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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is 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.
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Introduction

This document was developed to provide a general method for operators of electron probe
microanalysers (EPMA) to perform the most complete and reliable instrument diagnostic routine
possible in the smallest amount of operator time, instrument time and analysis time. Performing this
procedure on their instruments at regularly scheduled intervals will allow the operator to track the
quality of an instrument’s elemental qualitative and quantitative performance, and alert the operator of
the need for instrument service and calibration shortly after it fails to meet its operating specifications
for measurement uncertainty. With equal application of this document to the diagnostics procedure
of multiple instruments in a single laboratory, or even multiple instruments managed by different

oper

perfgrmance comparison, facilitating analytical reproducibility.

The

tors 1n separate laboratories, analysSis results can be normalized between istrume

thief product of an analytical laboratory quality assurance (QA) program, ultimately, i

ts using the

5 confidence

- confidence that the analysis of any specimen sent to any laboratory participating in the program

will

spec
tests
In th
the 1
mou
X-ray
drive

components can fail independently of the others, and many such failures will not be noti

meas
any (
poss
perfd
refern

mens performed by any other laboratory in the program. In order to maximize confid

e context of EPMA, this means testing not only the stability of the\eléctron gun and th
hoton counters, but also the functionality of every component-of each wavelength sj

s, the mechanical components that switch the spectrometer from one crystal to anof
mechanisms that scan the crystal through a spectral.zegion of interest. Since these s]

urements, a complete QA test will include materialsthat generate X-ray lines that span
liffracting crystal and methods to properly analyse them. It will therefore generate th
ble information on the instrument’s functional integrity. From this information,
rmance can be optimized, thereby obtaining-maximum analytical confidence. The pro

ence material attributes outlined in this-document are designed to achieve these goald.

be consistent, correct within tolerance and interchangeable with equivalént analysés of related

ence, the QA

and test materials chosen should evaluate the broadest possible rangelof instrument finctionality.

b function of
pectrometer

nted to the system. This includes the numerous types of diffracting crystals that dlisperse the

her, and the
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ceable in all
the range of
e maximum
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Microbeam analysis — Electron probe microanalyser
(EPMA) — Guidelines for performing quality assurance

procedures

1 Scope

Thisdocument provides guidelines for performing routine diagnostics and quality assuranee
on electron probe microanalysers (EPMA). It is intended to be used periodically by~an i
operfptor to confirm that the instrument is performing optimally, and to aid in troubleshd

procedures
nstrument’s
oting if it is

not. |t covers the properties of reference materials required and the analysis procedures necessary to

independently test and fully evaluate the functionality of the main components\afan EPMA

system.

The gnalytical procedure described herein is distinct from single-elementdjagnostic procedlures, which

can lpe performed more rapidly. Such procedures are valid for the diffractor position an
under which the test is performed, whereas the procedure describéd herein is intended ¢t
instrjument’s capabilities for exploratory analysis of unknowns, trace analysis and non-r
(such as peak interferences).

This|{document is applicable to EPMA and other wavelengthidispersive spectrometer (WDS
which elemental identification and quantification are performed by analysis of the energy a
of the characteristic X-ray lines observed in waveledgth-dispersed X-ray spectra. It is

 conditions
0 qualify an
butine work

) systems in
nd intensity
not directly

heir content
applies. For
hts) applies.

cification of

ysis for bulk

(I associated

applicable to elemental analysis using energy dispersive spectrometry (EDS).

2 Normative references

The following documents are referred to'in the text in such a way that some or all of t
constitutes requirements of this document. For dated references, only the edition cited
undgted references, the latest edition of the referenced document (including any amendme
IS0 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics

ISO 14595, Microbeam analysis — Electron probe microanalysis — Guidelines for the sp4
certified reference materials (CRMs)

ISO 22489, Microbeain analysis — Electron probe microanalysis — Quantitative point anal
specimens usingwavelength dispersive X-ray spectroscopy

[SO 43833, Microbeam analysis — Electron probe microanalysis (EPMA) — Vocabulary
ISO/1EC.Guide 99, International vocabulary of metrology — Basic and general concepts an
term (Y710

S v1TLy

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC Guide 99,
[SO 23833 and the following apply.

ISO 3534-2,

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

© ISO 2018 - All rights reserved
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obe microanalyser

instrument for carrying out electron-excited X-ray microanalysis

Note 1 to entry: This instrument is usually equipped with more than one wavelength spectrometer and an optical
microscope for precise specimen placement.

[SOURCE: IS

3.1.1
electron pr.

0 23833:2013, 3.2]

obe microanalysis

EPMA

technique of spatially-resolved elemental analysis based upon electron-excited X-ray speetrometry

with a focus
dimensions

[SOURCE: IS

3.2
wavelength
WDS
device for d4
is based upq
of the atom
angle at whi

Note 1 to ent
diffraction af]

[SOURCE: IS

3.3

diffracting
dispersion
X-ray scatte
of atoms obf

Note 1 to ent
“dispersion {
intermingled|

[SOURCE: IS
3.3.1

lithium flu¢gride

LiF

sed electron probe and an electron interaction volume with micrometer to sub‘micron

0 23833:2013, 3.1]

dispersive spectrometer

btermining X-ray intensity as a function of the wavelength ofthie radiation, where separ
n Bragg's law, nA = 2dsinf, where n is an integer, A is the’X*vay wavelength, d is the sp
planes of the diffracting crystal or the repeated layersief a synthetic diffractor and 6 i
ch constructive interference takes place

ry: This definition excludes the recent technological development of WDS spectrometers bas
gratings, which are not as yet in widespread use.

