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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Surface chemical analysis — Analysis of metal oxide films by
glow discharge optical emission spectrometry
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requirenpents of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO 147D7, Surface chemical analysis — Glow discharge optical emission spectrometry (GD{OES) —
Introduction to use

ISO 14284, Steel and iron — Sampling and preparation of saniples for the determination of chemical composition

3 Terms and definitions
No termg and definitions are listed in this document.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Qnline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

4 Principle
The anallytical methoddescribed in this document involves the following processes.

a) Preparationwof’the sample to be analysed, generally in the form of a flat plate or disc of difnensions
appropriateto the instrument or analytical requirement (round or rectangular samples with a|lwidth of
more than'5 mm, generally 20 mm to 100 mm, are suitable).

b) Cathodic sputtering of the surface metal oxide in a direct-current or radio-frequency glow discharge device.
¢) Excitation of the analyte atoms in the plasma formed in the glow discharge device.

d) Spectrometric measurement of the intensities of characteristic spectral-emission lines of the analyte
atoms as a function of sputtering time (qualitative depth profiling).

e) Conversion of the depth profile in units of intensity versus time to mass fraction versus depth by means
of calibration functions (quantification). Calibration of the system is achieved by measurements on
calibration samples of known chemical composition and measured sputtering rate.

© IS0 2025 - All rights reserved
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5 Apparatus
5.1 Glow discharge optical emission spectrometer

5.1.1 General

The required instrumentation includes an optical emission spectrometer system consisting of a Grimm
typel4l or similar glow discharge source (direct-current or radio-frequency powered) and a simultaneous
optical spectrometer as described in ISO 14707, capable of providing suitable spectral lines for the analyte
elements. It is also common to combine this with a sequential spectrometer (monochromator), allowing
the addition of an extra spectral channel to a depth profile measurement. An array-type detector, such as
a charge coupled device (CCDJ, a complementary metal-oxide-semiconductor device (CMOSJ or Ja charge
injection| device (CID) can also be used for simultaneous detection to cover a wide spectralmanpe of the
analyticgl lines.

The inner diameter of the hollow anode of the glow discharge source shall be in the range,of 2 mm to 8 mm.
A cooling device for thin samples, such as a metal block with circulating cooling liquidgis‘also reconimended,
but not sfrictly necessary for implementation of the method.

Since the principle of determination is based on continuous sputtering of the surface metal oixide, the
spectrometer shall be equipped with a digital readout system for time-resolved measurement of the
emissior] intensities. A system capable of a data acquisition speed of at least"100 measurements/seicond per
spectral [channel is recommended, but, for a large number of applications, speeds of >50 measutrements/
second peer spectral channel are acceptable.

NOTE Pulsed mode of glow discharge source is available in some . commercial instruments and can be bepeficial in
the analypis of heat-sensitive samples, for reduction of sputtering rate:

5.1.2 election of spectral lines

For each|analyte to be determined, there exist a nuiber of spectral lines which can be used. Suitable lines
shall be felected on the basis of several factors, including the spectral range of the spectrometer fised, the
analyte mass fraction range, the sensitivity of the spectral lines and any spectral interference from other
elementq present in the test samples. For applications where several of the analytes of interest are major
elementd in the samples, special attentiofi shall be paid to the occurrence of self-absorption of certalin highly
sensitiveg spectral lines (so-called resonance lines). Self-absorption causes non-linear calibratiop curves
at high dnalyte mass fraction level$;-and strongly self-absorbed lines should therefore be avoided for the
determination of major elements:-Suggestions concerning suitable spectral lines are given in Table B.1.
Spectral|lines other than those.listed may be used, so long as they have favourable characteristics.

5.1.3 S$election of glow-discharge source type

5.1.3.1 | Anode size

Most GD{OES instruments on the market are delivered with options to use various anode diametefs, 2 mm,
4 mm and 8mm being the most common. Some older instruments have one anode only, usually 8 njm, while
the mos{ commonly used anode in modern instruments is 4 mm. A larger anode requires larger| samples
and higher power during analysis; therefore, the sample is heated to a greater extent. On the other hand,
a larger anode gives rise to a plasma of larger volume that emits more light, resulting in lower detection
limits (i.e. higher analytical sensitivity). Furthermore, a larger anode helps to mask inhomogeneity within a
surface metal oxide. This may or may not be an advantage, depending on the application. In a large number
of applications, the 4 mm anode is a good compromise. However, in surface analysis applications, it is
rather common to encounter problems of overheating of the samples due to e.g. surface layers of poor heat
conductivity and/or very thin samples. In such cases, a smaller anode is preferable (typically 2 or 2,5 mm)
even if there is some loss of analytical sensitivity.

© IS0 2025 - All rights reserved
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5.1.3.2 Type of power supply

The glow discharge source can be either a type powered by a direct-current (DC) power supply or a radio-
frequency (RF) type. The most important difference is that the RF type can sputter both conductive and
non-conductive samples; hence this is the only type that can be used for e.g. polymer coatings and insulating
oxide layers. On the other hand, it is technically simpler to measure and control the electrical source
parameters (voltage, current, power) of a DC type. Several commercially available GD-OES systems can
be delivered with the option to switch between DC and RF operation, but RF-only systems are becoming
increasingly common. In short, there are a very large number of applications where DC or RF sources can be
used and several where only an RF source can be used.

5.1.3.3 _Mode of operation

Both DC|and RF sources can be operated in several different modes with respect to the conttol of the
electrical parameters (current, voltage, power) and the pressure. There are several reasons for-this:

— “historical” reasons (older instruments have simpler but functional power supplies,while the teghnology
has ¢volved so newer models have more precise and easier-to-operate source coritnol);

— diffgrent manufacturers have chosen different solutions for source control;
— therg are some application-related issues where a particular mode of operation is to be preferrgd.

This docpiment gives instructions for optimizing the source parameters/based on several available modes of
operatioh. The most important reason for this is to make these instructions comprehensive so as tp include
several types of instrument. In most applications, there is no majordifference between these modegin terms
of analytical performance, but there are other differences in.terfms of practicality and ease of operation.
For instgnce, a system equipped with active pressure regulation will automatically be adjusted to the same
electrical source parameters every time a particular analytical method is used. Without this te¢hnology,
some mdnual adjustment of the pressure to achieve the'desired electrical source parameters is hormally
required. Alternatively, a method to correct for impedance variations by means of empirically derived
functionp[®] can be used, provided it is implemented\i# the software of the GD-OES systems.

NOTE In this context, what is known as the emission yield forms the basis for calibration and quantiffication as
described in this document.[llZ] The emission yield has been found to vary with the current, the voltage|and, to a
lesser exfent, the pressure.[318119] It is impossible in practice to maintain all three parameters constant fpr all test
samples, due to variations in the electrical ‘eharacteristics of different materials. In several instrument fypes, the
electrical|source parameters (the plasma.irhpedance) can therefore be maintained constant by means of jutomatic
systems that vary the pressure duringanalysis.

6 Adjpsting the glowdischarge spectrometer system settings

6.1 Gqgneral
Follow the manufacturer's instructions or locally documented procedures for preparing the instrument for use.

RF sour¢esAdiffer from DC sources in the respect that for several instrument models, only th¢ applied
(forward)‘RF power can be measured, not the actual power developed in the glow discharge plagma. The
applied RF power is normally in the range 10 W-100 W, but it must be noted that the RF power losses in
connectors, cables, etc. vary considerably between different instrument models. Typical power losses are
in the range 10 %-50 % of the applied power. Furthermore, the possibilities to measure the additional
electrical parameters voltage and current in the plasma are generally restricted due to technical difficulties
with RF systems, and several existing instrument models can only measure the applied RF power.

There is no difference between DC and RF concerning the possibilities to measure the pressure. However,
there are large pressures differentials in a Grimm type source, and pressure readings obtained depend on
the location of the pressure gauge. Some instrument models have a pressure gauge attached to measure
the actual pressure in the plasma, while others have a pressure gauge located on a “low pressure” side of
the source closer to the pump. Therefore, the pressure readings can, for several instruments, just be used
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to adjust the source parameters of that particular instrument, not as a measure of the actual operating
pressure in the plasma.

For test specimens, calibration samples and validation samples, it is important to ensure before analysis
that once located in the glow discharge source there are no vacuum leaks. Special attention must be paid on
the sealing between the sample and glow discharge source.

For an optical system with photomultiplier detectors in fixed spectral positions, the most important
preparation step is to check that the entrance slit to the spectrometer is correctly adjusted, following the
procedure given by the instrument manufacturer. This ensures that the emission intensities are measured
on the peaks of the spectral lines for optimum signal-to-background ratio. For further information,
see ISO 14707. For an optical system with CCD detectors, the corresponding control is to check that the
wavelengtircatibration {3 correct, fottowing the procedure given by The IMSTrument manufacturer.

