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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 normatly carried out through ISO 
technical committees. Esch member body interested in a subject for 
which a technical comrnittee has been established has the right to be 
represented on that committee. International organizations, govern- 
mental 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. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an Inter- 
national Standard requires approval by at least 75 % of the member 
bodies casting a vote. 

International Standard ISO 3497 was prepared by Technical Committee 
ISO/TC 107, Mefalfic and ofher inorganic coatings. 

This second edition cancels and replaces the first edition 
(ISO 3497:1976), which has been technically revised. 

Annex A forms an integral par-t of this International Standard. 
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INTERNATIONAL STANDARD ISO 34973 990(E) 

Metallic coatings - Measurement of coating thickness - 
X-ray spectrometric methods 

1 Scope 

1 .l This International Standard specifies methods 
for measuring the thickness of metallic coatings by 
the use of X-ray spectrometric methods. 

These methods permit the simultaneous measure- 
ment of some 3-layer Systems. 

1.2 The measuring methods to which this lnter- 
national Standard applies are fundamentally ones 
which determine the mass per unit area. Using a 
knowledge of the density of the coating material, the 
results of measurements tan also be expressed as 
linear thickness of the coating. 

1.3 The practical measurement ranges of given 
coating materials are Iargely determined by the ac- 
ceptable measurement uncertainty and may differ 
depending upon the instrument System and operat- 
ing procedure used. A table of typical ranges for 
common materials is given in annex A. 

CAUTION - Problems concerning Personne1 pro- 
tection against X-rays are not covered by this Inter- 
national Standard. For information an this important 
aspect, reference should be made to current ISO and 
national publications, and local regulations, where 
these exist. 

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. 

2.2 intensity of fluorescent radiation: The radiation 
intensity measured by the instrument, expressed in 
counts (radiation pulses) per second. 

2.3 normalized intensity, 1,: The ratio of the differ- 
ence in intensity obtained from a coated specimen 
and an uncoated Substrate material, and the differ- 
ence obtained from a material of thickness equal to 
or greater than the saturation thickness (see 2.4) 
and an uncoated Substrate material, all measured 
under the Same conditions. This is given by 

where 

/ e is the intensity obtained from the coated 
specimen; 

L is the intensity obtained from uncoated 
Substrate material: 

1 S is the intensity obtained from a material of 
thickness equal to or greater than the 
Saturation thickness. 

This variable is independent of measurement and 
integration time, and intensity of the exciting (inci- 
dent) radiation. The geometric configuration and the 
energy of the exciting radiation tan influence the 
normalized count rate. 

2.4 Saturation thickness: The thickness that, if ex- 
ceeded, will not produce any detectable Change in 
tluorescent intensity. 

NOTE 1 Saturation thickness depends upon the energl 
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. 

25 intermediate coating: These coatings that lie 
between the top coating and the basis material and 

1 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO 3497:1990
https://standards.iteh.ai/catalog/standards/sist/c1b1bab6-db5a-4719-a399-

6a86c23607dd/iso-3497-1990



ISO 3497:199O(E) 

are of thickn 
the coatings. 

esses iess than Saturation for each of 

NOTE 2 Any coating lying between the top coating and 
the basis material (Substrate) and having a thickness 
above Saturation should itself be considered the true 
Substrate since the material under such a coating will not 
affect measurement and tan be eliminated for measure- 
ment purposes. 

2.6 count rate: The num ber of radiation pulses 
cord ed by he in strument per unit time (see 2.2). 

3 Principle 

3.1 Basis of Operation 

re- 

A relationship exists between mass per unit area of 
the coating (and thus the linear coating thickness if 
the density is known) and the secondary radiation 
intensity. This relationship, for any practical instru- 
ment System, is first established by calibration using 
calibration Standards having coatings of known 
mass per unit area. If the coating material density is 
known, such Standards tan have coatings given in 
linear thickness units, provided that the actual den- 
sity value is also given. 

NOTE 3 The coating material density is the density as 
coated, which may or may not be the theoretical density 
of the coating material at the time the measurement is 
made. 

The fluorescent intensity is a function of the atomic 
number of the elements. Providing the top coating, 
intermediate coating (if present) and the Substrate 
are of different elements they will generate radiation 
characteristic of each element- A suitable detector 
System tan be adjusted to select either one or more 
energy bands, enabling the equipment to measure 
either the top coating or the top and some interme- 
diate coatings simultaneously. 