0 23833:2013, 4.6.14, modified — Note 1 to entry replaced.]

crystal

element
ring element in a wavelength-dispersive X-ray spectrometer, consisting of a periodic §
ained either in a natural ¢rystal or in a synthetic multilayer

ry: For the purposes of this document, the term “diffracting crystal” is used rather than the
lement” in order to@void confusion when discussion of components of X-ray energy analys
with discussion af.chemical elements from the periodic table.

0 23833:2013;4.6.14.3, modified — Note 1 to entry has been added.]

neter

htion
hcing
s the

ed on

\rray

term
ers is

diffracting d

rycf:ﬂ fpnhlring 2d Qpnr‘ing of 0402 8 nml4]l used in WDS for dicpprcinn nFY-rnyc

Note 1 to entry: This can also sometimes be written as LiF(200) to denote the most common crystallographic
orientation of LiF used. However, it is also available in other less commonly used orientations that feature
different 2d spacings; for example, the [220] orientation has a 2d spacing of 0,284 8 nm. Additionally, some
instruments could utilize LiF in the [422] or the [420] orientation. If the orientation is not stated, the [200]
orientation is assumed. All orientations are typically used to disperse short wavelength/high energy X-rays.

3.3.2

pentaerythritol

PET

diffracting crystal featuring 2d spacing of 0,874 2 nml[4] used in WDS for dispersion of X-rays

Note 1 to entry: PET is typically used to disperse intermediate wavelength/intermediate energy X-rays.

© ISO 2018 - All rights reserved
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3.3.3
thallium acid phthalate

TAP

diffracting crystal featuring 2d spacing of 2,59 nml[4] used in WDS for dispersion of X-rays

Note

1 to entry: TAP is typically used to disperse long wavelength/low energy X-rays.

3.34

layered synthetic microstructure
multilayer diffracting element engineered to feature an arbitrary 2d spacing used in WDS for dispersion
of X-rays

Note
X-ray)|

3.4

peal
peal
spec

Note
descr
ordeq
to pr
butd

3.5
peal
time

3.6
peal;

mean rate at which characteristic peak Xstays are collected by the detector at the peak ene

3.7
back
backK
back
spec
an eg
from

Note
on eq

Note
descr

s in the light element region of the spectrum inaccessible by TAP.

[ energy
 wavelength
f'rometer position or channel at which the characteristic peak intensity is measured

1 to entry: Due to X-ray counts originating from higher-order Bragg-reflections, both of
reflections and the principle first-order reflection simultaneously. Pulse filtering electronic

pferentially distinguish X-rays at the wavelength or energy ofinterest; in practice, such stra
b not eliminate spurious counts.

[ counting time
spent measuring X-ray emission at a given characteristic peak energy

[ counting rate

ground reference

ground reference energy

ground reference wavelength

frometer position orgchannel at which the continuous background radiation is meas

characteristic photoemission

ch side of th& characteristic peak of interest.

2 to ‘entry: Due to X-ray counts originating from higher-order Bragg reflections, both off

1 to entry: layered synthetic microstructure is typically used to disperse long wavelengtlll/low energy

these terms

ibe the measurand but not the actual measurement; an EPMA instnument counts X-rays from the higher-

b can be used
regies reduce

24

ired so that

timate can be made-of what portion of the measured intensity at a characteristic peak originates

1 to entry: Multiple background positions are typically chosen to improve the estimate; ofter, at least one

these terms

order

reflections and the principle first-order reflection simultaneously. Pulse-filtering electronic

can be used

ib€ the measurand but not the actual measurement; an EPMA instrument counts X-rays fr011:1 the higher-

to preferentially distinguish X-rays at the wavelength or energy of interest; in practice, such strategies reduce
but do not eliminate spurious counts.

3.8

background counting time

time

39

spent measuring X-ray emission at a given background energy

background counting rate
mean rate at which continuum X-rays are collected by the detector at the background energy

Note 1 to entry: The background counting rate is used to estimate the portion of peak counts due to continuum
X-rays; this estimate may be derived by interpolation, extrapolation, or comparison to the background rate
generated by a selection of materials characterized by a range of mean atomic numbers.

© ISO
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3.10

beam defocus

condition in which the objective lens of the electron optical column is set such that the size of the
incidence of the electron beam on the surface of the specimen (the “beam spot”) is expanded to a
diameter greater than the diameter of the focal point

Note 1 to entry: Increasing the spot size is a technique used to compensate for specimen heterogeneity when
performing a quantitative analysis or to reduce the damage caused to a beam-sensitive specimen by distributing

the electron dose over a greater volume.

