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Measurement of Coating Thickness by X-Ray Spectrometry
This standard is issued under the fixed designation B 568; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.

1. Scope 3. Terminology

1.1 This test method covers the use of X-ray spectrometry to 3.1 Definitions of technical terms used in this test method
determine thickness of metallic and some nonmetallic coatingsnay be found in Terminology E 135.
1.2 The maximum measurable thickness for a given coatin
is that thickness beyond which the intensity of the character®- Summary of Test Method
istic secondary X radiation from the coating or the substrate is 4.1 Excitation—The measurement of the thickness of coat-
no longer sensitive to small changes in thickness. ings by X-ray spectrometric methods is based on the combined
1.3 This test method measures the mass of coating per uriitteraction of the coating and substrate with incident radiation
area, which can also be expressed in units of linear thicknesy sufficient energy to cause the emission of secondary radia-
provided that the density of the coating is known. tions characteristic of the elements composing the coating and
1.4 Problems of personnel protection against radiation gersubstrate. The exciting radiation may be generated by an X-ray
erated in an X-ray tube or emanating from a radioisotopdube or by certain radioisotopes.
source are not covered by this test method. For information on 4.1.1 Excitation by an X-Ray TubeSuitable exciting radia-
this important aspect, reference should be made to curretibn will be produced by an X-ray tube if sufficient potential is
documents of the National Committee on Radiation Protectiompplied to the tube. This is on the order of 35 to 50 kV for most
and Measurement, Federal Register, Nuclear Regulatory Corthickness-measurement applications. The chief advantage of
mission, National Institute of Standards and Technology (forX-ray tube excitation is the high intensity provided.
merly the National Bureau of Standards), and to state and local 4.1.2 Excitation by a RadioisotopeOf the many available
codes if such exist. radioisotopes, only a few emit gamma radiations in the energy
1.5 This standard does not purport to address all of therange suitable for coating-thickness measurement. Ideally, the
safety concerns, if any, associated with its use. It is theexciting radiation is slightly more energetic (shorter in wave-
responsibility of the user of this standard to establish approJength) than the desired characteristic X rays. The advantages
priate safety and health practices and determine the applicaef radioisotope excitation include more compact instrumenta-

bility of regulatory limitations prior to use. tion essentially monochromatic radiation, and very low back-
ground intensity. The major disadvantage of radioisotope
2. Referenced Documents excitation is the much lower intensities available as compared
2.1 ASTM Standards? with X-ray tube sources. X-ray tubes typically have intensities
E 135 Terminology Relating to Analytical Chemistry for that are several orders of magnitude greater than radioisotope
Metals, Ores, and Related Materials sources. Due to the low intensity of radioisotopes, they are
2.2 International Standard: unsuitable for measurements on small areas (less than 0.3 mm
ISO 3497 Metallic Coatings—Measurement of Coatingin diameter). Other disadvantages include the limited number
Thickness—X-ray Spectrometric Methods of suitable radioisotopes, their rather short useful lifetimes, and

the personnel protection problems associated with high-
intensity radioactive sources.

! This test method is under the jurisdiction of ASTM Committee BO8 on Metallic 4.2 Dispersion—The secondary radiation resulting from the
and Inorganic Coatings and is the direct responsibility of Subcommittee B08.10 on__ .
Test Methods. exposure of an electroplated surface to X radiation usually

Current edition approved June 1, 2004. Published June 2004. OriginalycONtains many components in addition to those characteristic
apgroved in 1972. Last previous edition approved in 1998 as B 568 — 98. of the Coating meta|(s) and the substrate. It is necessary,

For referenced ASTM standards, visit the ASTM website, www.astm.org, or. . : _
contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM therefore, to have, a mean,s of SeDaratmg the desweq compo
Standardssolume information, refer to the standard’s Document Summary page ofnents so that their intensities can be measured. This can be

