test
specimen

X-ray tube

R ——

ments. In consequence, an estimate, |of the count
rate based on a short counting peniof {(e.g. 1s or
2 s) may be appreciably differentfron] an estimate
based on a longer counting péried, parficularly if the
count rate is low. This errar-is indeperndent of other
sources of error, such asy/those arisipg from mis-
takes on the part of tifeyoperator or irgm the use of
inaccurate standards~To reduce the stptistical error
to an acceptableklevel, it is necessary to use a
counting intervalhlong enough to accurulate a suffi-
cient number&f counts. When an energy dispersive
system iscused, it should be recognizgd that a sig-
nificantsportion of the intended counting period may
be consumed as dead time, i.e. time [during which
the @ount-rate capacity of the system|is exceeded.
Itis' possible to correct for dead time [osses by fol-
lowing the manufacturer’s instructionsg for his par-
ticular instrumentation.

5.1.2 The standard deviation, s, of th{s random er-
ror closely approximates the square rqgot of the total
count; that is

Y

where N is the count in a given time.

95 % of all measurements lie within

l./': 1 J

Absorber 2! "
\ " il
|

3

——)c—= Collimator

@ Detector

Radioisotope
and collimator

N Absorber
Detector :;"5:: Collimator Test Test
"::' specimen specimen
[ ] ]
X-ray tube
a) X-ray tube b) X-raytube c) Radioisotope as primary X-ray source

Figure 3 — Schematic representations of energy dispersive systems with their assential major components
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5.1.3 The standard deviation of the thickness
measurement is not the same as the standard devi-
ation of the count rate but is related to it by a func-
tion that is dependent upon the slope of the
calibration curve at the point of measurement. Most
commercially available XRF thickness instruments
display the standard deviation in micrometres or as
a percentage of mean thickness.

5.2 Calibration standards

5.5 Coating composition

Mass/unit area measurements may be affected by
the presence of foreign materials such as inclusions,
co-deposited material or alloy layers formed by dif-
fusion at the coating/substrate interface. Thickness
measurements are, in addition, affected by voids
and porosity. Some sources of error can be elimi-
nated by the use of representative calibration stan-
dards, i.e. standards produced under the same
conditions and having representative X-ray charac-
teristics. Since inclusions, pores or voids can create

Thickness stanidards for calibration measurement

are available.
guaranteed to §
specific cases),
for thin coating

However, such standards are not
etter than 5 % (this value is lower in
it is more difficult to maintain 5 %
s, for example, due to roughness,

porosity and diffusion. The calibration thickness
standard can oply be used if it provides a normal-

ized count rate

between 0,05 and 0,9.

5.3 Coating thickness

The measurement uncertainty will be affected by the
thickness range being measured. In the curves
shown in figurq 2, the accuracy will be best in the
portion of the durve from about 30 % to 80 % satu-
ration. The acquracy for a given measuring time
rapidly decreades outside this range. The situation
is similar for the absorption curve. The limiting
thicknesses arg, in general, different for each ceat:
ing material.

5.4 Size of njeasuring area

To obtain satisfactory counting statistics (see 5.1), in
a reasonably short counting\/period, select the
collimator aperfure to prowvide the largest possible
measuring ared consisteént 'with the size and shape
of the specimer). In mostcases, the relevant or rep-
resentative arep to be measured shall be larger
than the collimdteéd,beam area (the collimated beam

a diflerent density, coatings with such impeffections
are best measured in mass per unit area| units. If
known, the actual coating density value'can|often be
introduced into the measuring equipment inlorder to
enable a correction to be made (see 5.6).

5.6 Coating density

If the density of the caating differs from thpt of the
calibration standard there will be a corregponding
error in the thickness measurement. When [the den-
sity of the coatihg material is known, the thickness
can be obtained (see 3.1).

If the instrument measurement is in units [of mass
per unilarea, the linear thickness is obtaingd by di-
vidiag this measurement by the coating density:

PA
d= b x 10

If the measurement is in linear units, a density cor-
rection may be applied as in the following dquation:

d is the linear thickness, in micromefres:

d, is the linear thickness readout, i micro-
metres;

py is the density of the coating materijal of the
calibration standards, in grams pgr cubic
centimetre;

area at the meastred—surfaceisnot rrecessarity-the
same as the collimator aperture dimensions). How-
ever, in some special cases, the area to be meas-
ured may be smaller than the beam area (see
5.11).