3.11

quality assprance

QA

<electron probe microanalyser> procedure by which standard measurements of model materials are
performed ¢n a periodic basis to confirm that each component of the electron probe microanalyser is
functioningjsuch that the instrument’s uncertainty specification is attainable

3.12

confidencelinterval

range of anplytical error expected to contain the true value with a stated Ungeértainty as estinmated
from a statistical model of the measurement process

[SOURCE: IS0 23833:2013, 5.4.2.1]

3.13

error

natural devjiation from the true value in a measured quantity arising from (1) random counting
fluctuationg in a time-distributed phenomenon (e.g. X-ray.photons) and (2) systematic deviations
from the trpe value introduced during application of caleulated correction factors (e.g. ZAF miatrix
correction fhctors) to convert the measured quantity_(e.g. X-ray photons) to a different dimension (e.g.
concentratign)

[SOURCE: IS0 23833:2013, 5.4.2]

3.14

uncertainty

quantitativg statement that provides_a value for the expected deviation of a measurement from an
estimate of the value of the specific'measured quantity

[SOURCE: IS0 23833:2013, 5.5.13]

3.15

detection ljmit

smallest ampunt of an element or compound that can be measured under specific analysis conditigns
Note 1 to enfry:.By convention, the detection limit is often taken to correspond to the amount of materipl for
which the totlal’sighal for that material minus the background signal is three times the standard deviation pf the
signal above tire 'Udd\gl oumd biglld‘l. Thisconvention ulight motbe dpphhdblt toattmeasurementsand, forafuller

discussion of

detection limits, Reference [11] should be consulted.

Note 2 to entry: The detection limit may be expressed in many ways depending on the purpose. Examples of
expressions are mass or weight fraction, atomic fraction, concentration, number of atoms, and mass or weight.

Note 3 to entry: The detection limit will generally be different for different materials.

[SOURCE: IS
3.16

0 23833:2013, 5.2]

instrument uncertainty specification
<electron probe microanalyser> manufacturer’s estimate of the lowest uncertainty attainable by a
given instrument based upon physical limitations and construction

© ISO 2018 - All rights reserved
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3.17

control chart

chart on which some statistical measure of a series of samples is plotted in a particular order to steer
the process with respect to that measure and to control and reduce variation

[SOURCE: I1SO 3534-2:2006, 2.3.1, modified — Notes 1 and 2 to entry have been removed.]

3.171
mean and standard deviation plot
mean and range plot
x and R plot
o] ] c PR roaloos ol orc il 1 4 : loticoa & s
grapatrearrepresentatofroraserormeastutrefrefrestarprots e aata meatrstrrerationto certified or

targeted value and also plots the standard deviations in relation to a control limit

Note|l to entry: Mean and standard deviation plots can be used as an aid in determining when and|how the data
no longer attains the instrument uncertainty specification.

3.17.2
box-and-whisker plot
box plot

graphical representation of a set of measurements that plots the datacalong with the data m¢an, median,
inner quartiles (“box”) and a chosen outlier delimiter (e.g. standard-deviation, outer quartjles or other
“whigkers”)

Note |l to entry: Box plots can be used as an aid in determinings\when and how the data no longg¢r attains the
instriiment uncertainty specification.

3.17.3
bean plot

dengdity plot
graphical representation of a set of measurements that plots the data along with the datajmean and a
densjty function

Note|l to entry: Bean plots can be used@as an aid in determining when and how the data no longer conforms to
the ifjstrument uncertainty specification:

3.18
failure mode
<eled¢tron probe microanalyser> observable deviation from a normal data distribution within the
instrument uncertainty~specification that is symptomatic of a specific instrument malfunction

3.19
reference material
RM
matgrial, stfficiently homogeneous and stable with reference to specified properties, which has been
estahplished to be fit for its intended use in measurement or in examination of nominal properties

Note T . known from
independent, ideally absolute, measurements (e.g. separations and gravimetric analysis) and that is
microscopically homogeneous on a sufficiently fine scale that any location measured with an electron probe
microanalyser produces the same X-ray intensities, within counting statistics.

[SOURCE: ISO/IEC Guide 99:2007, 5.13, modified — Note 1 to entry has been added.]
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certified reference material

CRM

reference material (3.19)accompanied by documentation issued by an authoritative body and providing
one or more specified property values with associated uncertainties and traceabilities, using valid

procedures

Note 1 to entry: For certified reference materials for electron probe microanalysis, the microscopic heterogeneity
at the micrometer scale is certified as well as the composition.

[SOURCE: IS

O/IEC Guide 99:2007, 5.14, modified — Note 1 to entry has been added.]

3.19.1.1
challenge n
certified ref4
sample in th

Note 1 to en

components
components

4 Gener

(EPMA QA)

4.1 Objeg

haterial

e EPMA QA procedure

ry: Challenge materials are selected by the analyst to present an analytical challenge to sp
bf an EPMA instrument. Ideally, challenge materials that present an analytieal challenge to as
bf a given instrument as possible should be selected.

al principles of electron probe microanalyser quality assurance

'tive

When performing analysis of unknown specimens in EPMAy'it is crucial for the analyst to know

their instruy
periodically]
the analysis

4.2 Selec

ment is working properly. Herein is described a procedure that should be perfo
to ensure that analyses performed using\EPMA are reliable. The procedure is built
of challenge materials.

tion of challenge materials

4.2.1 General

Challenge nj
to the criter

ia outlined in the fellowing subsections.

eral characteristics of analysed materials

aterials.and their associated reference materials shall meet the requirements for cert
pterials-as’described in ISO 14595. The materials shall:

brence material (3.19.1) of known composition that is measured as if it were dn unkfown

lecific
many

that
‘med
Lipon

aterials and their associdted reference materials shall be selected such that they confform

ified

be stab]ie in vacuum;

4.2.2 Gen
Challenge nj
reference m|
a)
b)
0)

so as to
d)

not degrade under interrogation by the electron beam incidence;

be indistinguishable from the instrument uncertainty specification;

coated with conductive material with a path to instrument ground);

be characterized by heterogeneity sufficiently less than the instrument’s repeatability specification

be suitably conductive to eliminate electrostatic charging under electron beam interrogation (or be

Many types of solids meet these criteria, including a number of pure elemental solids, single-phase
alloys, vitreous solids such as glass, natural or synthetic minerals, and pure compounds.

