QHW Designation: B 568 — 98

Standard Test Method for
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 epsilonej 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 4. Summary of Test Method

1.1 This test method covers the use of X-ray spectrometry to 4.1 Excitation—The measurement of the thickness of coat-
determine thickness of metallic and some nonmetallic coatingsngs by X-ray spectrometric methods is based on the combined
1.2 The maximum measurable thickness for a given coatingnteraction of the coating and substrate with incident radiation
is that thickness beyond which the intensity of the characteref sufficient energy to cause the emission of secondary radia-
istic secondary X radiation from the coating or the substrate isions characteristic of the elements composing the coating and
no longer sensitive to small changes in thickness. substrate. The exciting radiation may be generated by an X-ray
1.3 This test method measures the mass of coating per urtitbe or by certain radioisotopes.
area, which can also be expressed in units of linear thickness 4.1.1 Excitation by an X-Ray TubeSuitable exciting radia-
provided that the density of the coating is known. tion will be produced by an X-ray tube if sufficient potential is
1.4 Problems of personnel protection against radiation gerapplied to the tube. This is on the order of 35 to 50 kV for most
erated in an X-ray tube or emanating from a radioisotopehickness-measurement applications. The chief advantage of
source are not covered by this test method. For information oX-ray tube excitation is the high intensity provided.
this important aspect, reference should be made to current 4.1.2 Excitation by a RadioisotopeOf the many available
documents of the National Committee on Radiation Protectiomadioisotopes, only a few emit gamma radiations in the energy
and Measurement, Federal Register, Nuclear Regulatory Comange suitable for coating-thickness measurement. Ideally, the
mission, National Institute of Standards and Technology (forexciting radiation is slightly more energetic (shorter in wave-
merly the National Bureau of Standards), and to state and loc&ngth) than the desired characteristic X rays. The advantages
codes if such exist. of radioisotope excitation include more compact instrumenta-
1.5 This standard does not purport to address all of thetion essentially monochromatic radiation, and very low back-
safety concerns, if any, associated with its use. It is thground intensity. The major disadvantage of radioisotope
responsibility of the user of this standard to establish appro-excitation is the much lower intensities available as compared
priate safety and health practices and determine the applicawith X-ray tube sources. X-ray tubes typically have intensities

bility of regulatory limitations prior to use. that are several orders of magnitude greater than radioisotope
sources. Due to the low intensity of radioisotopes, they are
2. Referenced Documents unsuitable for measurements on small areas (less than 0.3 mm
2.1 ASTM Standards: in diameter). Other disadvantages include the limited number
E 135 Terminology Relating to Analytical Chemistry for of suitable radioisotopes, their rather short useful lifetimes, and
Metals, Ores, and Related Materals the personnel protection problems associated with high-
2.2 International Standard: intensity radioactive sources.
ISO 3497 Metallic Coatings—Measurement of Coating 4.2 Dispersion—The secondary radiation resulting from the
Thickness—X-ray Spectrometric Methods exposure of an electroplated surface to X radiation usually

. contains many components in addition to those characteristic
3. Terminology of the coating metal(s) and the substrate. It is necessary,
3.1 Definitions of technical terms used in this test methodherefore, to have a means of separating the desired compo-
may be found in Terminology E 135. nents so that their intensities can be measured. This can be
done either by diffraction (wavelength dispersion) or by
- electronic discrimination (energy dispersion).
* This test method is under the jurisdiction of ASTM Committee B-8 on Metallic 4.2.1 Wavelength DispersienBy means of a single-crystal
and Inorganic Coatingsand is the direct responsibility of Subcommittee B08.10oispectrogoniometer, wavelengths characteristic of either the

General Test Methods. _ _._coating or the substrate may be selected for measurement.
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Published data in tabular form are available that relate spec- 4.5 Thickness Measurement by X-Ray Emissitm this
trogoniometer settings to the characteristic emissions of elgechnique, the spectrogoniometer is positioned to record the
ments for each of the commonly used analyzing crystals. intensity of a prominent wavelength characteristic of the
4.2.2 Energy Dispersion-X-ray quanta are usually speci- coating metal or, in the case of an energy-dispersive system,
fied in terms of their wavelengths, in angstroms (A), or theirthe multichannel analyzer is set to accept the range of energies
equivalent energies in kiloelectron volts (keV). The relation-comprising the desired characteristic emission. The intensity of