3.2 Excitation 

3.2.1 General 

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 
waveiengths and energies of secondary radiation 
which are characteristic of the elements composing 
the coating(s) and Substrate. 

The generated radiation is obtained from a high 
voltage X-ray tube generator or from suitable 
radioisotopes. 

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 
Personne1 safety requirements and the potential 
stability of emission obtainable by modern elec- 
tronic methods. 

3.2.3 Generation by a radioisotope 

Only a few radioisotopes emit gamma radiation in 
the energy band suitable for‘ coatinq thickness \ 
measurement. 

Ideally, the exciting radiation is slightly more ener- 
getic (shot-ter in wavelcngth) than the desired 
characteristic X-rays. The advantages of 
radioisotope generation include the possibility of a 
more compact construction of the inslrument, due 
mainly to there being no need for cooling. In addition 
the radiation, unlike that from high voltaye X-ray 
generators, is essentiatly monochromatic and there 
is a low background intensity. 

The major technical disadvantage is the much lower 
intensity obtainable which prohibits measur-ements 
on small areas when compared with the X-ray tube 
method, the short half-life of the radioisotopes and 
the Personne1 protection Problems associated with 
high intensity radioisotopes (the high voltage X-ray 
tube tan be simply switched Off). 

3.3 Dispersion 

3.3.1 General 

The secondary radiation resulting from the exposure 
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 wavelenqth \ 
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, /2, in nanometres, and en- 
ergy E, in kilo-electronvolts, is given by 

2-E = 1,2396 

3.4 Detection 

3.4.1 The type of detector used for wavelength 
dispersive Systems is usually a gas filled tube or 
scintillation counter interconnected with a photo- 
multiplier. 

3.4.2 The most suitable detector for use in energy 
dispersive Systems to receive the fluorescent 
photons is selected by the instrument designer ac- 
cording to the application. In the energy band of 
about 1,5 keV to 100 keV, measurements tan be 
made in normal atmosphere without helium gas or 
vacuum. 

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

3.5 Thickness measurement 

There are two X-ray methods for measurement of 
thickness as follows. 

a) Emission method. If the intensity of the charac- 
teristic radiation from the coating is measured, 
the intensity will increase with increasing thick- 

ISO 3497:199O(E) 

ness up to the Saturation thickness. See 
figure Ia). 

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

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. 

The X-ray absorption method uses the band of en- 
ergies characteristic of the Substrate material. Thus 
thin coatings result in high intensities while thick 
coatings produce low intensities. In practice, care 
has to he taken to ensure that no intermediate 
coating is present. 

lt is possible to cornbine X-ray absorption and 
emission when coating thicknesses are expressed 
as a ratio of the respective intensities of Substrate 
and coating materials. Measurements by this ratio 
method are Iargely independent of the distance be- 
tween test specimen and detector. 

The 
Vers 

abs orpt ion chara C teristi c is similar to the in- 
e of the emi ssion C harac teristic. 

In all methods, the intensity of secondary radiation 
is recorded as pulses, usually taken over a prese- 
lected fixed time period. The normalized count-rate 
System is used in many commercially available in- 
struments adjusted so that the count-rate chat-ac- 
teristic of the uncoated Substrate is Zero and that 
from an infinitely thick Sample of the coatinq ma- 
terial is unity. All measurable thickness theiefore 
produce count rates which lie within the not-malized 
count-rate range of 0 to 1. See figure 2. 

Coating thickness 

X-ray emission method 

a 
L t 
z ö > .- 
: t - 

Coating thickness 

b) X-ray absorption method 

Figure 1 - Relationship between intensity of count rate and coatinq thickness . 
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0 = Count rate from 
saturated (uncoated) 
Substrate material 

1 = Count rate from 
saturated (infinite) 
coating material 

0 03 I 08 I 1 
Normalized count rate 

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

In all cases, the best or most sensitive range of 
measurement lies approximateiy between 0,3 and 
0,8 on the normalized count-rate scale. Thus for best 
measurement accuracy over the whole thickness 
range, it is advantageous to use calibration stan- 
dards having count-rate characteristics at 0,3 and 
0,8. Other Standards may be necessary with some 
equipment to ensure precision at other thicknesses. 
Since the relative uncertainty of calibration of stan- 
dards increases as thickness decreases, it is es- 
sential to establish the correct mathematical 
relationship at the thin end of the range by suitable 
use of Standards having thicker coatings but lower 
uncertainties. 