The mosf important step in developing a method for a particular application is to optimize the parameters
of the glgw discharge source. The source parameters shall be chosen to achieve three aims;

a) adeduate sputtering of the test sample, to reduce the analysis time without overheating the sample;
b) good crater shape, for good depth resolution;
c) congtant excitation conditions in calibration and analysis, for optimum accuiracy.

Trade-offs are often necessary among the three specified aims. More detailed instructions on how [to adjust
the sourfe parameters are given in the following subclauses.

The settings of the parameters for detector sensitivity depend onthe source parameters, but the procedure
is the same for all modes of operation of the source. This procedure is therefore only described for the first
mode of pperation.

Similarly, the steps to adjust and optimize the source settings in terms of signal stability and sputter crater
shape arg also similar in principle for all modes of operation. Therefore, these procedures are only described
in detail [for the first mode of operation.

6.2 Sefting the parameters of a DC sourcé

6.2.1 (onstant applied current and.voltage

The two|control parameters are the‘applied current and the applied voltage. Set the power supply for the
glow discharge source to constant-current/constant-voltage operation (current set by the power supply,
voltage 4djusted by pressuref/gas flow regulation). Then, set the current and voltage to the typicpl values
recommeénded by the mandfacturer. Alternatively, set the power supply to constant voltage/constant
current ¢peration (voltage€set by the power supply, current adjusted by pressure/gas flow regulation). If no
recommended valuesare available, set the voltage to 700 V and the current to a value in the rangg 5 mA to
10 mA fgr a 2 mm 6r-2,5 mm anode, 15 mA to 30 mA for a 4 mm anode or 40 mA to 100 mA for a|7 mm or
8 mm anpde. If no.previous knowledge of the optimum current is available, it is recommended to start with
a value spmewhere in the middle of the recommended range.

NOTE For the purposes of this document, there is no difference between the two alternative modes of pperation
described above.

6.2.1.1 Setting the parameters for detector sensitivity

Select test samples with surface layers of all types to be determined. For all test samples, run the source
while observing the output signals from the detectors for the analyte atoms. Parameters for detector
sensitivity in such a way that sufficient sensitivity is ensured at the lowest analyte mass fraction without

© IS0 2025 - All rights reserved
4


https://standardsiso.com/api/?name=c4a045818c311610bd072180506ca50b

ISO/TS 25138:2025(en)

saturation of the detector system at the highest analyte mass fraction. For array type detectors (CCD and
CID), adjust the integration time in the same way as the high voltage for PMT.

NOTE Some instruments allow to work in dynamic mode, where all measured intensities are converted into the
intensity, which would be measured at the lowest sensitivity (shortest integration time or lowest PMT voltage). In this
case, you can calibrate and measure the samples at optimal sensitivity. For this dynamic operation mode to function, it
is necessary to determine the ratio of the sensitivities as a function of integration time/PMT voltage beforehand.

6.2.1.2 Adjusting the source parameters

For each type of test sample, carry out a full depth profile measurement, sputtering it in the glow discharge
for a suff1c1ently long time to remove the metal ox1de completely and continue well into the base material.
By obsenving the emission Intensities as a function of SPUttering time (Often TeferTe Te qualitative
depth proflle) verify that the selected source settings give stable emission SIgnals throughout-the depth
profile ahd into the substrate. If this is found not to be the case, reduce one of the control parametters by a
small ampount and sputter through the metal oxide again. If the stability is still unsatisfactory, rgduce the
other coptrol parameter by a small amount and repeat the measurements. If found necessary, repeat this
procedufe for a number of control parameter combinations until stable emission conditions are ob

NOTE Unstable emission signals can indicate thermal instability in the sample surfdace layers; sample |cooling is
beneficial in this regard.

6.2.1.3 | Optimizing the crater shape (optional)

If a suitable profilometer device is available, adopt the following pro€edure. Sputter a sample with a metal
oxide typical of the test samples to be analysed to a depth of about 10 um to 20 pm, but still inside the
metal oxlide. This is only possible for applications where surfaee ‘metal oxide layers of such thickness are
availabld. If no such sample is available, use a steel or brass'sample. Measure the crater shape By means
of the pifofilometer device. Repeat this procedure a few, times using slightly different values of ope of the
control garameters. Select the conditions that give an optimally flat-bottomed crater. These condifions are
then usefl during calibration and analysis, provided that the stability of the emission conditions obfained in
step 6.2.1.2 is not compromised. In some cases, thereis a certain trade-off between these two requirements.

6.2.2 (onstant applied current and pressure

The two|control parameters are the applied current and the pressure. Set the power supply for [the glow
dischargg source to constant-current'eperation. Then set the current to a typical value recommendgd by the
manufacfurer. If no recommended(Values are available, set the current to a value in the range 5 mA fo 10 mA
for a 2 mm or 2,5 mm anode, 15 mA to 30 mA for a 4 mm anode or 40 mA to 100 mA for a 7 mm|or 8 mm
anode. Iffno previous knowledge of the optimum current is available, it is recommended to start with a value
somewhere in the middle 0fthe recommended range. Sputter a typical coated test sample, and agdjust the
pressurd until a voltage-of approximately 700 V is attained in the metal oxide.

Set the pprameters fof detector sensitivity as described in 6.2.1.1.

Adjust the discharge parameters as described in 6.2.1.2, adjusting first the current and, if necessary, the
pressuré.

O tll’an tho cratnr chann ~c dncormibhad 10 £ 9 1 2 hy ahictinagthn mvnccirn Thacn oo ditiane a4 en Sed
p a-the-eratershape-as-deseribedin-6-213-byadjustingthe pressure—These-conditionsaret u

during calibration and analysis (optional).

Before sputtering a new sample type, make a test run in order to ensure that the voltage has not changed by
more than 5 % from the previously selected value. If this is the case, readjust the pressure until the correct
value is attained.

6.2.3 Constant voltage and pressure

The two control parameters are the applied voltage and pressure. Set the power supply for the glow
discharge source to constant voltage operation. First set the voltage to a typical value recommended by
the manufacturer. If no recommended values are available, set the voltage to 700 V. Sputter a typical coated
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test sample, and adjust the pressure until a current in the approximate range 5 mA to 10 mA for a 2 mm or
2,5 mm anode, 15 mA to 30 mA for a 4 mm anode, 40 mA to 100 mA for a 7 mm or 8 mm anode is attained in
the surface layers. If no previous knowledge about the optimum current is available, it is recommended to
start with a value somewhere in the middle of the recommended range.

Set the parameters for detector sensitivity as described in 6.2.1.1.

Adjust the source parameters as described in 6.2.1.2, adjusting first the voltage and, if necessary, the
pressure.

Optimise the crater shape as described in 6.2.1.3, by adjusting the pressure. These conditions are then used
during calibration and analysis (optional).

Before sputtering a new sample type, make a test run in order to ensure that the current is not altered more
than 5 % from the previously selected value. If this is the case, readjust the pressure until the-correct value
is attained.

For analysis of very thin layers < 100 nm, it is recommended to test and evaluate all three' modes described
above. There may be a small difference in the very short start-up of the discharge,affecting the analytical
results tp some extent. In the constant voltage - constant current mode, the presSure is increaped until
ignition pccurs. The pressure must then be decreased to reach the selected curferit. In the constang current
- constapt voltage mode the voltage increases until ignition occurs, if the cOrrect start pressure s set the
voltage 1fapidly reaches the set value with minimal pressure regulation. Itis therefore important fro adjust
the start| pressure before ignition to a value such that the voltage and current values in the thin layer come
very clode to those used for calibration of the instrument. A few trials on a sample with the corredt type of
thin laydr can be necessary. The purpose is to minimize changesiin the discharge parameters dyring the
short tinje the nanolayer is sputtered. Detailed instructions are.given in 6.4.4.

6.3 Segting the discharge parameters of an RF soutrce

The most common operating modes of RF sourcés are the following: constant applied power and |constant
pressure; constant applied voltage and constant pressure; or constant effective power and applied RF voltage
(the RF voltage is defined here as the RMS.veltage at the coupling electrode without DC bias). In addjtion, the
mode copstant applied power and DC bias’voltage is sometimes used, but less common. All RF opprational
modes afe allowed in this document;, provided they meet the three aims listed in 6.1. In the fpllowing,
separatelinstructions are provided on how to set the parameters for the different operational modss.

6.3.2 onstant applied voltage and pressure

The two|control parameters are the applied power and the pressure. First set the applied power and adjust
the sourfe pressure to the values suggested by the manufacturer. If recommended values are not gvailable,
set the dpplied power and pressure to somewhere in the middle of the ranges commonly used for depth
profiling of metal'samples. Measure the penetration rate (i.e. depth per unit time) on an iron or stedl sample,
adjusting the power to give a penetration rate of about 2 pum/min to 3 pum/min.

Set the pprdameters for detector sensitivity as described in 6.2.1.1.