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

_ consist of that portion of the substrate fluorescence which may
\liveh\?re% the quantum energy in thousands of electron JoltsOVeriap the ROI of the coating and a contribution due to

and y bacl_<ground radiation. This backgrou_nd _radiation is due to the

A = the equivalent wavelength in angstroms t2en). 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 energiegqe coating’s X-ray emission. The sample will always sca_tte_r
will produce output pulses of different amplitudes. After sonjelof these .X rays into th.e detector. If the Characte_nstlc
suitable amplification, these pulses can be sorted on the ba§§1SSION energies of th_e coating and substrate are sufficiently
of their amplitudes and stored in certain designated channels gffferent, the only contribution of the substrate will be due to
a multichannel analyzer, each adjacent channel representing Bckground. For a thick sample of the solid coating metal or
increment of energy. Typically, a channel may represent a spa®f 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 channel$et of conditions. For a sample having a coating of less than
can be used to store the pulses representing a selectdafinite” thickness, the intensity will have an intermediate
characteristic emission of one element, the number of channeklue. 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 callegikposed to the primary radiation, the power of the X-ray tube,
the “region of interest” or ROI. 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 Systemghe intensity of a a function of the thickness or mass per unit area of the coating.
wavelength is measured by means of an appropriate radiatiorhe 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, thgaving the same coating and substrate compositions as the
types of detectors commonly used as the gas-filled types anghmples 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 effectively, infinite thickness. This limiting thickness depends,
resolution with energy dispersive systems, a solid-state deviGg general, upon the energy of the characteristic X-ray and the
such as the Ilthlqm—drlfted_smcon detector must be used. Th'%ensity and absorption properties of the material under analy-
type of detector is maintained at a very low temperature in &js. The typical relationship between a coating thickness and

liquid-nitrogen cryostat (77K). Acceptable energy resolutiony,e jntensity of a characteristic emission from the coating metal
for most thickness measurement requirements can be realized, ,strated by the curve in the Appendix, Fig. 1.

with proportional counters, and these detectors are being used . . .
on most of the commercially available thickness gages based 4.6 Thickness Measurements by X-Ray Absorptitmthis

on X-ray spectrometry. In setting up a procedure for coa’ting—teChnlque the spectrometer, in the case of a wavelength-

thickness measurement using an energy-dispersive Systelq{'spersive system, is set to record the intensity of a selected

consideration should be given to the fact that the detectof™MiSSion characteristic of the basis metal. In an energy-

“sees” and must process not only those pulses of interest b@SPersive system, the multichannel analyzer is set to accumu-
also those emanating from the substrate and from supportirlgt€ the pulses comprising the same energy peak. The intensity
and masking materials in the excitation enclosure. ThereforeVill be a maximum for a sample of the uncoated basis metal
consideration should be given to restricting the radiation to th@nd will decrease with increasing coating thickness. This is
area of interest by masking or collimation at the radiationPecause both the exciting and secondary characteristic radia-
source. Similarly, the detector may also be masked so that {fons undergo attenuation in passing through the coating.
will see only that area of the specimen on which the coating?epending upon the atomic number of the coating, when the
thickness is to be determined. coating thickness is increased to a certain value, the character-
4.4 Basic Principle—A relationship exists between coating istic radiation from the substrate will disappear, although a
thickness and secondary radiation intensity up to the limitingcertain amount of scattered radiation will still be detected. The
thickness mentioned in 1.2. Both of the techniques describetheasurement of a coating thickness by X-ray absorption is not
below are based on the use of primary standards of knowapplicable if an intermediate coating is present because of the
coating thicknesses which serve to correlate quantitatively thendeterminate absorption effect of intermediate layer. The
radiation intensity and thickness. typical relationship between coating thickness and the intensity
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of a characteristic emission from the substrate is shown in theounting interval long enough to accumulate a sufficient
Appendix, Fig. 2. number of counts. When an energy-dispersive system is being
4.7 Thickness and Composition Measurement by Simultaused it should be recognized that a significant portion of an
neous X-ray Emission and Absorption (Ratio Methett)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
nigues when coating thicknesses and alloy composition arexceeded. 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 ratjgarticular instrumentation should be followed.
method are largely independent of the distance between testg.1.1 The standard deviation, s, of this random error will
specimen and detector. closely approximate the square root of the total count; that is,
4.8 Multilayer Measurements-Many products have multi- s =  /N. The “true” count will lie within N= 2's 95 % of the
layer coatings in which it is possible to measure each of théime. To understand the significance of the precision, it is
coating layers by using the multiple-energy-region capabilityhelpful to express the standard deviation as a percent of the
of the multichannel analyzer of an energy-dispersive systentount, 100\/N/N = 100/\/W Thus, 100 000 would give a
The measuring methods permit the simultaneous measuremesibndard deviation indicating 10 times the precision (one-tenth
of coating systems with up to 3 layers. Or the simultaneoushe standard deviation) obtained from 1000 counts. This is
measurement of thickness and compositions of layers with Ubecause{lOO/\/WOQ/(lOO/\/mo = 10. This does not
to 3 components. Such measurements require unique daggean that the result would necessarily be ten times as accurate
processing for each multilayer combination to separate thesee 7.2).
various characteristic emissions involved, to account for the g 1 2 A counting interval should be chosen that will provide