When measuring coating/substrate material combi- 
nations that have widely differing energies (energy 
dispersive Systems), the ratio of saturated coating 
to uncoated Substrate count-rate characteristics is 
very high (IO : 1 is typical). In such cases, it is not 
always essential to have calibration Standards hav- 
ing a similar or the Same Substrate (since the 
Substrate material will not radiate in the Same en- 
ergy band as the coating material). Where the un- 
coated substrate/infinite coating count-rate ratio is 
3 : 1 (for coating/substrate combinations having 
similar energies) it is often necessary to use an 
“absorber” selected to absorb the radiation of one 
of the materials, usually that of the Substrate ma- 
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. 

3.7 Alloy composition thickness measurement 

Certain alloys and compounds, for example tin-lead, 
tan be measured simultaneously for cotnposition 
and thickness. Since the thickness measurement of 
an alloy or compound is dependent upon alloy 
cotnposition, it is mandatory either to know or as- 
sume the composition before thickness measure- 
ment or to be able to measure composition. 

NOTE 4 Assumed composi Gons tan introduce errors in 
thickness measurements. 

Some coatings tan form alloys by interdiffusion with 
the Substrate. The presence of such alloy layers tan 
add to the measurement uncertainty. 

4 Apparatus 

Fluorescent X-ray equipment suitable for measuring 
coating thickness in accordance with this 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 convetling 
the intensity measurement to mass per unit area or 
thickness, for storing calibration data, and for com- 
puting va rious 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 atornic 
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- 
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 
material 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- 
orescent radiation to be used for measurement. 

4.2 Collimator 

This takes the ferm of a precisely dimensioned ap- 
erture or apertures which, in theory, tan be of any 
shape. The aperture size and shape determines the 
incident X-ray beam dimensions at the surface of the 
coating being measured. Current commercial in- 
struments have collimator apertures that are circu- 
lar, Square or rectangular. 

4.3 Detector 

The detector receives the fluorescent radiation from 
the measured specimen and converts this into an 
electrical Signal which is passed on for evaluation. 
The evaluating unit is set to select one or more en- 
ergy bands characteristic of the top, intermediate, 
and/or Substrate materials. 

4.4 Evaluating unit where IV is the count in a given time. 

This processes the incoming data according to its 
Software Programme and thus determines the mass 
per unit area or coating thickness of the test speci- 
men. 

n Test 
specimen 

1 
I’ II 

Detector rc+i+ Collimator 
/ ‘) .* \ < 1 

a) 

X-ray tu be 

X-ray tube 

5 Factars that influence the measurement 
results 

5.1 Counting statistics 

5.1.1 General 

The production of X-ray quanta is random with re- 
spect to time, which means that during a fixed time 
interval the number sf quanta emitted will not al- 
ways be the Same. This gives rise to the statistical 
error which is inherent in all radiation measure- 
ments. In consequence, an estimate of the count 
rate based on a short counting period (e-g. 1 s or 
2 s) may be appreciably different from an estimate 
based an a longer counting period, particularly if the 
count rate is low. This error is independent of other 
sources of error, such as those arising from mis- 
takes on the part of the Operator or from the use of 
inaccurate Standards. To reduce the statistical error 
to an acceptable level, it is necessary to use a 
counting interval long enough to accutnulate a suffi- 
cient number of counts. When an energy dispersive 
System is used, it should be recognized that a sisg-- 
nificant Portion of the intended counting period may 
be consumed as dead time, i.e. time during which 
the count-rate capacity of the System is exceeded. 
lt is possible to correct for dead time losses by fol- 
Iowing the manufacturer’s instr-uctions for his par- 
ticular instrumentation. 

5.12 The Standard deviation, J, of this random er- 
ror closely approximates the squar-e root of the total 
count; that is 

95 YO of all measurements lie within 

N 
( 1 

1+ --2_- -.- 
1 lI 

X-ray tube 

Test 
specimen 
t 

ttLi Detector 
Absorber & 

Radioisotope 
and collimator / I x Test 

b) X-ray tube Cl Radioisotope as primary X-ray Source 

Figure 3 - Schematic representations of energy dispessive systems with their (nssential major csmponents 
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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 

Thickness Standards for calibration measurement 
are available. However, such Standards are not 
guaranteed to better than 5 % (this value is lower in 
specific cases). lt is more difficult to maintain 5 % 
for thin coatings, for example, due to roughness, 
porosity and diffusion. The calibration thickness 
Standard tan only be used if it provides a normal- 
ized count rate between 0,05 and 0,9. 