Adjust the discharge parameters as described in 6.2.1.2, adjusting first the applied power and, if necessary,
the pressure.

Optimize the crater shape as described in 6.2.1.3 by adjusting the pressure (optional).

Re-measure the penetration rate on the iron or steel sample and adjust the applied power, if necessary,
to return to about 2 um/min to 3 pm/min. Repeat the cycle of power and pressure adjustment until no
significant change is noted in the penetration rate or crater shape. Note the power and pressure used in
units provided for the instrument type. These conditions are then used during calibration and analysis.
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6.3.3 Constant applied power and DC bias voltage

The two control parameters are the applied power and the DC bias voltage. First, set the applied power
and adjust the source pressure to attain a DC bias typical of the values suggested by the manufacturer. If
recommended values are not available, set the applied power and DC bias voltage to somewhere in the middle
of the range commonly used for depth profiling of metal samples. On instruments equipped with active
pressure control, this can be achieved automatically. Measure the penetration rate (i.e. depth per unit time)
on an iron or steel sample, adjusting the power to give a penetration rate of about 2 pm/min to 3 pm/min.

Set the parameters for detector sensitivity as described in 6.2.1.1.

Adjust the discharge parameters as described in 6.2.1.2, adjusting first the applied power and, if necessary,
the DC bjas vultagc.

Optimiz¢ the crater shape as described in 6.2.1.3 by adjusting the DC bias voltage (optional).

Remeasyre the penetration rate on the iron or steel sample and adjust the applied powet; if necgssary, to
return t¢ about 2 um/min to 3 pum/min. Repeat the cycle of power and DC bias voltage.adjustment until no
significapt change is noted in the penetration rate or in the crater shape. If this is not'the case, readjust the
DC bias yoltage until the correct value is attained. Note the power and DC bias voltage’used in units provided
for the iffstrument. These conditions are then used during calibration and analysis:.

NOTE This mode can only be used if conductive samples are measured,.since the DC bias vanishds at non-
conductiye samples.

6.3.4 (onstant effective power and RF voltage

The two[control parameters are the effective power and the REwoltage. Constant effective power i defined
here as the applied power minus the reflected power and the “blind power” measured with the sample in
place buf without plasma (vacuum conditions). The RF voltage is defined here as the RMS voltage at the
coupling|electrode without DC bias.

Set the power supply for the glow discharge seurce to constant effective power/constant RE voltage
operatioh. First set the power to a typical value)recommended by the manufacturer. If no recommended
values aije available, set the RF voltage to 700:V-and the power to a value in the range 10 W to 15 W fdr a 4 mm
anode, 5(W to 10 W for a 2 mm anode to giveran example. If no previous knowledge of the optimum|power is
availablg, it is recommended to start with-a value somewhere in the middle of the recommended ramge.

Set the pprameters for detector sensitivity as described in 6.2.1.1.

Adjust tHe discharge parameters.as described in 6.2.1.2, adjusting first the effective power and, if necessary,
the RF voltage.

Optimiz¢ the crater shape-as described in 6.2.1.3 by adjusting the RF voltage. Select the conditionsthat give
an optimfally flat-bottemed crater. These conditions are then used during calibration and analysis (qptional).

NOTE In orderto determine the RF RMS voltage, it is essential to include the offset caused by the DC bigs voltage,
which is not passible to measure at the coupling electrode when non-conductors are sputtered. However, when only
relativel)jlthin (<100 pm) non-conductive layers on a conductive specimen are analysed, the offset can be ¢stimated
and the gnmplitude of the RF voltage multiplied by 1,22 can be used as a good estimate of the RMS voltagel19l. For
thick non-conductors more complex calculations must be carried out.lll However, analysis of thick non-conductors is
outside the scope of this document.

6.4 Minimum performance requirements

6.4.1 General

It is desirable for the instrument to conform to the performance specifications given in 6.4.2 and 6.4.3 below,
for applications to very thin layers < 100 nm also to 6.4.4.

NOTE Setting up for analysis commonly requires an iterative approach to the adjustment of the various

instrumental parameters described in this document.
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6.4.2 Minimum repeatability

The following test shall be performed in order to check that the instrument is functioning properly in terms

of repeat

ability.

Perform 10 measurements of the emission intensity on a homogeneous bulk sample with a content of the
analyte exceeding a mass fraction of 1 %. The glow discharge conditions shall be those selected for analysis.
These measurements shall be performed using a discharge stabilization time (often referred to as “preburn”)
of at least 60 s and a data acquisition time in the range 5 s to 20 s. Each measurement shall be located on a
newly prepared surface of the sample. Calculate the relative standard deviation of the 10 measurements.
The relative standard deviation shall conform to any requirements and/or specifications relevant to the

of metal

intended use.

NOTE Typical relative standard deviations determined in this way are 2 % or less.

6.4.3 Detection limit

6.4.3.1 | General

Detectioh limits are instrument-dependent and matrix-dependent. Consequently;“the detection limit for a
given anplyte cannot be uniquely determined for every available instrument or for the full range

oxides cpnsidered here. For the purposes of this document, the detectigmlimit for each analyte will be

acceptablle if it is equal to or less than one-fifth of the lowest expected mass'fraction in the metal o

6.4.3.2

The first
limit for

a) Sele
simi
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wav
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of tilne to achieve stable signalsyprior to the quantification of the emission intensity. Use an uns|
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¢) Compute the detection liniit, expressed as a mass fraction, using Formula (1):

Lp4=—=

SNR method
h given analyte, the following steps are performed,
ar, in terms of the elemental composition. of the matrix, to that of the metal oxides samp

brm ten replicate burns on the blanksFor each burn, acquire the emission intensity at the
plength for 10 s. These are the background emission intensity measurements. The glow d
itions used should preferably be-the same as those that will be used in the analysis of th
bles. For each measurement, the blank shall be preburned at these conditions for a sufficie

of the surface of the bldnkfor each individual burn.

3Xo
S

ysed. Further, the sample shall be known teé contain less than 1 pg/g of the analyte(s) ofina\|:rest.

ide.

method is often called the SNR (signal-to-noise ratig)smethod. In order to evaluate the detection

't a bulk sample to be used as a blank. The composition of the blank sample should prefg¢rably be

les to be

alytical
ischarge
e coated
nt length
puttered

)

S

is-the detection limit;

is the standard deviation of the background intensity measurements performed in step b);

is the analytical sensitivity derived from the instrument calibration, expressed in the appropriate

units (the ratio of intensity to mass fraction).

If the detection limit calculated is unacceptable, the test shall be repeated. If the second value calculated is
also unacceptable, then the cause shall be investigated and corrected prior to analysing samples.
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6.4.3.3 SBR-RSDB method

The second method, which does not require a blank, is often called the SBR-RSDB (signal-to-background
ratio — relative standard deviation of the background) method. The method is performed as follows.

a) Select a bulk sample which has a matrix composition that is similar to that of the metal oxides to be
analysed and in which the mass fraction of the analyte is greater than 0,1 % and accurately known. If
an analytical transition that is prone to self-absorption (see 5.1.2) is to be used, the mass fraction of the
analyte should preferably not exceed 1 %.

b) Perform three replicate burns on the chosen sample. For each burn, integrate the emission intensity at
the analytical wavelength for 10 s. The glow discharge conditions used should preferably be similar to

thosg-that-wit-be-tsed oated-samples—For-es st - ample shall
be preburned at these conditions for a sufficient length of time to achieve stable signals-pfipr to the
quarntification of the emission intensity. Use a freshly prepared area of the surface of the sample for each
indiyidual burn. Average the three replicate emission intensities.

c¢) Sele¢t a peak-free region of the emission spectrum within 0,2 nm of the analytical peak. Perfform ten
replicate burns on the chosen sample. For each burn, integrate the intensity(at-the peak-frge region
for 10 s. These are the measurements of the background intensity. The glow-discharge conditions and
preburn shall be the same as those used in step 2. Once again, use a freshly\prepared area of the surface
e sample for each individual burn. Compute the average and the relative standard deviatipn of the
ten 1leplicate measurements.

d) Calcplate the detection limit using Formula (2):

Lp A (2)
(I-1g)
Iy
where
Ly is the detection limit;
wy is the mass fraction of the analyte in the sample;

Orelp IS the relative standardideviation of the background from step c), expressed as a perceptage;
Iy is the average background intensity from step c);
I is the averagepeak intensity from step b).

[f the detection limit ealeulated is unacceptable, then the test shall be repeated. If the second value calculated
is also uacceptablé;then the cause shall be investigated and corrected prior to analysing samples.

6.4.4 ontrolof lamp cleanliness and start-up performance

h second,
the stability at the start-up is of utmost importance. This is also closely linked to the lamp cleanliness. Here
are instructions how to verify that the lamp start-up performance is good enough for very thin film analysis.