© ISO 2018 - All rights reserved
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4.2.3 Specific characteristics of challenge materials

The purpose of a challenge material is to provide an analytical challenge for an instrument that
requires the proper function of as many instrument components as possible. Therefore, a challenge
material should be sufficiently complex such that each diffracting crystal on every WDS in a given
EPMA can be used to quantify at least one of the elements of which it is composed. For multi-crystal
WDS spectrometers, diffracting crystal switching should be required.

The challenge material should also be sufficiently simple to analyse such that deconvolution of peak
overlaps and large absorption or fluorescence corrections are not required to calculate the composition.
Secondary standard reference materials should not be necessary to achieve an accurate result. Finally,
the glementsofimterestforevatuatingtheperformmanceof agiverrspectrometershoutdbe present in
suffitient concentration that uncertainties associated with concentrations approachingtthe detection
limit{are not a factor.

In symmary, challenge materials should possess the following characteristics,~in addition to those
identified in 4.2.2:
a) Ior evaluation of a given diffracting crystal, the challenge material, shall contain at least two
¢lements that emit characteristic X-rays that fall within the diffraeting crystal’s analytical range.
Alternatively, a single element is allowable if it emits two well-séparated characteristi¢ X-rays that
¢an be independently measured using a single diffracting crystal during the same analysis (e.g. Ka
dnd K transitions for certain high-Z elements), after which the composition of the e|Jement shall
Ibe evaluated for each X-ray line separately. A single element is also allowable if it erhits a single
¢haracteristic X-ray that can be measured using at least two different Bragg reflectigns (e.g. first
order and second order reflections) on the same diffracting element (see Annex A for examples).

b) The characteristic X-rays analysed for each element in the challenge material shquld overlap
inimally with any other characteristic X-rays emitted by any other matrix element ajnd with any
bsorption edge of any matrix element.

c) The composition of each analysed element in the challenge material should be greater than 1 %.

d) Analysis of X-ray lines whose €mission energies depend upon chemical bonding ¢ffects shall
e avoided; for example, the La lines of third row transition elements. For further|details, see
eference [10].

4.3 | QA measurement parameters

4.3. General

Upon specification of the challenge material best suited to use in the evaluation of a given instrument’s
array of spectrometers, and the selection of reference materials best suited to quantitatiyely analyse
the challenge material, a procedure for performing the analysis can be specified. This procgdure should
be optimized such that a maximum of diagnostic information about the instrument is c¢llected in a
minimuim amount of time. T

4.3.2 Laboratory environment preparation

The long-term stability of the laboratory environment affects instrument stability. In particular,
temperature fluctuations can affect the beam current stability and the diffracting crystal lattice
constants, thereby contributing to measurement uncertainty. Ideally, room temperature should be
held constant for the duration of the QA diagnostic, and should be unchanged between diagnostic tests.
The room temperature shall be monitored during the QA diagnostic; at minimum, it may be recorded
both before and after each QA diagnostic is performed. If neither the temperature nor its fluctuation
conforms to the limits allowed by the instrument’s installation specification, the test results shall be
deemed invalid and the laboratory environment shall be stabilized before repeating the test.

© ISO 2018 - All rights reserved 7
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4.3.3 Instrument parameters

4.3.3.1 General

The instrument parameters identified below are required to perform a diagnostic evaluation of the
EPMA electron gun and WDS X-ray spectrometers. Upon selection of the characteristic X-ray lines to
be analysed and the spectrometers with which the analysis is to be performed, the greatest value can
be extracted from a QA diagnostic experiment if the instrument is finely tuned ahead of time to make
the best possible measurement. This fine-tuning includes confirming and readjusting the X-ray peak
centres on the diffracting crystals (frequently referred to as “peaking” the spectrometers) and fine-
tuning the X-ray counter electronics discriminator settings to maximize noise rejection and higher-
order coincidence peak rejection while still collecting the entirety of the signal X-rays. See [SQ)1

1594
for complet¢ details of these procedures.

4.3.3.2 Agcelerating voltage

The electron beam energy, or accelerating voltage, shall be set such that it exceeds the*éxcitation ernergy

for the high
of at least 1
highest exci
of the diagn
this instrun

The operatd
measured X
line and thsg
challenge m|
the curves ¢
system lies.
typical mea

bst characteristic X-ray to be measured during the QA diagnostic by an overvoltage f
5. While higher overvoltage is acceptable, there is usually little benefit to exceedin
fation energy by a factor of three. The beam energy should be held constant for the dur

ent.

r may choose to optimize accelerating voltage for analysis of the system by plottin
Lray intensity versus accelerating voltage for both the highest energy characteristic

selected characteristic line emitted by the element with the lowest concentration i
aterial. The accelerating voltages corresponding-to the highest X-ray intensity for ea
stablish the limits for the range in which.the‘ideal accelerating voltage for analysing
[t might not, however, necessarily correspand to the voltage that is expected to be usg
burements on a given instrument.