absorption by intermediate layers, and to allow for anyy net count of at least 10 000. This would correspond to a
secondary excitation which may occur between layers. Typicaitatistical error in the count rate of 1 %. The corresponding
examples of such combinations are gold on nickel on coppegtandard deviation in the thickness measurement is a function
and nickel on copper on steel. . . of the slope of the calibration curve at the point of measure-
4.9 Mathematical DeconvolutierWhen using a multi-  ment, Most commercially available instruments display the
channel analyzer a mathematical deconvolution of the secondyandard deviation directly in units of thickness.
ary radiati_on spectra can be_used to extract the intensities of the 5 ,, Coating Thickness-The precision of the measurement
chara_cter|st|c radiation. This meth_od_ can .be. used When.thﬁill be affected by the thickness range being measured. In the
energies of the detected characteristic radiations do not d'ﬁec,rurve shown in the Appendix, Fig. 1, the precision will be best
sufficiently (for example, characteristic radiation from Au and; 'y o portion of the curve from ap;prbximately 0.25t0 7.5 pum.

.Br); .Th's methoo_l sometimes Is descrlbed_’lasmerlcal_fllter- The precision rapidly becomes poorer in the portion of the
Ing" In order to distinguish from the fte(_:hnl_que of setting fixed curve above approximately 10 pm. The situation is similar for
Region of Interest (ROI) channel limits in the multichannel the absorption curve shown in the Appendix, Fig. 2. At coating
analyzer. thicknesses greater than approximately 10 um, the intensity
5. Significance and Use changes very little with the coating thickness and, therefore,
the precision in that region is poor. These limiting thicknesses

5.1 This is a sensitive, noncontact, and nondestructive " " . : .
are, in general, different for each coating material.

method for measuring the coating thickness (and in some - . . .
6.3 Size of Measuring AreaTo obtain satisfactory count-

cases, coating composition) of metallic and some nonmetallic - X ! .
coatings over a range of thicknesses from as little as 0.01 A9 Statistics (see 6.1) in a reasonably short counting period, the

to as much as 75 um depending on the coating and substra%po_sed area Of the significant_ surface should be as Iar_ge as
materials. It can be used to measure coating and base comipracticably consistent with the size and shape of the specimen.

nations that are not readily measured by other techniques. C2ution must be exercised, however, to see that the use of a

5.2 The coating thickness is an important factor in the')"zlrge satr)np:je area In conlju_nctlor_l W'tlh h'ﬁ]h power input toéhﬁ
performance of a coating in service. -ray tube does not result in a signal so large as to exceed the