the ASTM website.
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done either by diffraction (wavelength dispersion) or by 4.4 Basic Principle—A relationship exists between coating
electronic discrimination (energy dispersion). thickness and secondary radiation intensity up to the limiting
4.2.1 Wavelength DispersierBy means of a single-crystal thickness mentioned in 1.2. Both of the techniques described
spectrogoniometer, wavelengths characteristic of either thkelow are based on the use of primary standards of known
coating or the substrate may be selected for measurememoating thicknesses which serve to correlate quantitatively the
Published data in tabular form are available that relate sped¢adiation intensity and thickness.
trogoniometer settings to the characteristic emissions of ele- 4.5 Thickness Measurement by X-Ray Emissitm this
ments for each of the commonly used analyzing crystals. technique, the spectrogoniometer is positioned to record the
4.2.2 Energy Dispersion-X-ray quanta are usually speci- intensity of a prominent wavelength characteristic of the
fied in terms of their wavelengths, in angstroms (A), or theircoating metal or, in the case of an energy-dispersive system,
equivalent energies in kiloelectron volts (keV). The relation-the multichannel analyzer is set to accept the range of energies

ship between these units is as follows: comprising the desired characteristic emission. The intensity of
(keV)(A)=12.396 thg.coating’s X-ray emission (coating ROI) will be 'at a
minimum for a sample of the bare substrate where it will

where: consist of that portion of the substrate fluorescence which may
keV = the quantum energy in thousands of electron volts,overlap the ROI of the coating and a contribution due to

and background radiation. This background radiation is due to the

A = the equivalent wavelength in angstroms {2en). portion of the X-ray tube’s output which is the same energy as

In a suitable detector (see 4.3.2), X rays of different energiethe coating’s X-ray emission. The sample will always scatter
will produce output pulses of different amplitudes. After some of these X rays into the detector. If the characteristic
suitable amplification, these pulses can be sorted on the basisnission energies of the coating and substrate are sufficiently
of their amplitudes and stored in certain designated channels different, the only contribution of the substrate will be due to
a multichannel analyzer, each adjacent channel representing background. For a thick sample of the solid coating metal or
increment of energy. Typically, a channel may represent a spafior an electroplated specimen having an “infinitely thick”
of 20 eV for a lithium-drifted silicon detector or 150 to 200 eV coating, the intensity will have its maximum value for a given
for a proportional counter. From six to sixty adjacent channelsset of conditions. For a sample having a coating of less than
can be used to store the pulses representing a selecté&gfinite” thickness, the intensity will have an intermediate
characteristic emission of one element, the number of channelgilue. The intensity of the emitted secondary X radiation
depending on the width of the emission peak (usually displayedepends, in general, upon the excitation energy, the atomic
on the face of a cathode ray tube). The adjacent channels usadmbers of the coating and substrate, the area of the specimen
to store the pulses from the material under analysis are callegkposed to the primary radiation, the power of the X-ray tube,
the “region of interest” or ROL. and the thickness of the coating. If all of the other variables are

4.3 Detection: fixed, the intensity of the characteristic secondary radiation is

4.3.1 Wavelength Dispersive Systemshe intensity of a & function of the thickness or mass per unit area of the coating.
wavelength is measured by means of an appropriate radiatiolne exact relationship between the measured intensity and the
detector in conjunction with electronic pulse-counting cir- coating thickness must be established by the use of standards
cuitry, that is, a scaler. With wavelength dispersive systems, thBaving the same coating and substrate compositions as the
types of detectors commonly used as the gas-filled types arg@mples to be measured. The maximum thickness that can be
the scintillation detector coupled to a photomultiplier tube. measured by this method is somewhat less than what is,