Should the dperator desire performance data forrmultiple accelerating voltages, a separate QA diagn

should be pl
be advantag
exercise in ¢

If electron b
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4.3.3.3 Py
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anned for each. While using multiple accelerating voltages to perform a single analysi
eous in some circumstancessymaintaining a single accelerating voltage is necessary fo
rder to assess electron beam stability.

eam damage at higherbeam energy is a problem for either the challenge material or fo

voltage or soft'X<rays, carbon contamination and surface oxidation should be avoid
sible.

obe current

r@lectron beam, current shall be set such that the resulting X-ray count rate falls withi

erence materials, thisshould also be considered when selecting the accelerating voltag

hctor
o the
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ostic. Ideally, it should be set where future measurements are-expected to be made fising
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and any reference material during the QA diagnostic. Ideally, this current setting will be consistent
with the setting at which future measurements are expected to be made. The beam current should be
held constant for the duration of the diagnostic measurement. Failure to confirm that the count rate is
within proportional counting range for every specimen to be analysed risks the possibility of errors
due to detector dead time discrepancies or to counts falling outside of the pulse height analyser (PHA)
acceptance window.

If electron beam damage at higher current is a problem for either the challenge material or for the
selected reference materials, this fact should also be considered when setting the probe current.
Damage caused by high current dose may also be mitigated by defocusing the beam (and thus the beam
dose per unit volume) if reducing the beam current itself reduces the X-ray count rate to unacceptable
levels. Beam defocus can also mitigate uncertainties arising from specimen heterogeneity on the scale
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of the size of the beam incidence. See Annex B for further details. The beam defocus shall not exceed the
acceptance angle of the spectrometer.

The operator might find it convenient to collect a full spectrum wave scan using each spectrometer
and diffracting crystal selected (see 4.3.3.4) on all reference material and challenge material, and then
adjust the probe current to optimize the count rate for the most intense line to be analysed.

Should the operator desire performance data at multiple probe currents, a separate QA diagnostic
should be planned for each. While using multiple probe currents to perform a single analysis can be
advantageous in some circumstances, maintaining a single probe current is necessary for this QA
diagnostic exercise to properly assess electron beam stability.

4.3.3.4 Spectrometer and diffracting crystal selection

redundancy,
[fure affords
 impossible

Many electron probe microanalysis instruments feature considerable built-in spectronteter
i.e. multiple spectrometers equipped with identical diffracting crystals. Although-this fea
the gnalyst considerable versatility in approaches to a given analysis, it also makes it nearl
for njost configurations to be tested in their entirety during a single diagnostic QA.

EXAN
cryst
fract
cryst

o diffracting
an 1 % mass
th diffracting

IPLE1 An EPMA instrument configured with five spectrometers each equipped with tw
als would require a challenge material composed of at least 20 elemtents each at greater th
on in order to test each diffracting crystal, each Rowland circle mechanical translation and ea
hl exchange motion.

for the QA
rystals and
haterial, the
ubset of the

Given this limitation, the operator should select diffracting ‘crystals and spectrometerg
diagnostic that are most likely to be used in future m¢asurements. If the diffracting ¢
specfrometers to be tested exceed what is required . fo properly analyse the challenge n
operfptor should schedule multiple iterations of the QA diagnostic that sequentially tests a {
most necessary components.

EXAMPLE 2  An operator wishes to perform a,QA diagnostic on an EPMA instrument configured with two

spect
equip
comp
deter
will 1
that

remal
counf
on eq

rometers each equipped with TAP and lead stearate diffracting crystals, and two spectr
ped with PET and LiF diffracting crystals. The challenge material selected for the diagnost
osed of six elements: three pairs that'can be analysed using TAP, PET and LiF, respectively.
mines that for upcoming analyses all spectrometers will be required, but it is unlikely that ¢
ecessitate a diffracting crystal change on any spectrometer. Given the operator’s expectations

fning spectrometers alternated between runs. Using such a procedure, the functionality of
ers, all diffracting crystals except the lead stearate, and all diffracting crystal translation
ch Rowland circle afe-tésted, while none of the mechanisms responsible for changing betwe

meters each
ic is an alloy
The operator
ny unknown
,itis decided

he QA diagnostic will be ranytwice - once for each TAP spectrometer, with the PET and the LiF on the

hll four X-ray
mechanisms
en diffracting

crystpls on the same speetrometer are diagnosed.

4.3.3.5 Peakand background energy selection

The 1
maxi

bst probable
loyed.

neasufed energy for each analysed X-ray line shall be selected to coincide with the m
muin intensity of that line as determined by the spectrometer peaking procedure emp

For limear-imterpotation of the background intensity at the peak energy, the backgrournld reference
energies should be selected such that one energy is chosen on the higher and one on the lower energy
sides of each analysed X-ray line. The selected background energies shall be chosen such that they are not
coincident (within the specified uncertainty of the instrument) with potential sources of interference,
such as other characteristic X-ray lines or photoabsorption edges of the specimen or detector. To
minimize the uncertainty in the background intensity, the background energies should be selected such
that they are as far as possible from the peak energy, yet not so far that the continuum intensity profile
between the background energies no longer approximates a straight line. Furthermore, the product of
the background intensity and the distance, in spectrometer units, from the peak energy should ideally
be equal for both background energies chosen.