count-rate capacity of the detection system.
6. Factors Affecting Accuracy 6.4 Coating Compositioa-Thickness determinations by
6.1 Counting Statistics-The production of X-ray quanta is X-ray methods can be affected by the presence of foreign
random with respect to time. This means that during a fixednaterials such as inclusions, codeposited material, and alloying
time interval, the number of quanta emitted will not always bemetals as well as by voids and porosity. The sources of error
the same. This gives rise to the statistical error which igwill be eliminated by the use of calibration standards electro-
inherent in all radiation measurements. In consequence, dated in the same type of solution under the same conditions
estimate of the counting rate based on a short counting intervas those used in the production of the coatings to be measured.
(for example, 1 or 2 s) may be appreciably different from anlf pores or voids are present, X-ray methods will give an
estimate based on a longer counting period, particularly if théndication of coating mass per unit area but not of thickness.
counting rate is low. This error is independent of other sources 6.5 Density—If the density of the coating materials differs
of error such as those arising from mistakes on the part of th&om that of the calibration standards, there will be a corre-
operator or from the use of inaccurate standards. To reduce tilsponding error in the thickness measurement. Commercially
statistical error to an acceptable level, it is necessary to useavailable X-ray fluorescence instruments allow the use of a
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density correction procedure to compensate for small differtation energy must be made with reference to the observed
ences between the density of the coating material to betensity from a standard sample used to construct the working
measured and the density of the calibration standards coatirgurve. However, if the method is based on intensity ratios
material. This procedure is commonly used for the measurerather than absolute intensities, minor variations in excitation
ment of hard gold coatings having a density of 17.5 g/arith energy are compensated for.
calibration standards having a soft (pure) gold coating, which 6.11 Detector—Errors can be introduced by erratic opera-
has a density of 19.3 g/cinVariations in density can result tion of the detector system which includes the associated
either from variations in composition or from variations in scaling circuitry as well as the detector tube itself. If instability
plating conditions (see 6.4). is suspected, a series of twenty or more count measurements
6.6 Substrate CompositieaThe effect of differences in should be made on the same specimen without moving the
substrate composition will be relatively minor on thicknessspecimen and the standard deviation of the series calculated.
measurements made by the X-ray emission method if aMost modern industrial X-ray instrumentation will perform
intensity ratio is used and if the X rays emitted by the substrathis calculation automatically. The value should not be signifi-
do not excite or overlap the radiation being measured. Howeantly greater than the square root of one measuremgt,
ever, when thickness measurements are made by the X-r&dome forms of instability become evident if the same specimen
absorption method the substrate composition of the test speds measured periodically.
mens must be the same as that of the standards. 6.11.1 All radiation-detection/pulse-processing systems
6.7 Substrate ThicknessThe effect of a thin substrate will have limitations with respect to reliable count-rate capability.
be slight on thickness measurements by X-ray emission prdoperation of the gas-filled and scintillation types above their
vided that an intensity ratio is used and if the X rays emitted bycount-rate capabilities will result in loss of counts and errone-
the substrate are not energetic enough to excite the radiatidhisly low readings. Operation of an energy-dispersive system
being measured. Care must be taken that the coating ar@l high-input pulse rates will require an excessively long time
substrate are thick enough to prevent the primary X-ray bearip obtain a statistically valid total, even with “dead-time”
from reaching and fluorescing the material on which thecompensation (see 6.1).
sample is supported. However, when thickness is to be deter- 6.12 Any extrapolation beyond the thickness range covered
mined by the X-ray absorption technique, the thickness of théy the calibration standards excluding infinite thickness can
substrate must exceed a certain minimum or critical thicknesgesult in serious measurement errors; therefore, it is necessary
It must be established experimentally that the minimumto take additional steps for measurements outside this range.
thickness requirements have been met for a particular 6.12.1 When making measurements in the range between
substrate-source combination, although it is sometimes poshe highest thickness standard and the saturation (or infinite
sible to back up the test specimen substrates with a sufficienhickness) standard, especially in the so-called hyperbolic
thickness of materials of the same composition. The X-rayange, one must always use additional thickness standards with
absorption method cannot be used when one or more intermegalues slightly above and below the presumed thickness of the
diate coating layers are present. test specimen. Instrument measurement precision will rapidly
6.8 Surface CleanlinessForeign materials such as dirt, decrease with increasing thickness in the hyperbolic range. For
grease, or corrosion products will lead to inaccurate thicknesthis reason, significantly longer measurements times are usu-
determinations. Protective coatings such as lacquer or chr@lly required for measurement applications using the hyper-
mate conversion coatings over the coating to be measured wifiolic range.
also affect the results. 6.12.2 The use of additional standards between the substrate
6.9 Specimen Curvatuse Thickness measurements should Standard and the lowest thickness standard will also improve
be made on flat surfaces if practical. In those cases where tiB€ accuracy of the measurement in the lower range, which is
measurement of thickness on curved surfaces cannot KsO called the linear range.
avoided, a collimator should be used on the excitation beam, 6.13 Filter to Absorb Secondary RadiatieAWhen measur-
reducing the measurement area to a size that will minimize th#g coating/substrate combinations having similar characteris-
effects of curvature. Spatial relationships between the curvetic emission energies it is often helpful to use an absorber or
surface, the excitation beam, and the detector are particularfiter made from an appropriate material to absorb the charac-
important, and variations in these relationships can introductgristic X-ray emission of the substrate or coating material to
errors in measurement. Calibration standards having the sanf@prove measurement accuracy and precision. In most com-
radius of curvature as that of the test specimens can also tgercially available XRF systems this absorber is a thin metal
used to eliminate curvature effects. foil which is manually or automatically placed between the