4.3.2 Energy-Dispersive System#or the highest energy gffectlvely, infinite thickness. This limiting thlpkness depends,
resolution with energy dispersive systems, a solid-state devid8 9eneral, upon the energy of the characteristic X-ray and the
such as the lithium-drifted silicon detector must be used. Thid€nsity and absorption properties of the material under analy-
type of detector is maintained at a very low temperature in &S- The typical relationship between a coating thickness and
liquid-nitrogen cryostat (77K). Acceptable energy resolutionf‘h‘? intensity of a characten_stlc emission f_rom_the coating metal
for most thickness measurement requirements can be realiz&illustrated by the curve in the Appendix, Fig. X1.1.
with proportional counters, and these detectors are being used4.6 Thickness Measurements by X-Ray Absorptitmthis
on most of the commercially available thickness gages base@chnique the spectrometer, in the case of a wavelength-
on X-ray spectrometry. In setting up a procedure for coatingdispersive system, is set to record the intensity of a selected
thickness measurement using an energy-dispersive systegmission characteristic of the basis metal. In an energy-
consideration should be given to the fact that the detectodispersive system, the multichannel analyzer is set to accumu-
“sees” and must process not only those pulses of interest bilate the pulses comprising the same energy peak. The intensity
also those emanating from the substrate and from supportingill be a maximum for a sample of the uncoated basis metal
and masking materials in the excitation enclosure. Thereforegnd will decrease with increasing coating thickness. This is
consideration should be given to restricting the radiation to thdecause both the exciting and secondary characteristic radia-
area of interest by masking or collimation at the radiationtions undergo attenuation in passing through the coating.
source. Similarly, the detector may also be masked so that Depending upon the atomic number of the coating, when the
will see only that area of the specimen on which the coatingoating thickness is increased to a certain value, the character-
thickness is to be determined. istic radiation from the substrate will disappear, although a
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certain amount of scattered radiation will still be detected. Theestimate based on a longer counting period, particularly if the
measurement of a coating thickness by X-ray absorption is natounting rate is low. This error is independent of other sources
applicable if an intermediate coating is present because of thef error such as those arising from mistakes on the part of the
indeterminate absorption effect of intermediate layer. Thepperator or from the use of inaccurate standards. To reduce the
typical relationship between coating thickness and the intensitygtatistical error to an acceptable level, it is necessary to use a
of a characteristic emission from the substrate is shown in theounting interval long enough to accumulate a sufficient
Appendix, see Fig. X1.2. number of counts. When an energy-dispersive system is being
4.7 Thickness and Composition Measurement by Simultagsed it should be recognized that a significant portion of an
neous X-ray Emission and Absorption (Ratio Methet)is  intended counting period may be consumed as dead time, that
possible to combine the X-ray absorption and emission techs, time during which the count-rate capacity of the system is
niques when coating thicknesses and alloy composition argxceeded. It is possible to correct for dead-time losses. The
determined from the ratio of the respective intensities ofmanufacturer's instructions for accomplishing this with his
substrate and coating materials. Measurements by this ratiS!articular instrumentation should be followed.
;npeggon?eﬁrznlgrggtlgc'tg?ependem of the distance between testg 1 1 The standard deviation, s, of this random error will
. ’ . closely approximate the square root of the total count; that is,
S Ml Messurements Mty roducts e UL & = \/N.The e countwl e wiin - 25 955% f he
fime. To understand the significance of the precision, it is

coating layers by using the multiple-energy-region C"’mabi"tyhelpful to express the standard deviation as a percent of the

of the multichannel analyzer of an energy-dispersive systemcqum, 100\/N/IN = 100/+/N. Thus, 100 000 would give a

The measuring methods permit the simultaneous MeasureMelt hdard deviation indicating 10 times the precision (one-tenth
of coating systems with up to three layers. Or the simultaneou e standard deviation) obtained from 1000 counts. This is

measurement of thickness and compositions of layers with u _ X
to three components. Such measurements require unique d %cauafilt(zg \ 10??/(10%‘ \/100 OO(% _blct). Tth's does not ‘
processing for each multilayer combination to separate th ean that the resuft would necessarily be ten imes as accurate

various characteristic emissions involved, to account for théS€® 7.2). o ) )
absorption by intermediate layers, and to allow for any 6.1.2 Acounting interval should be chosen that will provide
secondary excitation which may occur between layers. Typica Net count of at least 10 000. This would correspond to a
examples of such combinations are gold on nickel on coppegtatistical error in the count rate of 1 %. The corresponding
and nickel on copper on steel. standard deviation in the thickness measurement is a function
4.9 Mathematical DeconvolutierWhen using a multi- Of the slope of the calibration curve at the point of measure-
channel analyzer a mathematical deconvolution of the secondient. Most commercially available instruments display the
ary radiation spectra can be used to extract the intensities of tigandard deviation directly in units of thickness.
characteristic radiation. This method can be used when the 6.2 Coating Thickness-The precision of the measurement
energies of the detected characteristic radiations do not diffaxill be affected by the thickness range being measured. In the
sufficiently (for example, characteristic radiation from Au and curve shown in the Appendix, see Fig. X1.1, the precision will
Br). This method sometimes is describechamerical filtering  be best in the portion of the curve from approximately 0.25 to
in order to distinguish from the technique of setting fixed 7.5 um. The precision rapidly becomes poorer in the portion of
Region of Interest (ROI) channel limits in the multichannel the curve above approximately 10 um. The situation is similar
analyzer. for the absorption curve shown in the Appendix, see Fig. X1.2.
5. Significance and Use At coa!ting thicknesses g.reater.than appro>.<imate_ly 10 pm, the
o - _ intensity changes very little with the coating thickness and,
5.1 This is a sensitive, noncontact, and nondestructiVgnerefore, the precision in that region is poor. These limiting
method for measuring the coating thickness (and in SOMgicknesses are, in general, different for each coating material.