Performing a wave scan of an energy range from the low background through the peak to the high
background energy is suggested to best evaluate the background energy choices.
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4.3.3.6 Selecting the analysis positions on the challenge material and the reference material

The analysis positions on all specimens measured during the diagnostic shall be located on polished,
clean, conductively coated (if necessary) and large (more than two electron beam interaction volume
diameters, and more than the mean free path length of fluorescing X-rays, away from any edge of a
single-phase homogeneous region of the specimen) regions of the material. At least seven randomly
selected positions separated by at least twice the electron beam interaction volume diameter shall be
measured on all reference material and challenge material to ensure that the 90 % confidence interval
is subsumed as in Formula (1).

[+2 0

M

where

I

o

More positi
3:2008, Ann
precision.

4.3.3.7 S¢g

4.3.3.7.1

Once the s
analysis hay

is the mean measured X-ray intensity expressed in total counts;

is the standard deviation of the measurements.

bns may be selected if more rigorous statistics are desired; consult ISO/IEC Guidg
ex G, Table G.2 to estimate the number of measurements required to achieve the de

lecting the optimum X-ray counting times

General

D 98_
sired

ecimens have been selected, the instrument'parameters appropriate for their complete

e been determined, and the instrument spectrometers have been properly peaked

tuned, optimized X-ray counting times will enable the operator to obtain the maximum actioi

diagnostic i}

4.3.3.7.2

In 4.3.3.3, a
for all analy
time, in tur
instrument
to collect a
to match tH
statistics gd
Formula (2)

>

(formation from the EPMA instrumentin’a minimum of instrument and analysis time.

Peak counting time

n electron probe current setting was selected to generate an acceptable X-ray count
sed lines to be measured\during a given QA diagnostic. The optimum X-ray peak cou
h, is governed by this.selected beam current and by the repeatability specification d
component to be tested. The peak counting time shall equal or exceed the time reqj
fotal number of gounts above background that equals or exceeds the total counts ne
e instrument’$ repeatability uncertainty specification. Assuming that Poisson cou
vern the measurement uncertainty, the target peak counting time, in seconds, is

'p +rB

tp
u

and
nable

rate
hting
f the
hired
eded
hting
as in

(2)

sp

2
1r‘2x(rp —rg)

where

tp is

the target peak counting time, in seconds;

Uspec is the instrument’s uncertainty specification expressed as a decimal (e.g. 1 % is expressed
as 0,01);

rp is

B is

the expected mean peak counting rate in counts/second;

the interpolated background counting rate in counts/second.

The higher the peak counting time, the greater the likelihood of introducing uncertainties unrelated
to Poisson counting statistics, such as beam damage or beam-induced contamination, which would

10
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invalidate this procedure for estimating it. For this reason, specimens with high peak counting rates for
an element of interest should be selected.

A simpler estimate for target peak counting time is to divide the peak counting rate from the reciprocal
square of the instrument’s uncertainty specification. This estimate is valid for background counting
rates that are much less than the peak counting rates times the uncertainty specification.

EXAMPLE On an instrument with an uncertainty specification of 1 %, a QA diagnostic is performed on a
peak with a counting rate of 400 Hz and an interpolated background counting rate of 4 Hz. The minimum peak

counting time to achieve sufficient statistics to challenge the instrument’s uncertainty specification is 25,76 s.

4.3.

The

peak
stati
total

1
The |

EXAN
rate
The 4
backg
for b4

optimpized collection time willbe 1,29 s on each background energy.

The
from

72 PRPacl aamd cosra i B o

73—Background-eounting time

counting time at each background energy should be selected such that the total un
intensity minus interpolated background intensity is minimized. Assuming thatPoiss
stics govern the measurement uncertainties, the target of the ratio of the pegk.¢ountin
background counting time should approximatelél Formula (3).

Tp

s

P

I

o]

is the peak counting time, in seconds;

2~}

is the total background counting time, in seconds;

p is the mean peak counting rate in counts/sécond;

B is the interpolated background counting rate in counts/second.

background counting time should bexminimized.

IPLE
bf 400 Hz will have an optimum.total peak counting time to background counting time

xample in 4.3.3.7.2 providesfa-minimum peak counting time of 25,76 s for this peak; the o
bround collection time in this.example is then 2,58 s. This time is divided between the backgro
ckground energies of equalintensity that are equidistant (in spectrometer units) from the peg

Ualidity of this,estimate depends upon the background energies being a large and eq

equ

in the interpolated background intensity will be. In these circumstances, the oper
compensate-by increasing the peak counting time.

For yery intense peaks, the ratio of peak counting time to background counting time c

the peak energies as described in 4.3.3.5, and the intensities at both background en
. The greater'the experiment’s deviation from these ideal conditions is, the higher the

certainty of
on counting
b time to the

(3)

A simple linear interpolation background with a counting rate of 4 Hz and a peak with a counting

ratio of 10:1.
btimum total
ind energies;
k energy, the

hal distance
ergies being
uncertainty
ator should

puld dictate

background counting times lower than the minimum allowed by the instrument electronics. In these
cases, the lowest allowable counting time may be used.

4.4

Data acquisition

Upon completing the procedure of 4.3, data acquisition shall be performed. Data acquisition is to
commence on the specimen positions and energies identified previously. The diagnostic shall be carried
out, as closely as possible, under the conditions and by the procedure under which the instrument
normally operates, with the following exceptions:

a) In order to track electron beam stability during the measurement, a measurement of the beam
current in the Faraday cup shall be performed before and after each analysis point.
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b)

4.5 Frequency of QA diagnostic testing

Data shall be acquired on the reference material positions both before and after the data acquisition
on the challenge material positions, so that the data may be used to track spectrometer and detector
stability during the experiment.