6.10 Excitation Energy-The intensity of the characteristic 9etector and the test specimen.
secondary radiation from either the coating or the substrate is
strongly affected by any variation in the excitation energy, that!-
is, by changes in potential applied to the X-ray tube or changes 7.1 General—In taking instrument readings for the purpose
in the tube current, or both. In general, the radiation intensityof establishing an instrument calibration, exactly the same
varies directly with the current and the square of the potentialinstrumental conditions, including collimator size, voltage, and
Therefore, in any method based on a simple relationshipube current, shall be used as those which will be used on test
between intensity and thickness, the final adjustment of excispecimens.

Calibration
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7.2 Standards—Prolonged counting periods will not com- 8. Standard Less Techniques by Fundamental Parameter
pensate for inaccurate standards. Standards representing vari-Computer Simulation

ous thickness ranges of a number of coatings on different g 1 |f the software of the XRE instrument is capable to
substrates are generally available from thickness gage manyodel the true physical properties of the coating and basis
facturers. Those that are certified for thickness (as opposed {Qaterial characteristic X-ray emission (by fundamental param-
mass per unit area) are suitable provided they are used f@iter pased computer simulation) then a measurement of coating
coatings of the same density and composition. Calibratioghjckness and coating composition is obtained which is not
standards for gold coatings, certified as to mass of gold per unfierived from an instrument calibration with standards. This
area, with an accuracy of 5 %, are availablé.If standards  standard less measurement shall be corrected by means of
representing a particular type of coating and substrate are nggjipration standards. The standards correction procedure (cali-
available, their preparation may be undertaken only if thor‘bration) performs the same way as the procedure used for
oughly competent personnel in the fields of electroplating an@staplishing empirical instrument calibrations alone.
analytical chemistry are available. _ 8.2 In cases when the coating(s) to be measured and the
7.2.1 Calibration standards must be used in such a mannggailaple calibration standard do not meet the conditions of 7.3,
as to minimize wear and abrasion of the plated surface. If thehen the computer simulation based on the fundamental param-
standards are visibly scratched or abraded they should R&er technique will cover such situations, if the following
replaced. It is recommended that two sets of standards W& nditions are fulfilled:

maintained, that is, a set of primary standards and a set of (1) The composition of the coating(s) of standard and part to
working standards. These should be used only to calibrate argk measured does not differ considerably;

periodically check the condition of the working standards. At (2) If the characteristic radiation of substrate components
the first signs of wear or discrepancy, the working standardgfluences the radiation intensities which are used for calculat-
should be replaced. ing the thickness and composition of the coating, the compo-

7.3 The instrument shall be calibrated with thickness stansition of the substrate of standard and specimen shall not differ
dards having the same coating and substrate materials as thQgshsiderably.

being measured. Exceptions are allowed if the intensity of the
characteristic coating material emission is not influenced by th8. Referee Test
characteristic emission of the substrate material. An example of g 1 |f a referee test is required in order to resolve a

this situation is the measurement of silver on copper. Th@jisagreement, it shall be performed by using suitable Standard
instrument calibration may be made with standards of silver ofReference Material (SRM) thickness standards from the
nickel. The intensity of the characteristic silver emission is Not\ational Institute of Standards and Technology (NIST), if such
influenced by the characteristic emission of nickel or copper.siandards are available. A suitable SRM standard is an SRM
7.4 The coating of the calibration standards must have thgtandard of the same substrate/coating combination for which
same X-ray emission (or absorption) properties as the coalinfye XRF gage was calibrated, the thickness of which is within
being measured. If the coating of the standards is electrodgne range of the calibration, preferably close to that of the test
posited from the same bath and under the same conditions 8pecimens being measured. The SRM shall be measured 5
the coating to be measured, the X-ray properties may b@mes, each measurement being made under the same condi-
assumed to be the same. If the coating on the standard is golghns as used for the measurement of the test piece. If the
but not electroplated under conditions known to be the same aferage of the 5 measurements of the SRM differs from the

the coating being measured, the X-ray properties may bgertified mass per unit area of equivalent thickness by more
assumed to be the same for mass per unit area measurememtan 10 %, the calibration is not valid.