cases, coating composmon_) of metallic and some nonmetallic 6.3 Size of Measuring AreaTo obtain satisfactory count-
coatings over a range of thicknesses from as little as 0.01 pum

to as much as 75 um depending on the coating and substrald statistics (see 6.1) ir_1 a_rc_easonably short counting period, the
materials. It can be used to measure coating and base Com&g(posed area of the significant surface should be as large as

nations that are not readily measured by other techniques. practicably consistent with the size and shape of the specimen.
5.2 The coating thickness is an important factor in theCau'[ion must be exercised, however, to see that the use of a

performance of a coating in service large sample area in conjunction with high power input to the
' X-ray tube does not result in a signal so large as to exceed the
6. Factors Affecting Accuracy count-rate capacity of the detection system.

6.1 Counting Statistics-The production of X-ray quantais 6.4 Coating Composition-Thickness determinations by
random with respect to time. This means that during a fixedX-ray methods can be affected by the presence of foreign
time interval, the number of quanta emitted will not always bematerials such as inclusions, co-deposited material, and alloy-
the same. This gives rise to the statistical error which isng metals as well as by voids and porosity. The sources of
inherent in all radiation measurements. In consequence, atror will be eliminated by the use of calibration standards
estimate of the counting rate based on a short counting intervalectroplated in the same type of solution under the same
(for example, 1 or 2 s) may be appreciably different from anconditions as those used in the production of the coatings to be
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measured. If pores or voids are present, X-ray methods will 6.10 Excitation Energy-The intensity of the characteristic
give an indication of coating mass per unit area but not olecondary radiation from either the coating or the substrate is
thickness. strongly affected by any variation in the excitation energy, that

6.5 Density—If the density of the coating materials differs is, by changes in potential applied to the X-ray tube or changes
from that of the calibration standards, there will be a corredn the tube current, or both. In general, the radiation intensity
sponding error in the thickness measurement. Commerciallyaries directly with the current and the square of the potential.
available X-ray fluorescence instruments allow the use of dherefore, in any method based on a simple relationship
density correction procedure to compensate for small differbetween intensity and thickness, the final adjustment of exci-
ences between the density of the coating material to bé&ation energy must be made with reference to the observed
measured and the density of the calibration standards coatirgtensity from a standard sample used to construct the working
material. This procedure is commonly used for the measurecurve. However, if the method is based on intensity ratios
ment of hard gold coatings having a density of 17.5 grith rather than absolute intensities, minor variations in excitation
calibration standards having a soft (pure) gold coating, whictgnergy are compensated for.
has a density of 19.3 g/cinVariations in density can result  6.11 Detector—Errors can be introduced by erratic opera-
either from variations in composition or from variations in tion of the detector system which includes the associated
plating conditions (see 6.4). scaling circuitry as well as the detector tube itself. If instability

6.6 Substrate CompositierThe effect of differences in IS suspected, a series of twenty or more count measurements
substrate composition will be relatively minor on thicknessshould be made on the same specimen without moving the
measurements made by the X-ray emission method if afPecimen and the standard deviation of the series calculated.
intensity ratio is used and if the X rays emitted by the substrat&/0ost modern industrial X-ray instrumentation will perform
do not excite or over|ap the radiation being measured. Howthls calculation automatlcally. The value should not be S|gn|f|—
ever, when thickness measurements are made by the X-r&antly greater than the square root of one measuremgit,
absorption method the substrate composition of the test spechome forms of instability become evident if the same specimen
mens must be the same as that of the standards. is measured periodically.