The reference materials shall be measured using the same peak and background collection times
as the challenge material on each spectrometer; that is, no abbreviated reference material analysis
procedure shall be used. Doing so increases the probability that contamination or other defects
in the reference materials will be identified during a QA diagnostic. However, the operator should
be aware of using correct dead time correction procedures, if different count rates are expected
between the reference and the challenge materials.

The operatpr shall repeat the QA diagnostic experiment on a regular schedule. Monthly QA is
recommendgd; however, the time efficiency of the QA diagnostic is largely dependent upon instrument
constructiop and availability of reference materials and challenge materials. For this géason, different
laboratorieq will find that more or less frequent QA schedules integrate better inte/their produftion

schedules.

5

Test report

Records of the instrument and individual investigations shall be kept'sg that, if required, a test r¢port

may be issued. Reports shall present at least the following information:

a)
b)
‘)
d)

12

the designation of the ISO method used;
the name and address of the laboratory that performed the QA diagnostic(s);
the name and address of the client, where relevant;

the insfrument type (manufacturer, model number, electron beam emitter specifications| and
attachedl spectrometers’ manufacturers, model numbers, integrated diffracting crystals and take-
off angles);

the labgratory room temperature;

the components of the instrument tested during the QA diagnostic(s);
the accglerating voltage;

the probe current and\incident probe diameter;

the idernjtity andcceftified composition of the challenge material and reference materials analysed
during the QA-diagnostic(s);

the X-raypeak(s) analysed in the course of the QA diagnostic(s);

the diffracting crystals used and the PHA and discriminator settings used for each diffracting
crystal (integral or differential);

the raw data file including the raw data uncorrected counts for each analysed peak;

the quantitative analysis of the unknown, and the deviation of the composition from the certified
composition;

an estimate of the uncertainties for each element of the test result;
the quantitative matrix correction method used;

the additional statistical and graphical analyses used to evaluate the data as outlined in Clause 6
and Annex C, respectively;
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q) asummary indicating whether the testindicated that the instrument is performing to specifications
and, if not, where the deviations from proper function occur;

r) the name(s), title(s) and signature(s) or equivalent identification of the person(s) accepting
responsibility for the result;

s) the content of the certificate or report and the date on which the report was issued.

The test results shall also be collected in a control chart format, so that the time dependence of the data
can be monitored and deviations from normal function can be identified. The methods for doing so
are discussed in greater detail in Clause 6 and Annex C, while the remedies for certain deviations are

disct

ssed in Annex D _Whatever the schedule operators should report the date and sumn

ary results
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6.3

e most recent QA diagnostic with EPMA results, as well as keep the most recent tes
‘ol chart information readily available to instrument operators.

Often an instrument can exhibit a malfunction, such as one failed diffracting*erystal,
r the entire instrument unusable. Particularly in a multiple operator environment; the avail
mation allows operators to find alternative solutions to problems with the instfument (for ej
uivalent diffracting crystal on an alternative spectrometer) that maximize ‘productivity 4
analyses while repairs are arranged.

Data analysis and performance tracking

General

the data has been collected, a variety of analysi§procedures can be used to extrad
mation from the experimental output. This clause provides recommended analyse
nostic data that will allow the operator to identify specific problems with the instrumsg

Quantitative analysis of the challénge material

hventional quantitative analysis~of-the challenge material shall be performed as ¢
P2489 using the data collected ‘diring the QA diagnostic measurement. Results ma
cases are required to be, corrected for matrix effects. However, results shall not be
ing so provides no probative value with respect to instrument performance. A propg
ument should generate(a consistent result within the uncertainty specification of theg
i time the diagnostic(isyperformed.

The diagnostic' need not generate a result that agrees with the certified compositio
de a valid diagnostic; only consistent results from test to test are required. Many issues coul
specimen integrity or with correction procedures that generate a result that does not corre
ied compositions of the challenge material or the reference materials. These issues have 1
iment pexformance.
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Upon completion of the QA diagnostic experiment, the operator should compute the raw intensity means
and standard deviations for each measured element in the challenge material and the reference material.
These means and standard deviations should be included in the periodic tracking and control chart.

6.4

Statistical tests performed on data

6.4.1 General

A variety of statistical tests applied to the raw intensity data can be used by the operator to assist
in identifying specific malfunctions in an instrument that has failed to generate either a consistent
quantitative analysis or a sufficiently narrow intensity standard deviation to remain consistent with
the instrument’s uncertainty specification. Some tests, such as the normality test, are valuable for
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identifying whether a set of measured intensities are statistically consistent with Poisson’s statistics
for random counting data, as would be expected for a properly functioning X-ray counter. Other tests,
such as the variance test, are valuable for comparing independently collected data sets.

6.4.2 Nor

mality test

A normality test determines whether a given set of data are normally distributed about the mean. In
the context of the EPMA QA diagnostic, the goal is to determine whether the distribution of intensities
collected is consistent with what would be expected from a properly functioning X-ray counter.

A rigorous normality test can be applied using a statistics software package; alternatively, an estimated

normality t§st can be performed by comparing the magnitude of the differences from the mean g
highest and|lowest intensity data points to the magnitude of the standard deviation (also knowj
the data pojnt’s z-statistic). For a set of seven measured intensities with a normal distribution

z-statistics
should exce
distributed.