Before performing the test, run the lamp at least 2 000 s with e.g. a steel sample. This is in order to remove
as much as possible contamination of the lamp interior (primarily on the anode walls) prior to analysis.

Prepare a steel sample by dry grinding with a new paper of mesh 180 - 320. Do not use wet grinding and/
or surface cleaning with a degreasing liquid. Place the sample on the lamp immediately after grinding and
start a depth profile analysis. Run the analysis 50 s — 100 s at the data acquisition speed to be used for the
nanolayers. Check first that the discharge has been stable throughout the analysis. Plot the intensity vs time
the first 10 s of the Fe channel to be used in the analysis, see Figure 1. Check that the Fe intensity has reached
50 % of the intensity at 10 s in < 0,5 s. If this is not the case, check the stability of the electrical parameters
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and the pressure at start-up, if necessary, make adjustments and repeat the test. If the performance specified
above cannot be attained, the instrument is not suitable for nanolayer analysis.
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Figure 1 — Risetime of Fe spectral lines

he criteria for start-up performance fails to meet the speeifications above, proceed as fi
te the problem. First, repeat the measurement with a freshly surfaced sample, making

If a rise

le is not dropped from the lamp after completed measurement. Second, repeat the meag
ely, now in the same spot as the first measurement.The result should look similar to th
2, with a risetime exceeding the < 0,5 s limit. [fthis is not the case, the measurements
ed and have the instrument serviced before proceeding.

ime < 0,5 s is observed in the second measurement but not in the first, the lamp is

bllows to
bure that
urement
ht shown
shall be

probably

contaminated. Replace the anode and inspect thelamp for any other possible source of contamination. After

reassem

terminatle the measurements and have theifistrument serviced before proceeding.

bly of the lamp, repeat the start-up performance test. If the < 0,5 s risetime still cannot be :
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Figure 2 — Risetime of Fe spectral line after restart in same spot

The procedure is for control of lamp cleanliness and start-up performance is recommended also when the
intended application is for surface layers > 100 nm.

© IS0 2025 - All rights reserved
10


https://standardsiso.com/api/?name=c4a045818c311610bd072180506ca50b

ISO/TS 25138:2025(en)

7 Sampling

Carry out sampling in accordance with ISO 14284 and/or relevant national/international standards, as
appropriate. If no such standards are available, follow the instructions from the manufacturer of the coated
material or another appropriate procedure. The edges of a coated strip should preferably be avoided. The
size of the test samples taken shall be suitable for the glow discharge source used. Typically, round or
rectangular samples with sizes (diameter, width and/or length) of 20 mm to 100 mm are suitable. This is
due to the fact that the diameter of the sealing o-ring of the source typically is in the range 8 mm to 20 mm,
and it is desirable to have sufficient area to make at least two replicate measurements on each sample.

Rinse the surface of the sample with an appropriate solvent (high purity acetone, ethanol or n-heptane) to
remove oils. Blow the surface dry with a stream of inert gas (argon or nitrogen) or clean, oil-free compressed
air, being careful not to touch the surface with the gas delivery tube. The wetted surface may Be lightly
wiped wlith a wetted, soft, lint-free cloth or paper to facilitate the removal of oils. After wiping;’flush the
surface With solvent and dry as described above.

Even thgrough cleaning does not remove all contamination, leaving up to 10 mg/m?% Tresiduall carbon
contamination on the surface, showing as a top layer 2 nm to 3 nm thick.

8 Calibration

8.1 Gedneral

Calibratipn of the system consists of determining, for each analyteand spectral line, the calibratiorn formula
as descrjbed in either A.2 or A.3. In order to carry out the calibrdtion, it is necessary to know |both the
chemical composition and the sputtering rates (mass loss rates) of the calibration samples. The software of
all comnpercially available spectrometers is designed to create several dedicated calibrations for |different
applica‘gLns. A combination of a set of spectrometer systenf-settings and a set of calibration equatipns valid
at these $ettings is usually called an analytical method.

8.2 Callibration samples

8.2.1 (General

Whenever possible, spectrometric calibration samples issued as CRMs (certified reference njaterials)
shall be jused. Due to the quantificdtion being based on emission yields, the calibration samples need not
be very kimilar to the metal oxide/materials in composition, but they shall have sputtering ratps which
are well[determined and reproducible. In particular, samples of very low melting point (Zn, Sn| Pb) are
not recommended, due to difficulties in obtaining reproducible and stable sputtering rates. Furthermore,
high-purfity metals are notecessary in order to calibrate correctly for high mass fractions, but|they are
valuable|for the determination of the spectral backgrounds in regions of the spectrum where they do not
have emission lines. Fhe following considerations are the most important in the selection of the calibration
samples,

a) There shall~be at least three calibration samples for each analyte, covering a range from zefo to the
highestmass fraction to be determined. This is a minimum requirement, at least five calibratior] samples

dad L. ilal
are recommentaetwiretireverpossiore:

b) The samples shall be homogeneous to the extent that the mass sputtered during a calibration
measurement is representative of the given composition.

Based on these general recommendations, the following types of calibration samples are suggested.
Additional calibration samples of other alloy types containing the analytes may also be used.

NOTE1 Reference Material (RM): Material or substance one or more of whose property values are sufficiently
homogeneous, stable, and well established to be used for the calibration of an apparatus, the assessment of a
measurement method, or for assigning values to materials.
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NOTE 2  Certified Reference Material (CRM): Reference material, accompanied by a certificate, one or more of whose
property values are certified by a procedure which establishes its traceability to an accurate realisation of the unit in
which the property values are expressed, and for which each certified value is accompanied by an uncertainty at a
stated level of confidence. By trademark, a Standard Reference Material® (SRM®)1) is a CRM issued by the National
Institute of Standards and Technology, Gaithersburg, MD, USA.

8.2.2 Low alloy iron or steel samples

Use steel samples with iron mass fractions that are greater than 98 %. The iron mass fraction for a given sample
can be determined by subtracting the sum of the mass fractions for all other known elements from 100 %.

8.2.3 Stainless-steel samples

Use stainpless-steel samples with nickel mass fractions in the range 10 % to 40 %, chromium mass’fractions
in the range 10 % to 40 %, molybdenum mass fractions in the range 0,5 % to 10 % and mangangse mass
fractiond in the range 0,1 % to 3 %.

8.2.4 Nickel alloy samples

Use nickel-based alloy samples with nickel mass fractions that are greater than’50-%.

8.2.5 C(Copper alloy samples

Use copper alloy samples with copper mass fractions that are greaterthan 50 % and zinc mass fractjions that
are greater than 30 %.

8.2.6 Titanium alloy samples

Use titarfium alloy samples with titanium mass fractions:that are greater than 50 %.

8.2.7 $ilicon samples

Use a neprly pure silicon sample, which may also be used to determine zero points for all analytés except
silicon.

8.2.8 ‘Iluminium alloy samples

Use alunpinium alloy samples wjith-aluminium mass fractions that are greater than 50 % and mgdgnesium
mass fraftions in the range 0,%%to 5 %.

8.2.9 High-oxygen samples

Use oxid¢ or oxide-hased samples with oxygen mass fractions that are greater than 10 %. Whenever|possible,
use samples withdthe same type of oxide as in the samples to be analysed.

8.2.10 High-carbon samples

Use cast-iron and/or tungsten carbide samples with carbon mass fractions in the range 2 % to 10 %. Silicon
carbide also works well, and its carbon content is about 30 %.

8.2.11 High-nitrogen samples

Use nitride or nitride-based samples with nitrogen mass fractions that are greater than 2 %.

1) SRM® is the trademark of a product supplied by the National Institute of Standards and Technology, Gaithersburg,
MD, USA. This information is given for the convenience of users of this document and does not constitute an endorsement
by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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8.2.12 High-hydrogen samples

Use hydride samples with hydrogen mass fractions that are greater than 2 %.

8.2.13 High-purity copper samples

Use a high-purity copper sample for which the total of the mass fractions of all other analytes is less than
0,001 %. This sample can also be used to determine zero points for all analytes except copper. The reason
to use these samples rather than pure iron is that copper has a spectrum dominated by just a few emission
lines and very low background levels in most parts of the optical spectrum.

8.3 Validation cnmp]nc

Validatidgn samples should be prepared in order to check the accuracy of the analytical results. The following

analysis|The thickness can be determined by optical microscopy.

8.3.3 xidized silicon wafers

Use oxid]zed silicon wafers with an oxide layer of the-thickness specified by the manufacturer.
NOTE These samples have a very high reflectiyity, which can result in an increased emission yield dup to back-
reflected [light from the sample surface. This results in an incorrect depth determination (too high). On the ofher hand,

optical interference in the transparent oxide.layer provide an alternative, more accurate method to detefmine the
oxide thigkness.

8.3.4 TiN-coated samples

Use metdllic samples coated with TiN, the thickness of the coating being as specified by the manufgcturer.