Caution may also be necessary if the measuring
area produces a count rate that saturates or ex-
ceeds the capacity of the detector (some commer-
cial instruments may limit this count rate
automatically but this should be verified with the
relevant manufacturer).

The calibration must then be carried out on an area
of the same dimension.

p, is the density of the coating material of the
test specimen, in grams per cubic centi-
metre;

p,4 is the mass per unit area of coating of the
test specimen, in milligrams per square
centimetre.

5.7 Substrate composition

If the emission method is used, the effect of differ-
ences in the substrate composition is negligible
provided that
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a) fluorescent X-rays from the substrate do not
encroach into the energy band selected for the
characteristic coating energy (if encroachment
does occur, special procedures are needed to
eliminate their effect);

b) fluorescent X-rays from the substrate material
are incapable of exciting the coating material;

c) the intensity ratio method is used (see 3.5).

If the absorption method is used, it is essential that
the composition of the substrate of the calibration

ISO 3497:1990(E)

collimator aperture larger than the test specimen
can sometimes be used.

5.12 Excitation energy and excitation intensity

Since fluorescent radiation intensity depends upon
both excitation energy and intensity, it is essential
that the apparatus used is stable enough to provide
identical excitation characteristics both in cali-
bration and measurement.

or refereng¢e standard(s) is identical with that of the
substrate ¢f the test specimen.

5.8 Subsgtrate thickness

For measurements by the X-ray emission method, it
is necessary for the substrate of double-sided ma-
terial to He thick enough to prevent interference
from any underlying material.

For use ¢f the X-ray absorption method, it is
necessary ffor the substrate to be equal to or greater
than its sqturation thickness. If this criterion is not
met, it is ¢ssential to calibrate the apparatus with
reference g$tandards of identical substrate thickness
(see 6.3).

5.9 Surface cleanliness

Foreign material present on the surface can lead-to
inaccurate [measurements. Protective coatings,-8ur-
face treatments or lacquers can also lead\tg inac-
curacies.

510 Intefmediate coatings

The absorption method cannotbe used in the pres-
ence of intermediate coatings,*the absorption prop-
erties of which are not Known. In such a case, the
emission njethod is adyviséd.

5.11 Spefimen_curvature

If it is necessary to make measurements on curved

2.13 Detector

Errors in measurement can be‘introfguced due to
erratic or unstable operation,of the defector system.
Before use, check the appatatus for stpbility.

Stability checks are either
a) automatically applied by some instfuments; or

b) manually dpplied by the operator.

In both cases] a single reference or sample piece is
placed iasthe X-ray beam and is not oved during
the check. A series of single count-rate measure-
ments is made over a short period of [time and the
standard deviation of this series should not be sig-
nificantly greater than the square root| of the mean
of the series. To establish stability gver a longer
period of time, the above results are compared with
those previously obtained (or stored [n the instru-
ment in automatic checking) at some other time. The
time taken for a single measurement [series or re-
quired between two separate series Wwill establish
stability for that time period.

5.14 Radiation path

Keep the radiation path as short as pq
losses can increase measurement un|
ements having atomic numbers below
diate sufficiently strongly for the type
shown in figure 3. It is therefore nece
vacuum or helium spectrometers if |

ssible, since
certainty. El-
20 do not ra-
of apparatus
ssary to use
ower atomic

number materials are to be measured.

surfaces, select the collimator or beam confining
aperture to minimize the effects of the surface cur-
vature. Surface curvature effects are minimized by
the use of an aperture of small dimension compared
to the radius of curvature of the surface under test.

NOTE 6 The use of rectangular apertures may be ad-
vantageous in measuring cylindrical surfaces.