Under such circumstances, thickness measurements must be

corrected for density differences, unless density differences capNoTe 1—SRMs are issued by NIST and includgeating thickness

be shown to be insignificant. SRMs for some coating systems. The stated mass per unit area of each

. . . ting thicknesSRM i tified to be within 5 % of the t
7.5 If the thickness is to be determined by the X—rayﬁ?]ﬁ ':r%& cxnes 15 certiied fo be within 5 ot fhe frue mass per
absorption technique, the substrate of the thickness standards

shall have the same X-ray emission properties as that of the te$0. Procedure

SpeCimen. This shall be verified by Comparing the intensities of 10.1 Operate each instrument in accordance with the manu-
the selected characteristic radiations of both uncoated substratg-tyrer's instructions, paying attention to the factors listed in
materials. _ _ ~Section 6. Calibrate it in accordance with Section 7.

7.6 In the X-ray absorption technique, the substrate thick- 10.2 Calibration Checks-The instrument calibration shall
ness of the test specimen and the calibration standards shall Bg checked periodically or before a test series, by remeasuring
the same unless the critical thickness, as defined in 6.7, igne of the calibration standards or a reference specimen with
exceeded. known mass per area or thickness. If there is a change of the

7.7 If the curvature of the coating to be measured is such ageasured thickness that is large enough to preclude meeting

to preclude calibration on a flat surface, the curvature of thehe requirements of section 11, recalibrate the instrument.
standard and that of the test specimen shall be the same.

3 Available from the National Institute of Standards and Technology, Office of “*SRMs may be purchased from the Office of Standard Reference Materials,
Standard Reference Materials, Gaithersburg, MD 20899. National Institute of Standards and Technology, Gaithersburg, MD 20899.
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10.3 Observe the following precautions: 11.3 Instruments suitable for compliance with section 11.1
10.3.1 Substrate Thicknesslf the X-ray absorption tech- are available commercially. For many coating systems the
nigue is used, verify that the substrate thickness of the teshstruments are capable of making measurements with an
specimens exceeds the critical thickness. If not, make sure thahcertainty of less than 5 % at 95 % confidence level.
the calibration has been made with a substrate having the same11.4 The measurement bias is the discrepancy remaining
thickness and emission properties as the test specimens.  petween the measured thickness and the true thickness if all
10.3.2 Measurement AreaThe size of the measurement random errors are eliminated. It is, therefore, no greater than,
area will depend on the size of the collimator used to restrichng attributable to1) the calibration error of the instrument

and control the size of the excitation beam. In no case shall thgng @) the quality of the calibration standard used to calibrate
measurement area be larger than the coated area available @R instrument.

the test specimen. Suitable means must be provided to per-
fectly align the test specimen relative to the excitation beamq o Report
10.3.3 Surface CleanlinessRemove all foreign materials, ) o ]
such as dirt, grease, lacquer, oxides, and conversion coating512-1 The report shall include the following information:
from the surface before the measurement by cleaning without 12.1.1 Type of instrument used,
removing any of the coating material. Avoid specimen areas 12.1.2 Size of collimator aperture,
having visible defects such as flux, acid spots, and dross in 12 1 3 Measurement time,
making measurements. _ .
10.3.4 Measuring Time-Use a sufficient measuring time to 12.1.4 Description of test specimen and measurement area,

obtain a repeatability that will yield the desired accuracy (see 12.1.5 If applicable a statement that a correction for density
6.1). was made,

10.4 Computation of ResultsConvert the intensity read- 12.1.6 Type of calibration standards and the measurement
ings to thickness units. The conversion is made automaticalljnode used,
by most commercial coating thickness instruments. 12.1.7 Thickness of coating as determined from the mea-

. , surements,
11. Precision and Bias 12.1.8 Statistical measurement parameters of the measure-

11.1 The equipment, its calibration, and its operation shalment series as required,
be such that the coating thickness can be determined with an 15 1 g |gentification of testing facility and operator, and
uncertainty of less than 10 % at 95 % confidence level.

11.2 Although an uncertainty of less than 10 % may be
achieved consistently for a great number of applications, th
uncertainty may be greater when the coating thickness is le
than 1 pm. 13.1 absorption; collimator; emission; filter; ratio; x-ray

12.1.10 Date of measurements.

. Keywords

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 ugtensity readings obtained from electroplated samples.
calibrati'on curves. prever, the ge_neral shapes c_)f calibration y1 1 2 Absorption—A representative calibration curve for
curves in the emission mode and in the absorption mode Qfetermining 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- as they were in the emission technique_ The emission now

ing a nickel coating thickness by X-ray emission is shown inpeing 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 k& 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
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