8.3.5 Anodized Al,03'samples

Use metallic samples<with anodized Al,03, the thickness of the anodized layer being as specifigd by the
manufacfurer.

8.3.6 TiO3-coated samples

Use metallic samples coated with TiO,, the thickness of the coating being as specified by the manufacturer.

8.4 Determination of the sputtering rate of calibration and validation samples

The term “sputtering rate” is understood here to be equivalent to the mass loss rate during sputtering in the
glow discharge. The term “relative sputtering rate” is understood here to be the sputtering rate of the sample
divided by the sputtering rate of a reference material sputtered under the same conditions. If the sputtered
areas of the sample and the reference sample are the same, then the relative sputtering rate is equivalent to
the relative sputtering rate per unit area. Proceed with sputtering rate determinations as follows:

a) prepare the sample surface in accordance with the recommendations of the instrument manufacturer
or using another appropriate procedure;
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b) adjust the glow discharge parameters to those selected in 6.2 or 6.3;

c¢) sputter the sample for a time estimated to result in a crater 20 pm to 40 pm deep, recording the total
sputtering time;

d) repeat c) several times if the sample surface area is sufficiently large, recording the total sputtering
time for each crater;

e) measure the average depth of each crater by means of an optical or mechanical profilometer device,
performing at least four profile traces in different directions across the centre of the crater, with a
profilometer having an accuracy in depth calibration of better than 5 %;

f) for

solute sputtering rates:

iy
2)

3)
4)
5)

g) forr
1y

2)

3)

4)

5)

The prof]

If laborakory means are available, measure the density of each calibration sample. A suitable mq
eous samples is sample mass divided by sample volume, where the sample volume is measured

homoger

by immdrsion of{the sample in water following the method of Archimedes. A pycnometer (a

vessel fo
determi

density dalculated from the sample composition as described in Annex A [see Formula (A.34)]. The

measure the area of at least one crater,

Calculate the sputtered volume of each crater according to the method given by)thé pro
manufacturer, when available with compensation for non-flat crater bottoms. Se¢@also NO'l

Calculate the sputtered mass as the volume multiplied by the density of the'sample,
Calculate the sputtering rate for each crater as the mass loss divided by the total sputterin
Calculate the average sputtering rate and the standard deviation fronithe measurements of ea
plative sputtering rates:

Calculate the sputtered mass per unit area for each cratép as the sputtered depth multipli
ensity of the sample,

livided by the total sputtering time,

choose a reference sample (iron or low-alley steel similar to NIST 1761 is recommen
measure the average sputtering rate perunit area for this reference sample as described 3
the calibration samples,

Calculate the relative sputteringrate for each crater as the sputtering rate per unit area d
'he average sputtering rate per unit area of the reference,

Calculate the average relative sputtering rate and the standard deviation from the measure
bach crater.

lometer should havean accuracy in the depth calibration of better than 5 %.

I measuring and comparing the densities of liquids or solids) can also be used for accurat
ation( Alternatively, the sample volume can be estimated from the sample dimension]

ilometer
'E 1.

b time,

ch crater;

bd by the

ralculate the sputtering rate per unit area for_each crater as the sputtered mass per yinit area

led) and
nbove for

vided by

ments of

rthod for

standard
e volume
s or the
Accuracy

of the measured or calculated density should be better than 5 %.

NOTE 1

NOTE 2

The true average sputtered depth is not exactly identical to the average depth of a line scan through the
centre of the crater, but an average of all data of the sputtered area. Techniques based on 3D measurements of the
crater volume have been developed, using advanced profilometer systems.

The sputtered mass can also be determined by weighing samples before and after sputtering.

However,

this requires the use of scales of extremely high accuracy, and the uncertainty in such measurements is generally
inferior to that with crater depth measurements. This procedure generally results in somewhat too low values for the
sputtered mass, since re-deposited material outside the crater is also weighed.
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NOTE 3  For calibration samples in the form of oxide and nitride films on a metal substrate, it is normally not possible
to determine the density and sputtering rate directly as described above. In such cases, first identify the oxide type
by available methods such as X-ray fluorescence spectroscopy (XPS) or X-ray diffraction (XRD), then use a tabulated
value for the density found in the literature (see also Table C.1). Determine the thickness of the oxide film by available
methods such as light optical microscopy (LOM), scanning electron microscopy (SEM) or transmission electron
microscopy (TEM). The sputtering rate is then determined from the time to sputter through the film, converted to a
mass loss rate.

NOTE4  The sputtering rates of certain RMs can be available from the instrument manufacturer or from the
scientific literature.

8.5 Emission intensity measurements of calibration samples

The prodedure for measuring the calibration samples is as follows.

a) Prepare the surfaces of the calibration samples in accordance with the instrument‘manufpcturer's
instfuctions. If such instructions are not available, dry grinding with 220 grit abrasiy&paper is usually
sufficient for any bulk sample. However, wet grinding may be beneficial. Wet saniple’s can be|dried by
thorpughly rinsing them with ethanol and then blowing the solvent away with ‘a’stream of inert gas,
such as argon or nitrogen. Be careful not to touch the sample surface with theZgas delivery tubg.

b) Adjust the source parameter settings to those selected in 6.2 or 6.3. Choose a preburn time ¢f 50 s to
200 k and a signal integration time of 5 s to 30 s.

c¢) Meapure the emission intensities of the analytes. The unit in whieh the intensities are giver is of no
impg¢rtance. Commonly used units are counts per second (cps)and volts (V). Measure each gample at
least two times and calculate the average values.

For caliTation samples in the form of oxide and nitride films-on a metal substrate, the intensitigs cannot
be measyired with a fixed preburn time. Instead, the samples must be run in depth profile mode, and a time
segment|of the layer with nearly constant intensities selected. The average intensity in this segment is used
for the calibration.

8.6 Callculation of calibration formulae

Perform [the calibration computations in accordance with one of the calculation methods specified|in either
A.2 or A]3. For all commercially available’GD-OES instruments, the software incorporates at leagt one of
these calculation methods. They are ‘all'based on the assumption that the previously mentioned pmission
yield is § matrix-independent qudntfity at constant source parameters(2l. The fact that there exist more
than ond¢ method based on this.assumption is mainly historical, detailed calculation schemes have been
developdd independently by several researchers. For the purpose of this document, no preference ig given to
a particylar calculation method.

Dependipg on the type‘of source, the mode of operation and the calibration samples chosen, the calibration
formulag for somegelements can show a large separation between samples of substantially |different
composition (“matrices”), e.g. between steels and aluminium alloys. This separation is proof of a diifference
in emissjon yield, and has been shown to be well correlated to matrix-dependent variations in fthe glow
discharge plasma impedance. If some facility is provided by the instrument manufacturer to minimize this
effect, it|should be used. Otherwise the solution is to choose calibration samples which most resemble the
samples to be analysed.

8.7 Validation of the calibration

8.7.1 General

Carry out the following procedure immediately after calibration in order to confirm that the calibration
formulae are accurate. This process is called validation of calibration (see the Note). It is not necessary to
validate the calibration every time a new sample is analysed. A related procedure (verification) shall be used
on a more routine basis to check for instrument drift over time, as described in 8.8.
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Two validation procedures are included in this clause. The first procedure (see 8.7.2) makes use of bulk
reference materials and the second (see 8.7.3) employs metal oxide reference materials. Such metal oxide
reference materials are often difficult to obtain. As a result, the validation procedure described in 8.7.3 is
optional.

NOTE Validation is the confirmation, through the provision of objective evidence, that the particular requirements

for a specific intended use or application have been fulfilled (cited from ISO 9000:2015, 3.8.13). Validation of a method
is defined in ISO/IEC 17025:2017, 7.2.2. Validation of the calibration is analogous to it (see the NOTE in 8.8).

8.7.2 Checking analytical accuracy using bulk reference materials

a) Select, in accordance with 8.2, an appropriate number of bulk reference materials to be used for
validation of the calibration.

b) Meajure the emission intensities of these validation samples under the same source ¢onditions and
using the same preburn and integration times as selected for calibration. At least threé ind¢pendent
burr}s shall be made on each sample, using a freshly prepared surface for each burn.

c¢) Compute the average mass fractions of the analytes for each validation sample, based yipon the
califjration formulae.

d) Conflirm that the average mass fractions of the analytes measured in thi§ way agree with known values
to wijithin appropriate statistical bounds. If statistical disagreement is.found, the disagreement shall be
inveptigated. It can be necessary to repeat the calibration.