6.7 Substrate ThicknessThe effect of a thin substrate will ~ 6.11.1 All radiation-detection/pulse-processing systems
be slight on thickness measurements by X-ray emission prdlave limitations with respect to reliable count-rate capability.
vided that an intensity ratio is used and if the X rays emitted byOperation of the gas-filled and scintillation types above their
the substrate are not energetic enough to excite the radiatisipunt-rate capabilities will result in loss of counts and errone-
being measured. Care must be taken that the coating arf¥sly low readings. Operation of an energy-dispersive system
substrate are thick enough to prevent the primary X-ray bearit high-input pulse rates will require an excessively long time
from reaching and fluorescing the material on which theto obtain a statistically valid total, even with “dead-time”
sample is supported. However, when thickness is to be detefompensation (see 6.1).
mined by the X-ray absorption technique, the thickness of the 6.12 Any extrapolation beyond the thickness range covered
substrate must exceed a certain minimum or critical thicknesdy the calibration standards excluding infinite thickness can
It must be established experimentally that the minimumresult in serious measurement errors; therefore, it is necessary
thickness requirements have been met for a particulato take additional steps for measurements outside this range.

substrate-source combination, although it is sometimes pos- 6.12.1 When making measurements in the range between
sible to back up the test specimen substrates with a sufficienhe highest thickness standard and the saturation (or infinite
thickness of materials of the same composition. The X-rayhickness) standard, especially in the so-called hyperbolic
absorption method cannot be used when one or more intermeange, one must always use additional thickness standards with
diate coating layers are present. values slightly above and below the presumed thickness of the

6.8 Surface CleanlinessForeign materials such as dirt, test specimen. Instrument measurement precision will rapidly
grease, or corrosion products will lead to inaccurate thicknesgecrease with increasing thickness in the hyperbolic range. For
determinations. Protective coatings such as lacquer or chrdhis reason, significantly longer measurements times are usu-
mate conversion coatings over the coating to be measured willlly required for measurement applications using the hyper-
also affect the results. bolic range.

6.9 Specimen CurvatureThickness measurements should 6.12.2 The use of additional standards between the substrate
be made on flat surfaces if practical. In those cases where tiséandard and the lowest thickness standard will also improve
measurement of thickness on curved surfaces cannot dbe accuracy of the measurement in the lower range, which is
avoided, a collimator should be used on the excitation bean®lso called the linear range.
reducing the measurement area to a size that will minimize the 6.13 Filter to Absorb Secondary RadiatieAWhen measur-
effects of curvature. Spatial relationships between the curvethg coating/substrate combinations having similar characteris-
surface, the excitation beam, and the detector are particulartyc emission energies it is often helpful to use an absorber or
important, and variations in these relationships can introducélter made from an appropriate material to absorb the charac-
errors in measurement. Calibration standards having the santeristic X-ray emission of the substrate or coating material to
radius of curvature as that of the test specimens can also mprove measurement accuracy and precision. In most com-
used to eliminate curvature effects. mercially available XRF systems this absorber is a thin metal
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foil which is manually or automatically placed between thespecimen. This shall be verified by comparing the intensities of

detector and the test specimen. the selected characteristic radiations of both uncoated substrate
. : materials.
7. Calibration 7.6 In the X-ray absorption technique, the substrate thick-

7.1 GeneratIn taking instrument readings for the purpose ness of the test specimen and the calibration standards shall be
of establishing an instrument calibration, exactly the saméhe same unless the critical thickness, as defined in 6.7, is
instrumental conditions, including collimator size, voltage, andexceeded.
tube current, shall be used as those which will be used on test 7.7 If the curvature of the coating to be measured is such as
specimens. to preclude calibration on a flat surface, the curvature of the

7.2 Standards—Prolonged counting periods will not com- standard and that of the test specimen shall be the same.
pensate for inaccurate standards. Standards representing vari- i
ous thickness ranges of a number of coatings on differerf: Standard Less Techniques by Fundamental Parameter
substrates are generally available from thickness gage manu- Computer Simulation
facturers. Those that are certified for thickness (as opposed to8.1 If the software of the XRF instrument is capable to
mass per unit area) are suitable provided they are used fonodel the true physical properties of the coating and basis
coatings of the same density and composition. Calibrationmaterial characteristic X-ray emission (by fundamental param-
standards for gold coatings, certified as to mass of gold per unéter based computer simulation) then a measurement of coating
area, with an accuracy of5 %, are availablé.If standards thickness and coating composition is obtained which is not
representing a particular type of coating and substrate are nderived from an instrument calibration with standards. This
available, their preparation may be undertaken only if thorstandard less measurement shall be corrected by means of
oughly competent personnel in the fields of electroplating andalibration standards. The standards correction procedure (cali-
analytical chemistry are available. bration) performs the same way as the procedure used for