If the density of the coating differs from that of the 
calibration Standard there will be a corresponding 
error in the thickness measurement. When the den- 
sity of the coating material is known, the thickness 
tan be obtained (see 3.1). 

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 tan 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 tan create 
a different density, coatings with such imperfections 
are best measured in mass per unit area units. If 
known, the actual coating density value tan often be 
introduced into the measuring equipment in Order to 
enable a correction to be made (see 5.6). 

5.6 Coating density 

5.3 Coating thickness 

The measurement uncertainty will be affected by the 
thickness range being measured. In the curves 
shown in ftgure2, the accuracy will be best in the 
Portion of the curve from about 30 % to 80 % satu- 
ration. The accuracy for a given measuring time 
rapidly decreases outside this range- The Situation 
is similar for the absorption curve. The limiting 
thicknesses are, in general, different for each coat- 
ing material. 

lf the instrument measurement is in units of mass 
per unit area, the linear thickness is obtained by di- 
viding this measurement by the coating density: 

d PA =Kxlo 

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

d = d,, x -$ 

5.4 Size of measuring area where 

To obtain satisfactory counting statistics (see 5.1), in 
a reasonably short counting period, select the 
collimator aperture to provide the largest possible 
measuring area consistent with the size and shape 
of the specimen. In most cases, the relevant or rep- 
resentative area to be measured shall be larger 
than the collimated beam area (the collimated beam 
area at the measured surface is not necessarily 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. 

d 

d rn 

is the linear thickness, in micrometres; 

IS the 
m etres 

linear thickness readout, in micro- 

Pl is the density of the coating material of the 
calibration Standards, in grams per cubic 
centimetre; 

P2 is the density of the coating material of the 
test specimen, in grams per cubic centi- 
metre; 

pn 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 da 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 absot-ption method is used, it is essential that 
the composition of the Substrate of the calibration 
or reference Standard(s) is identical with that of the 
Substrate of the test specimen. 

5.8 Substrate thickness 

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

For use of the X-ray absorption method, it is 
necessary for the Substrate to be equal to or greater 
than its Saturation thickness. If this criterion is not 
met, it is essential to calibrate the apparatus with 
reference Standards of identical Substrate thickness 
(see 6.3 ). 

5.9 Surface cleanliness 

Foreign material present on the surface tan lead to 
inaccurate measurements. Protective coatings, sur- 
face treatments or Iacquers tan also lead to inac- 
curacies. 

5.10 Intermediate coatings 

The absorption method cannot be used in the pres- 
ence of intermediate coatings, the absorption prop- 
erties of which are not known. In such a case, the 
emission method is advised. 

5.11 Specimen curvature 

ff it is necessary to make measurements on curved 
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 a pertures 
vantageou s in measur ,ing cylindric al surfaces. 

may be ad- 

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 

toll 
tan 

imator 
somet i 

aperture Iarger than the test specimen 
mes 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. 

5.13 Detector 

Errors in measurement tan be introduced due to 
erratic or unstable Operation of the detector System. 
Before use, check the apparatus for stability. 

Stability Checks are either 

a) automatically applied by some instruments; or 

b) manually applied by the Operator. 

In both cases, a Single reference or Sample piece is 
placed in the X-ray beam and is not moved 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. Po establish stability over a longer 
period of time, the above results are compared with 
those previously obtained (or stored in 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 will establish 
stability for that time period. 

5.14 Radiation path 

Keep the radiation path as short as possible, since 
losses tan increase measurement uncet-tainty. El- 
ements having atomic numbers below 20 do not ra- 
diate sufficiently strongly for the type of apparatus 
shown in figure 3. lt is therefore necessary to use 
vacuum or helium spectrometers if lower atomic 
number materials are to be measured. 

5.15 
unit 

Conversion of CO unt rate to mass per 
rea or thick 

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. lt also depends on the 
quality of the calibration Standards and the numbet- 
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