8.7.3 (Checking analytical accuracy using metal oxide reference’'materials
a) Follgw the instrument manufacturer's instructions for setting up the depth profile analysis.
b) Use the same source operating parameters as those 115ed to establish the calibration.

c) Sputter each metal oxide reference material for @sufficiently long time to ensure that the metal oxide is
completely removed, and sputtering has continued well into the substrate.

d) Follgw this document for calculating the.relationships intensity versus time (qualitative) and mass per
cent|versus depth in micrometres (quantitative). Most GD-OES instruments are equipped with poftware
thatwill automatically calculate theserelationships at the end of each analysis.

e) ComEute, asdescribed in 10.3, theaverage mass fractions of the metal and oxygen for each validation sample.

f) Compute, as described in 10.2; the metal oxide depth.

g) Conflirm that the average/mass fractions of the metal and oxygen, as well as the oxide depth measured in
this way, agree with\known values to within appropriate statistical bounds. If statistical disagreement
is foyind, the disagkeement shall be investigated. It can be necessary to repeat the calibration.

h) Ifagrofilométer is available, a one-time verification of the depth calculation can be made. If thejassigned
valug, caleulated value and profilometer value agree within appropriate statistical bounds, [then the
calihratien formulae are acceptable.

i) Ifthe validation is not successful, repeat the calibration.

When the calibration formulae are properly adjusted, the accuracy of the mass fractions and the depth axis
will be ensured.

8.8 Verification and drift correction

The analytical response of a spectrometric instrument can drift over time. Even if the instrument has just
been calibrated and validated, it is necessary to verify that the calibration formulae are still in control prior
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to determining unknown samples in each working day or shift. If the instrument manufacturer has not
provided a procedure for calibration verification, then the following procedure shall be performed.

a) Select a limited number of homogeneous test samples to be used for verification of the calibration.
These samples should ideally have compositions that cover the relevant range of mass fractions of the
elements to be analysed.

b) Measure the emission intensities of these samples under the same discharge conditions and using the
same preburn and integration times as selected for calibration. At least two independent burns shall be
made on each sample, using a freshly prepared surface for each burn.

c¢) Compute, using the calibration formulae, the average mass fractions of the analytes for each sample.

d) Conflirm that the average mass fractions of the analytes measured in this way agree with knovin values
to wjthin appropriate statistical bounds. If statistical disagreement is found, carry out a driftc¢rrection
by shifting the calibration formula or correcting the emission intensities, as specified by the ingtrument
manpfacturer.

It is recommended that a verification sample be analysed after drift correction to prove the accurgcy of the
calibratipn formulae.

NOTE Verification is the confirmation, through the provision of objective evidence, that specified reqiirements
have beey fulfilled (see ISO 9000:2015, 3.8.12 and the NOTE in 8.7.1).

9 Angdlysis of test samples

9.1 Adjusting discharge parameters

Adjust, ap closely as possible, the source controls to give the’same discharge conditions as those usgd during
calibratipn of the analytical method.

9.2 Sefting of measuring time and data acquisition rate

Care shall also be taken to select a total measuring time and data acquisition rate suitable for the type of test
sample analysed. In the software of all commercially available GD-OES systems, there are flexible provisions
for variafion of the acquisition rate; in most cases, the measuring time can also be subdivided intofsections
with different data acquisition rates,.The acquisition rates are determined from the time needed tp sputter
through [the typical thickness of.the oxide layers of the samples. It should be noted that a very high rate
results in very short integration‘times, leading to more noisy signals. As a general recommendatiop, a layer
or other|feature in the depth.profile should include at least 10 data points. It is often advisable o have a
subdivisjon of at least two\time intervals, using a high acquisition rate initially in order to resolve rapidly
changing features in the\tep surface layer, then to decrease the rate in order to improve the signaltto-noise
ratio of the signals.

As an example, if the sample has a very thin oxide layer of thickness 5 nm and the sputtering rate is[50 nm/s.
It is advisable;to maintain a high acquisition rate to a depth at least twice the layer thickness, in fhis case
10 nm. Thjs means malntamlng a high acqulsltlon rate for at least O 2 s and collecting at least 20 d
during thi
second. Because the depth resolution deterlorates with sputtered depth the acquisition rate can be
successively decreased without loss of depth information. The most suitable settings have to be determined
for each application.

9.3 Quantifying depth profiles of test samples

Calculate quantified depth profiles, using the calibration formulae established in accordance with A.7, in
accordance with one of the calculation procedures described in Annex A.
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In order to determine the thickness of the oxide film accurately, it is often advisable to use special techniques
to determine the density of the oxide, based on tabulated values of pure oxides. Two alternative techniques
for doing this are described in A.8.

10 Expression of results

10.1 Expression of quantitative depth profile

An example of a quantitative depth profile is shown in Figure 3.
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Figure 3 — Quantitative depth profile of an oxide on an annealed cold-rolled steel

10.2 Ddterminatiofnof metal oxide mass per unit area

In cases|where-thé metal oxide layer consists entirely of elements which are also present in yery low
concentrfations’in the substrate material (e.g. titanium oxide on a steel substrate), the metal oxid¢ mass is
calculatddibyintegration of the depth profile for each element, using the relevant algorithms given|in A.6 or
A.7. Itis mportanttocarryout the ntegration forelenrents presentin theoxide Uuly.

The following general recommendations are given for the determination of the integration depth.

a) Define the metal oxide thickness as the distance from the surface to the depth at which the mass fraction
of the major metallic element is reduced to 50 % of the “plateau” value in the metal oxide.

b) Define the width of the interface as the difference between the two points in depth where the mass
fractions of the major metallic element are 84 % and 16 % of the “plateau” value in the metal oxide.
The “plateau” value will have to be estimated by the analyst in cases where the oxide is not quite
homogeneous or is very thin.

c) Take as the integration depth the sum of the metal oxide thickness and the interface width.
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In cases where the major metallic element of the oxide is the same as that of the substrate (e.g. iron oxide
on a steel substrate), the metal oxide mass is calculated by integration of the depth profile for each element,
using the relevant algorithms given in A.6 or A.7 and in ISO 16962:2017, C.2 (method 1). It is important to
carry out the integration for elements present in the oxide only.

Alternatively, by determination of the oxygen mass per unit area, the total oxide mass per unit area can
usually be estimated from the composition of the oxide.

NOTE

The composition and density of several common metal oxides are given in Annex C.
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Annex A
(informative)

Calculation of calibration constants and quantitative evaluation
ofdepth profiles

Al SYﬂii'ﬁula

A.1.1 Symbols used generally in this annex

Aj atomic fraction of element i in segment j

Ap area of sputtering crater on sample D

I emission intensity at wavelength A of element i

Igy average background intensity at wavelength A;

M;p; sputtered mass per unit area of element i in segment j of sainple D
Mot total sputtered mass per unit area in segment j

ril/{ regression parameter in the calibration function

S; current in segment j

S0 reference current given by the instrument manufacturer
Scal current used for the calibration of the method

U; voltage in segment j

Uy threshold voltage for sputtering

Up voltage recorded fercalibration sample D

U,y average voltage-recorded for the set of calibration samples used
Ucal voltage used-for the calibration of the method

Wip mass fraction of element i in sample D

Wip; mass fraction of element i in depth segment j of sample D
W; atomic mass of element i

Z; thickness of segment j

Ay time increment corresponding to depth segment j

p; density of pure element i

p; density of segment j
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A.1.2 Symbols used in A.2 and A.6 concerned with relative sputtering rates

B, spectral background term at wavelength A, expressed as a mass fraction

By el related spectral background term at wavelength A, expressed as a mass fraction

en constant describing the degree of non-linearity for element i at spectral line A

ki, constant factor derived from the inverse emission yield (of element i at spectral line A) divided

by the relative sputtering rate

qp sputtering rate, expressed as a mass loss rate per unit area, of sample D

Qref sputtering rate of a reference sample (e.g. pure iron)

dp; sputtering rate, expressed as a mass loss rate per unit area, in segment j of sample D
R;; inverse emission yield of element i at spectral line A

Fia emission yield of element i at spectral line A

A.1.3 Symbols used in A.3 and A.7 concerned with absolute sputtering rates

B; spectral background term at wavelength A, expressed as amass fraction multiplied by tHe sample
sputtering rate

Brel related spectral background term at wavelength A;;expressed as a mass fraction

e constant describing the degree of non-linearityfor element i at spectral line A

ki, factor derived from the inverse emission yield divided by the sputtering rate

an sputtering rate of sample D

an; sputtering rate in segment j of sample D

R, inverse emission yield of element i at spectral line A

%R emission yield of elemént i at spectral line A

A.2 Calculation of calibration constants using relative sputtering rates

Calibratipn is conducted Wsing one of the following formulae:

Wip X(qp /qrer) ERip X113 — By A1)

or

Wip =Ri3 X1 X(Gref /D )~ Brel (A.2)
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is the mass fraction of element i in sample D;

qp/q.ef is the sputtering rate of sample D relative to that of a reference sample;

dp

is the sputtering rate expressed as the mass loss rate per unit area of sample D;

is the sputtering rate expressed as the mass loss rate per unit area of a reference sample;

is the inverse emission yield of element i at spectral line A ;

B/\rel

Aref

The inve

Ry 7

where th

xi.