7.2.1 Calibration standards must be used in such a mannestablishing empirical instrument calibrations alone.
as to minimize wear and abrasion of the plated surface. If the 8.2 In cases when the coating(s) to be measured and the
standards are visibly scratched or abraded they should bevailable calibration standard do not meet the conditions of 7.3,
replaced. It is recommended that two sets of standards Raen the computer simulation based on the fundamental param-
maintained, that is, a set of primary standards and a set after technique will cover such situations, if the following
working standards. These should be used only to calibrate ammbnditions are fulfilled:
periodically check the condition of the working standards. At 8.2.1 The composition of the coating(s) of standard and part
the first signs of wear or discrepancy, the working standard# be measured does not differ considerably, and
should be replaced. 8.2.2 If the characteristic radiation of substrate components

7.3 The instrument shall be calibrated with thickness staninfluences the radiation intensities which are used for calculat-
dards having the same coating and substrate materials as thasg the thickness and composition of the coating, the compo-
being measured. Exceptions are allowed if the intensity of thsition of the substrate of standard and specimen shall not differ
characteristic coating material emission is not influenced by theonsiderably.
characteristic emission of the substrate material. An example of
this situation is the measurement of silver on copper. Thé- Referee Test
instrument calibration may be made with standards of silveron 9.1 If a referee test is required in order to resolve a
nickel. The intensity of the characteristic silver emission is notdisagreement, it shall be performed by using suitable Standard
influenced by the characteristic emission of nickel or copper.Reference Material (SRM) thickness standards from the

7.4 The coating of the calibration standards must have thalational Institute of Standards and Technology (NIST), if such
same X-ray emission (or absorption) properties as the coatingtandards are available. A suitable SRM standard is an SRM
being measured. If the coating of the standards is electrodstandard of the same substrate/coating combination for which
posited from the same bath and under the same conditions & XRF gage was calibrated, the thickness of which is within
the coating to be measured, the X-ray properties may béhe range of the calibration, preferably close to that of the test
assumed to be the same. If the coating on the standard is golshecimens being measured. The SRM shall be measured five
but not electroplated under conditions known to be the same d@snes, each measurement being made under the same condi-
the coating being measured, the X-ray properties may b#ons as used for the measurement of the test piece. If the
assumed to be the same for mass per unit area measuremeigigerage of the five measurements of the SRM differs from the
Under such circumstances, thickness measurements must bertified mass per unit area of equivalent thickness by more
corrected for density differences, unless density differences cahan 10 %, the calibration is not valid.

be7SEt1()I¥Vf;ht0 ?ﬁ IESImeI(.:antt' be det ined by the X Note 1—SRMs are issued by NIST and includeating thickness
’ . e 'C_ ness 1s to be determine . y the X-ray spms for some coating systems. The stated mass per unit area of each
absorption technique, the substrate of the thickness standarglsating thicknesSRM is certified to be within 5 % of the true mass per

shall have the same X-ray emission properties as that of the tegiit area.

3 Available from National Institute of Standards and Technology (NIST), 100 “SRMs may be purchased from the Office of Standard Reference Materials,
Bureau Dr., Stop 3460, Gaithersburg, MD 20899-3460. National Institute of Standards and Technology, Gaithersburg, MD 20899.
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10. Procedure 11.2 Although an uncertainty of less than 10 % may be

10.1 Operate each instrument in accordance with the man@chieved consistently for a great number of applications, the
facturer’s instructions, paying attention to the factors listed inuncertainty may be greater when the coating thickness is less
Section 6. Calibrate it in accordance with Section 7. than 1 pm.