If calibration is made with calibration standards of
the same size and shape as the test specimen, sur-
face curvature effects are eliminated, but make the
measurement in the same position and plane and
on the same measuring area. In such cases, a

5.15 Conversion of count rate to mass per
unit area or thickness

Modern commercial apparatus use microprocessors
for the conversion of count rate to mass per unit
area or thickness. The microprocessor usually has
a mathematically derived master programme which
is modified to local requirements using calibration
or reference standards. The reliability of the con-
version depends on the validity of the calibration
curve, equation, algorithm, or on whatever other
conversion method is used. It also depends on the
quality of the calibration standards and the number
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and thicknesses of the calibration points relative to
the thicknesses being measured.

When one coating layer causes additional fluor-
escence of another layer, it is essential for the con-
version method to take this into account.

Extrapolation beyond the thickness range estab-
lished by calibration standards can result in serious
errors.

5.16 Tilt of specimen surface

standard having a coating near to the top end of the
logarithmic thickness range.

6.1.4 Entire measurable range

To measure from zero into the hyperbolic range, it
will probably be necessary to use additional coated
standards to more closely define the extremities of
the thickness range.

Some instruments that are calibrated for these ad-
ditional coated standards are capable of interpo-

If the tilt of the|test surface with respect to the X-ray
beam differs frbm that used during calibration, there
may be a significant change in the count rate. For
example a 109 difference in tilt may cause a 4 %
change in the g¢ount rate.

6 Calibration of instrument

6.1 Introduction

6.1.1 General

Make the calib

ration in accordance with the instru-

ment manufaclurer’s instructions. Give appropriate

attention to the
requirements d@

The instrumen
substrate syste
unit area to bg

factors listed in clause 5 and to the
f clause 8.

shall be calibrated for the coating-
m and the thicknesses or masses per
measured. The calibration shall"be

checked at least once each day that the measure-

ments are ma
bration standa
measured thick

He, by remeasuring one of._the cali-

rds. If there is a change" of the
ness that is great enough to preclude

meeting the requirements of clausg™8; recalibrate
the instrument,

6.1.2 Linear range calibration

For measurements on Yery thin coatings in the lin-
ear range, i.e. for coatings that produce normalized
count rates below40,38 (30 % of full scale), it is ad-
visable to make-~a calibration using an uncoated

tatton—between——zero—vatoe——amd—the—minimum
thickness standard. Extrapolation beyondfthe high-
est standard is not recommended because |t is likely
to yield unreliable results (see also 5\2).

6.2 Standards

6.2.1 General

Use reliable referenice standards to calillirate the
apparatus. Finalmeasurement uncertainty is di-
rectly dependentson the measurement uncertainty
of the calibration standards and the measurement
precision.

Reference standards shall have uniform cqatings of
known“mass per unit area or thickness and, in the
case of alloys, of known composition. The¢ coating
anywhere on the available or defined surfdce of the
reference standard shall not deviate from the speci-
fied value by more than 4+ 5 %. Standards Which are
specified in thickness units (as opposed to mass per
unit area) will be reliable, provided that [they are
used for coatings of the same composition and the
same or known density. For the measurement of the
composition of an alloy, the composition of the cali-
bration standards need not be the same, put shall
be known.

6.2.2 Foils

If standards take the form of foils laid down onto a
particular substrate surface, it is essential|to exer-
cise care to ensure that the contacting surffaces are
clean and without folds or kinks. Any densfty differ-
ences shall be compensated or allowed fpr in the

sample of the substrate material and a single coat-
ing standard of known thickness within the linear
range. It is necessary for the user to ascertain that
the thickness being measured and that of the cali-
bration standard are within the linear range.

6.1.3 Logarithmic range calibration

For measurements within this range it is necessary,
in most cases, to use a set of at least four standards:
one sample of uncoated substrate, one sample of
the coating material of at least saturation thickness,
one coated standard at or very near to the lower end
of the logarithmic range of thickness and one coated

final measurement.

6.3 Selection of standards

Calibrate the instrument in either mass per unit area
or thickness units; in the latter case, the thickness
values shall be accompanied by the density of the
coating material, or by the assumed density if the
thickness of the standard was calculated from a
mass per unit area measurement. The standard
shall have the same coating and substrate (see 5.7
and 5.8) materials as the test specimen, although
some apparatus designs allow some deviation from
this ideal (see 3.1).
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6.4 X-ray emission characteristics of
standards

The coating of the calibration standards shall have
the same X-ray emission (or absorption) properties
as the coating being measured (see 5.6).