1
I, being
The two

B Arel

These fo
second-g

and (A.2]

| can be expressed, with'suich second-order terms, as shown in Formula (A.6) and (A.7), resp
2

(p /drer ) = Riz XLip iz X 17 —B;, (
2

:=Rift Xliﬂ. ><(qref /qD ) +ei/'L ><Ii/'L ><(qref/qD )_Blrel (

ratla H H 1ok i £ .1 g o4 4 11: |
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is a spectral background term at wavelength A;

is a different but related spectral background term at wavelength A whichois expr
Formula (A.2), as a mass fraction and is often referred to as the “background equiva
centration”.

gp  is equal to 1/(qp/q,.) and is called the sputtering-rate correction factor.

Fse emission yield is related to the emission yield, %;, , by

:1/(qref><9fiﬂ,) (
e emission yield is defined as
E(Iil_IB/l)/<WiDXQD) (

the averaged spectral background intensityat wavelength A.

spectral background terms are related, by

:(qref/qD)XB/l (

‘mulae can conveniently beantedified to non-linear calibration curves, for example by incor
rder and higher-order terms. To illustrate such non-linear calibration curves, Form

essed, in
lent con-

A.3)

A.4)

A.5)

porating
ila (A.1
ectively:

A.6)

A.7)

where ¢,

The actual calibration constants shall be obtained by regression analysis of the calibration data using a
least-squares-fit algorithm.

The parameter q,.¢ is normally selected as the sputtering rate per unit area of some frequently used base
material for calibration standards, e.g. low-alloy steel. This has the effect that, for several steel-based
calibration samples, the relative sputtering rates and the sputtering rate correction factors are both close to
unity and insensitive to the plasma conditions.

The spectral background terms in Formula (A.1) and (A.2) are not true constants, but are more or less
matrix-dependent. In practical work, it is always advisable to select the lowest measured intensity as the
fixed background for each spectral line.
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All commercially available instruments manufactured today have provisions for subtraction of additional
background signals from those of other analyte elements (line interference corrections). Where applicable,
such corrections should be implemented.

A.3 Calculation of calibration constants using absolute sputtering rates

Calibration is conducted using one of the following formulae:

wip Xqp =Rjy xI; =B}, (A.8)

or

wip £ Rz 13 /ap = Bjrel A.9)

where

w;p | is the mass fraction of element i in sample D;

a0 is the sputtering rate, expressed as the mass loss rate, of sample D;

R{, | isthe inverse emission yield of element i at spectral line A;

I | isthe emission intensity of element i at spectral line A;

B; | is a spectral background term at wavelength A which“thay be treated as a constant or gs a more
complex function, expressed as a mass fraction multiplied by the sample sputtering rate, provided
by the manufacturer;

Bj.e| isadifferentbutrelated spectral background terni at wavelength A which is expressed, in Fornpula (A.9),

The invefse emission yield is related to the enission yield, 9/, , by Formula (A.10):

where tHe emission yield is defined as Formula (A.11):

I, being|the spectral background intensity at wavelength A.

The two

’
B Arel

Ry =[L/ 9% (A

Rij = (Ii)._IB/l)/(WiDqu,)) (A

as a mass fraction, is often referred to as the “background equivalent concentration” an
treated as a constant or as a more complex function provided by the instrument manufa

spectral background terms are related by Formula (A.12):

=B} fap (A

d may be
cturer.

10)

11)

12)

These formulae can conveniently be modified to give non-linear calibration curves, for example by
incorporating second-order and higher-order terms. To illustrate such non-linear calibration curves,
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Formula (A.8) and (A.9) can be expressed, with such second-order terms, as shown in Formula (A.13)

and (A.14), respectively:

’ ’ ’ 2 ’
wip Xqp =Ry X1, +ej X1 — By

and

’ ’ ’ 2 ’ ’
wip =Ry xI;; [ap +ej Xli/l/qD ~Bijrel

where e;; is a factor describing the degree of non-linearity.

The acty

(A.13)

(A.14)

least-squares-fit algorithm.

The spedtral background terms in Formula (A.8) and (A.9) are not true constants, but arecgerierall

depende

ht. In practical work, it is always advisable to select the lowest measured intensity as

backgrouind for each spectral line.

All commercially available instruments manufactured today have provisions for’subtraction of a
backgroyind signals from those of other analyte elements (line interference cerrections). Where applicable,

such cor

Fections should be implemented.

A.4 Cqrrection of elemental intensities and sputtered.mass for variations in
discharge parameters

A.4.1 General

Most co
Sputtere

mmercial instruments have provisions for correcting the measured elemental intens

al calibration constants shall be obtained by regression analysis of the calibration data using a

y matrix-
the fixed

dditional

ties and

d mass for deviations from the source discharge parameter settings used in the calibration. For

thin oxide layers (<100 nm), it is recommended thatsuch corrections be used, since the sputtering of very

thin laye

These corrective calculations exist in two forms as described below.

A.4.2 (orrection of elemental intensities based on tabulated constants for discharge

rs occurs at least partly in a short time,iiterval when the discharge parameters have not stabilized.

parameters
For each|element, i, and spectral line, 4, in segment j of the depth profile, calculate the corrected intensity,
I{3 , using Formula (A.15):
s VA
1;1=(—’J x f (U 4.15)
So
where
a, is a factor characteristic of spectral line A;

f(Uj) is the value in segment j of a polynomial function (of degree 1 to 3) of the vo

Sj

So

characteristic of spectral line A;
is the current in segment j;

is the reference current given by the instrument manufacturer.

ltage, U,

Tabulated values of the exponential constant, a,, and the polynomial coefficients for f(U) are usually given

by the m

anufacturer of the instrument.
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The corrected intensity, I;; , is then inserted in Formula (A.8), (A.9), (A.13) and (A.14) instead of I;;.

NOTE

The exponential constant, a;, and the polynomial coefficients for f(U) are instrument-independent
constants characteristic of each spectral line.

A.4.3 Voltage correction of the emission yield in the calibration function

Since the variations in voltage and current are interdependent expressions of the plasma impedance at
constant pressure, a correction can be based on just one of these parameters if the source is operated at
constant pressure. A method of correction of the emission yield for voltage in the calibration function is to

introduce a voltage dependence in the inverse emission yield in accordance with Formula (A.16):

Ri”l ::1+rili (Up _Uav) (A.16)
where

,«il/{ is a regression parameter in the calibration function;

Up |is the voltage recorded for calibration sample D;

U,, |is the average voltage recorded for the set of calibration samples used.
This type of formula is known as a “multiplicative” correction, and it appears in the calibration fungtion as a
type of “Inter-element” correction where the voltage is treated as an‘additional element.
Since thif voltage correction is implemented in the calibration function, no further calculation step need be
added to|those described below.
The reqyirements for implementing the voltage correctiomare that:
a) the dource be operated at constant pressure;
b) eithgr the DC bias voltage or the applied voltage be measured during calibration and analysis;
¢) asufficient number of calibration samplés giving substantial variation in the operating voltage be used

for cplibration.
NOTE The regression parameter, ril}{, is only valid for a specific calibration (method) and cannot be transferred
between |nstruments.
A.4.4 (orrection of sputtering rate for variations in discharge parameters
If corrections for intersity variations are carried out in accordance with A.4.2, it is necessary to|make an
additiongl correctionfor variations in sputtering rate due to the variations in the discharge parameters. For
each segment, j, af the depth profile, calculate a corrected sputtering rate, g,.¢, of the reference gample in
accordarjce with.Formula (A.17):

, LS (U;=Ug )
Qref =— | ————— (A.17)
Scal Ucal - UO

where

Scal is the current used for the calibration of the method;

U., 1is the voltage used for the calibration of the method;

U, isthe threshold voltage for sputtering.
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The corrected sputtering rate of the reference sample, g, is then inserted into Formula (A.20) and (A.22)

below instead of q,..¢

A.5 Correction of emission yields due to the influence of hydrogen

A.5.1 General

If presentin sufficient quantity in the glow discharge plasma, hydrogen has a strong influence on the emission
yields of several spectral lines of analyte atoms. This will affect the measured intensities of these spectral
lines. For thin oxide layers (<100 nm), it is recommended that this effect be corrected for, since several oxide

types c

ntain hvdrngnn Ar]ﬂlhnn:\"v other rnmhnnnr]c r‘nnfnlnlng hvdrngnn ﬁ/\rnfnr hwr]rnr':\r}*

ons) are

released
calculati

A.5.2 (
tabulat

For each
using Fol

IHref

The corr
Sputtere

NOTE
depends
the same

A.5.3 |

A multig
accordar

R ¥

from the interior walls of the glow dlscharge source when the plasma ignites. These G
bns exist in two forms as described below.

orrection of elemental intensities based on reference hydrogen intensity and
pd constants

spectral line, A, of element i in segment j of the depth profile, calculate the)corrected inten

'mula (A.18):

, I
Iip exp[b,ll f ] (A
Href

is a constant characteristic of spectral line 4;
is the observed hydrogen emission intensity;

is the hydrogen emission intensity from.areference material, e.g. a TiH, layer or a specif
polymer.

ected intensity, I7;, is then insertéd instead of I;; or I;; in the calculation of mass fract
l mass as described in A.6 to A%

The constant b, is an instrument-independent number characteristic of each spectral line. Howey

reference material for medsuring Iy;..; on both instruments.

lydrogen correction of the emission yield in the calibration function

licative correction of the emission yield for hydrogen is inserted in the calibration fu

ce with Forimula (A.19):

H
riad ¥¥ Iyp ) (A

brrective

sity, 17y,

18)

c type of

ions and

rer, it also

n the reference intensity,fj; ¢ This means that transferring constants between instruments requires use of

ction in

19)

where

H
Tia

IHD

is a regression parameter in the calibration function;

is the hydrogen intensity recorded for calibration sample D.