10.2 Calibration Checks-The instrument calibration shall ~ 11.3 Instruments suitable for compliance with 11.1 are
be checked periodically or before a test series, by remeasuringailable commercially. For many coating systems the instru-

one of the calibration standards or a reference specimen witfhents are capable of making measurements with an uncertainty
known mass per area or thickness. If there is a change of thsf |ess than 5 % at 95 % confidence level.

measured thickness that is large enough to preclude meeting
the requirements of Section 11, recalibrate the instrument.
10.3 Observe the following precautions:
10.3.1 Substrate Thicknesslf the X-ray absorption tech-

11.4 The measurement bias is the discrepancy remaining
between the measured thickness and the true thickness if all
random errors are eliminated. It is, therefore, no greater than,

nigue is used, verify that the substrate thickness of the te&nd attnbutablg to:1 the cqhbra}mn error of the mstrumg nt,
specimens exceeds the critical thickness. If not, make sure thaf'd @) the quality of the calibration standard used to calibrate
the calibration has been made with a substrate having the sarffé€ instrument.
thickness and emission properties as the test specimens.

10.3.2 Measurement AreaThe size of the measurement 12. Report
area will dependi on the size pf t_he collimator used to restrict 121 The report shall include the following information:
and control the size of the excitation beam. In no case shall the 12.1.1 Type of instrument used,
measurement area be larger than the coated area available on s )
the test specimen. Suitable means must be provided to per-12-1.2 Size of colllmat'or aperture,
fectly align the test specimen relative to the excitation beam. 12.1.3 Measurement time,

10.3.3 Surface CleanlinessRemove all foreign materials, ~ 12.1.4 Description of test specimen and measurement area,

such as dirt, grease, lacquer, oxides, and conversion coatings1 1 5 |f applicable a statement that a correction for density
from the surface before the measurement by cleaning withoyt,,s made

removing any of the coating material. Avoid specimen areas Lo
having \%siblg defects suchgas flux, acid spots, and dross in 12.1.6 Type of calibration standards and the measurement
making measurements. mode used,
10.3.4 Measuring Time-Use a sufficient measuring time to ~ 12.1.7 Thickness of coating as determined from the mea-
obtain a repeatability that will yield the desired accuracy (segurements,
6.1). 12.1.8 Statistical measurement parameters of the measure-
10.4 Computation of ResuksConvert the intensity read- ment series as required,

ings to thickness units. The conversion is made automatically 15 1 9 |dentification of testing facility and operator, and

by most commercial coating thickness instruments. 12.1.10 Date of measurements.

11. Precision and Bias
11.1 The equipment, its calibration, and its operation shalll3. Keywords

be such that the coating thickness can be determined with an 13 1 absorption; collimator; emission; filter; ratio; X-ray
uncertainty of less than 10 % at 95 % confidence level.

APPENDIX
(Nonmandatory Information)

X1. CALIBRATION CURVES

X1.1 Since commercially available X-ray spectrometryintensity for Ni Ka is obtained from a sample of the unplated
thickness gages give a direct display in thickness units, it is ndtrass substrate and subsequently substracted for each of the
necessary for the user of such equipment to generate or to uittensity readings obtained from electroplated samples.
calibrati_on curves. H_owever, the ge_neral shapes (_)f calibration yx1q 1 2 Absorption—A representative calibration curve for
curves in the emission mode and in the absorption mode Qigtermining a nickel coating thickness by X-ray absorption is
operation are given here as general information. shown in Fig. X1.2. The intensities are background-corrected

X1.1.1 Emissior—A typical calibration curve for determin- zg they were in the emission technique. The emission now

ing a nickel coating thickness by X-ray emission is shown inheing measured comes from the substrate.
Fig. X1.1. The intensities are background-corrected, that is, the
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Note—Intensity is that of the Ni & line after a subtraction of background intensity.
FIG. X1.1 Calibration Curve for the Determination of a Nickel Thickness by X-Ray Emission
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Note—Intensity is that of the Cu K line from the brass substrate after subtraction of background intensity.
FIG. X1.2 Calibration Curve for the Determination of a Nickel Thickness by X-Ray Absorption

Copyright by ASTM Int'l (al rights reserved); Thu Apr 16 05:57:35 EDT 2009
Downloaded/printed by
Laurentian University pursuant to License Agreement. No further reproductions authorized.



Ay B 56898 (2004)

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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