6.5 Substrate X-ray emission characteristics
of thickness standards

If the thickness is to be determined by the X-ray ab-
sorption method, the substrate of the thickness

1SO 3497:1990(E)

valid for a flat test surface can be used. If this is not
the case, it is essential to take into account the ob-
servations of 5.4 and 5.11.

7.4 Calibration (see clause 6)
Check the calibration data at regular intervals in or-
der to be sure that the instrument and measurement
conditions have not changed. Since different instru-
ment designs have different requirements, adhere
to the manufacturer’s instructions.

standards [ shall have the same X-ray emission
propetties|as those of the test specimen. This shall
be verified by comparing the intensities of the se-
lected chafacteristic radiations of both the uncoated
substrate ¢f the test specimen and that of the cali-
bration refgrence standard.

6.6 Subdtrate thickness

In the X-ray absorption method, the substrate thick-
ness of the test specimen and the calibration stan-
dards shall be the same unless the saturation
thickness (defined in 2.4) is exceeded.

If the curvature of the coating to be measured pre-
cludes calipration of a flat surface, it is essential ei-
ther
a) to obsefve the precaution given in 5.11; or

b) to caliljrate using standards having the. game
curvature as the test specimen.

7 Procedure

7.1 Gengral

Operate the instrumentsin-accordance with the
manufactufer’s instructions and give appropriate
attention t@ the factors’listed in clause 5 and to the
accuracy requirements of 6.2 and clause 8.

7.2 Selec¢tion and calibration of the collimator

7.5 Measurement time

As final measurement uncertainty depends upon
measurement time, select a-measurement time suf-
ficient to produce an acceptably small measurement
uncertainty.

7.6 Number ofuméasurements

As measuremiént uncertainty will be plartially deter-
mined by the/ number of measuremepts made, an
increase, ih the number of measurenjents will de-
crease 'measurement uncertainty. If the number of
measurements is increased by n, the measurement
unctertainty will be reduced by a factor|of 1/\/; .

The standard deviation shall be calculated from at
least 10 measurements made by rglocating the
same measurement area over or undelr the incident
X-ray beam after each measurement.

7.7 Precautions

See 1.3.

7.8 Expression of results

The conversion of the intensity (coun{ rate) values
to mass per unit area or thickness ynits is made
automatically by many commercially [available in-
struments. For other instruments, conjstruct curves
similar to those of figure 1 using suitaljle calibration
standards. Express results of mass pger unit area
measurements in milligrams per squafe centimetre

or aperture

Select the aperture or collimator in accordance with
the shape and size of the available test area on the
test specimen. Ensure that the distance between the
collimator aperture opening and test specimen re-
mains constant during the measurement.

7.3 Measurement of curved surfaces

It is possible to make measurements on curved
surfaces, provided a sufficiently small collimator
aperture is selected such that a characteristic curve

and those of (hickness n_micrometres, unless oth-
erwise agreed.

8 Measurement uncertainty

The instrument, its calibration and its operation,
shall be such that the uncertainty of the measure-
ment is less than 10 %.

To reduce the measurement uncertainty, increase
measurement time, number of measurements made
and/or the collimator/aperture size (up to the point
where the detector becomes saturated).
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9 Test report f) the collimalor aperture size and the measured
area size, if different;
The test report shall include the following infor-
mation: g) the measured values;
a) a reference to this International Standard: h) the density used for thickness calculation and
justification for the value used;
b) unambiguous identification of the test specimen; . o o )
i) a standard deviation which is representative of
c) date of measurement: the reported measurements (see 7.6);
d) the location of the measurement on the test j) any deviations from this ISO test method;
specimen; ] i _ .
k) any factors that might influence interprgtation of
e) the number|of measurements averaged for each the reported results:

10

reported mgasurement;

the name of the operator angdythat of thie testing
laboratory.
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