Since this correction is implemented in the calibration function, no further calculation step need be added to
those described below.

The requirements for implementing this hydrogen correction are that

a) the set of calibration samples shall include at least one sample with substantial hydrogen content;
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b) regression parameters, r,-?, can only be determined for elements present in substantial content in the
hydrogen-rich samples.

NOTE The regression parameter, rig, is only valid for a specific calibration (method) and cannot be transferred
between instruments.

A.6 Calculation of mass fractions and sputtered mass using relative sputtering rates

A.6.1 General

The calcplation of elemental mass fractions and sputtered mass can proceed in accordance withh various
different] sets of algorithms described below, depending on the calibration function used. The fingl results
are equiyalent, however.

A.6.2 (alculation based on the relative elemental sputtering rate

If a caliEration function based on Formula (A.1) was used for calibration,-carry out the fpllowing
calculatilon steps.

For each[segment, j, of the depth profile, calculate from the calibration function'the quantity [w;p x (qp/qef)]
jfor eaclf element, i, of sample D. This quantity is called the relative elemental sputtering rate.

Provided that the sum of all the elements determined constitutes more than 98 % of the material analysed,
calculatq the relative sputtering rate, (qp/qyr); of segment jcof/the depth profile of sample|D using
Formula|(A.20):

(qD qref)j =Z|:Wli(qD/qref ):Ij/lOO (A.20)

1

The masp fraction, w;p,, of element i in segment j of sample D is given by Formula (A.21):

WiDj — [WiD X(QD /Qref )]j/(CID /qref )j (A-Zl)

where wfDj is expressed in per cent.

The tota| sputtered mass per unit area, my, in segment j and in the corresponding time increment, At is
given by[Formula (A.22):

Mjtot) = ref X(4p / Gref )j ><Atj (Al.22)

A.6.3 (alculationbased on the mass fractions of the elements

If a caliEration function based on Formula (A.2) was used for calibration, carry out the following
calculatipn steps:

Provided that the sum of all the elements determined constitutes > 98 % of the material analysed, the mass
fraction, wip; of efement 7 imsegment; of sampte D; expressed i per cent; 15 givern by Formuta {A=23):

(ki/'L ><Ii/'L _Bitrel )j
Wipj =
D (kixxlip =Bjrel);
i

where k;; is equal to R;y x (q.¢/qp)-

x100 (A.23)

NOTE Formula (A.23) incorporates a normalization of the sum of all the mass fractions to 100 %.

If non-linear calibration curves are used, replace the linear functions shown in Formula (A.23) by the
corresponding non-linear functions.
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For each segment, j, of the depth profile of sample D, calculate the sputtering rate per unit area, qp;, using

Formula (A.24):

QDj =ref Xz(ki/l ><Ii/l _B/lrel )/100 (A'24)
i

For each segment, j, and corresponding time increment, At;, of the depth profile of sample D, the sputtered
mass per unit area, myp, of element i is given by Formula (A.25):

The total sputtered mass per unit area, m;;,, in segmentj is given by on Formula (A.26):

Mitot :ZmiDj (A426)
i

A.7 Calculation of mass fractions and sputtered mass using absolute sputtering rates

A.7.1 (eneral
The calcplation of elemental mass fractions and sputtered mass can progeed in accordance with various

different] sets of algorithms described below, depending on the calibration.function used. The final results
are equiyalent, however.

A.7.2 (alculation based on elemental sputtering rate

If a caliEration function based on Formula (A.8) was used for calibration, carry out the fpllowing
calculatipn steps.

For each| segment, j, of the depth profile of sample D,scalculate from the calibration function the|quantity
(w,-D Xqmn )], for each element, i. This quantity is the elemental sputtering rate.

Provided that the sum of all the elements deterniined constitutes >98 % of the material analysed, falculate
the sputfering rate, q,'Jj , of segment j of the depth profile of sample D using Formula (A.27):

abj 7 2. (Wipxdp); /100 @al27)

1

The masp fraction, w;p; of elemefityin segment j of sample D is given by the following formula:
Wipj :(WiD Xqp )]- /Qf)j (A[28)

where w| pj I expressed-in per cent.

The total sputtered mass per unit area, mj,,, in segment j and in the corresponding time incremgnt, A is
given by|the following formula:

Mt oy =ql/1}' XAt}' I/An (Al.29)

where Ap) is the area of the crater on sample D.

A.7.3 Calculation based on mass fractions of the elements

If a calibration function based on Formula (A.9) was used for calibration, carry out the following
calculation steps.
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Provided that the sum of all the elements determined constitutes > 98 % of the material analysed, calculate
the mass fraction, Wipj» of element i in segment j of sample D, expressed as a mass fraction in per cent, using

Formula (A.30):
(kiz x1ip =B;);

Wipj = ; ;
D (ki xly —Bj),;

1
where k;; isequalto R{; /qp -

%100 (A.30)

NOTE Formula (A.30) incorporates a normalization of the sum of all the mass fractions to 100 %.

If non-linear calibration curves are used, replace the linear functions shown in Formula (A 30Q) by the
correspdnding non-linear functions.

For each|segment, j, of the depth profile, calculate the sputtering rate, q]')]- , using Formula (AG31H):

an; 3 O, (kiz xI; —B}) /100 (4:31)

i
For each|segment, j, and corresponding time increment, A, of the depth profilectie sputtered mass, m;p; of
element [ is given by Formula (A.32):

The tota] sputtered mass per unit area, m;, in segment j is given by Formula (A.33):

i

A.8 Calculation of sputtered depth

A.8.1 General

The analytical method described in this ddcument determines the sputtered mass and mass fractions of
each ele{lent. To determine the sputtered depth, the density of the sputtered material has to be known. For

the matdrials considered here, it can e estimated from the elemental composition and the densit]es of the
pure elements.

There are two existing methods for calculating the sputtered depth, either of which can be utilizgd for the
purposes of this analytical method.

A.8.2 (alculation based on constant atomic volume

For each|segmentyy,'of the depth profile of sample D, calculate the density, Pj using Formula (A.35):

w

al34)

iDj
i

pj=100/z ;

where pi is the density of the pure element i.

For each segment, j, of the depth profile, calculate the thickness, z;, of that segment using Formula (A.35):

m:
zj=—t" (A.35)
pj*XAp

The total depth is determined by summing z; over j using Formula (A.35). Though not strictly necessary, it is
interesting to also calculate the sputtering rate per unit area in segmentj by dividing m,, by At;.

© IS0 2025 - All rights reserved
29


https://standardsiso.com/api/?name=c4a045818c311610bd072180506ca50b

ISO/TS 25138:2025(en)

An alternative to utilizing a known value of the oxide density is to calculate the quantity p, as Formula (A.36):

Po =wop; /(100/p; —w,p,; /p;) (A.36)

where

Wop, is the mass fraction of oxygen in the oxide in segment j of sample D;

Pj
Wipj

Pi

Values of p, for several oxides are given in Annex C. If the spectrometer software has provision’s fo

input of

is sputtefed.

A.8.3 (alculation based on averaged density

is the density of the oxide in segment j;

is the mass fraction of pure metal element i in the oxide in segment j of sample D;

is the density of pure metal element 7 in the oxide.

lensity, insert the relevant value of p, obtained from Formula (A.36) in the timeGnterval

For each| segment, j, of the depth profile of sample D, calculate the atomic fraction, 4;, of each e
using Fofmula (A.37):
4; = Wiy /W) Al

where W, is the atomic mass of element .

For each
Pj=

For each

determined by summing z; over the range-ofvalues of j that are of interest.

D (Win /W;)

i

segment, j, of the depth profile, calculate the estimated density, p;, using Formula (A.38):

segment, j, of the depth profile, calculate the thickness, z;, using Formula (A.35). The total

D 4;xp; (Al
i

r manual
he oxide

ement, I,

37)

38)

depth is
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