NOTE
a Gaussian di

EXAMPLE

6.4.3 Var
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QA diagnost]
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Since X-ray

fboth extremes should fall between 1o and 20, but only one should exceed 1,50, and ne

The target standard deviations in this test were derived from the continuous\distribution functi

stribution as an approximation of the Poisson distribution for a very large-number of counts.

A normality test failure could indicate a skewed or bimodal distribution of intensities.

ance test

ts determine whether two sets of data have equal yariances. In the context of the EPM
Fariance testing can be used as a tool to compare intensity data measured in two sep
ic runs, thereby evaluating consistency of performance with time. Since reference mate
bd before and after the challenge material, @ variance test on the two separate refef

ts may also be performed to determine-if data are consistent with a theoretical moq
riance tests are available in widelyavailable statistical software packages.

count data are governed by Poisson counting statistics, variance is equal to meas

intensity. Therefore, failure of a variance.test indicates a statistically significant change in inte}
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normal dist
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be taken in selecting the variance test used to evaluate data; tests such as the F-testre

3, a Student’s t-test to evaluate the means of two independent data sets may also be util
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bn for

A QA
hrate
rials
ence

a sets can be used to evaluate instrumentistability within a single diagnostic experiment.

lel. A

ured
nsity.
juire

Fibutions in order to bée valid. Furthermore, since the variance regresses to the meahn for

ized.

14

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=5f591f3cc53ba23262a7891cfcf96239

ISO 19463:2018(E)
Annex A
(informative)

Examples of challenge materials and reference materials for
EPMA WDS QA

A.1| Selected challenge materials and reference materials
Tabl¢ A.1 lists a selection of challenge material candidates, their elemental compositions, the diffracting
crystals that they are most suitable for evaluating and suitable reference materials for their analysis.
This|list is not exhaustive, and is included for information only. Any materials-that fit the r¢quirements
described in 4.2 may be used to evaluate WDS spectrometer performance.

Table A.1 — Selected challenge materials

Challenge material Composition Diffracting crystals Reference materials
National Institute of Two glasses composed of TAP Oxides or pure elements
Stanfdards and Technology | O, Mg, Al, Si, Ca, and Fe for Mg, Al, Sijand Fe; for
(NIST) SRM 4702 Ca, one glass specimen can
be used as thie reference
for the pther
NIST SRM 480 Alloy of W and Mo PET Pure W gnd Mo
NIST SRM 481 Alloy of Au and Ag PET Pure Aupnd Ag
NIST SRM 482 Alloy of Au andCu TAP, PET, LiFb Pure Aujand Cu
NIST SRM 1871a Lead silicate glass PET Pure Pb or [PbS, pure
Si, SiO2 or other known
silicite
NIST SRM 1872a Lead-germanate glass LiF Pure Pb, or Pbf, pure Ge or
known gefmanate
NIST SRM 1873a Barium zince silicate glass PET Known bariym-bearing
material, purf Si, SiO2 or
other known silicate
NIST SRM 1874a Lithiumd aluminium bo- | Long wavelength/low en- Al03, pure B
rate glass ergy diffracting crystalse
NIST SRM 18752 Aluminium magnesium TAP Pure Al or Alj03, pure Mg
phosphate glass or MgO, purg P or other
known phosphate

materials can

a  These materials have been discontinued; however, the certificates providing the full description of the
be located at https://www.nist.gov/srm by searching for the keyword “microanalysis.”

b Asthis is a binary alloy, conventional quantitative analysis affords the ability to perform a QA diagnostic as described
in this document on only one type of diffracting crystal during a single QA diagnostic run.

¢ The zinc content of this SRM is lower than that recommended for analysis in a challenge material.

d  The lithium content of this SRM is lower than that recommended for analysis in a challenge material.
e Includes diffraction gratings, layered synthetic microstructures and artificial crystals such as lead stearate.

f As this is a quaternary alloy, conventional quantitative analysis affords the ability to perform a QA diagnostic as
described in this document on at most two types of diffracting crystals during a single QA diagnostic run.

g Complete compositions of the collection of reference materials can be found at https://mineralsciences.si

.edu/facilities/standards/datasheets.htm.
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Table A.1 (continued)

Challenge material

Composition

Diffracting crystals

Reference materials

NIST SRM 2061

Alloy of Ti, Al, Nb and W

TAP, PET, LiFf

Pure Ti, Al, Nband W

NIST SRM 2066

Beads of glass composed
of O, Mg, Si, Ca and Fe

TAP

Oxides or pure elements
for Mg, Al, Si and Fe

Certain minerals, glasses

and compounds from the

Smithsonian Microbeam
Standards collectiong

Depends upon specimen
chosen

Depends upon specimen
chosen

Depends upon specimen
chosen

a These materials have heen discontinned; however, the certificates providing the full description of the materials can

be located at Ipttps://www.nist.gov/srm by searching for the keyword “microanalysis.”

¢ The zinc ¢ontent of this SRM is lower than that recommended for analysis in a challenge material.
d  The lithiym content of this SRM is lower than that recommended for analysis in a challenge material.

e Includes dliffraction gratings, layered synthetic microstructures and artificial crystals such/as,lead stearate.

b As this isfa binary alloy, conventional quantitative analysis affords the ability to perform a QA diagnostic as\déscpibed
in this documpnt on only one type of diffracting crystal during a single QA diagnostic run.

f As this i§ a quaternary alloy, conventional quantitative analysis affords the ability te pérform a QA diagnostic as
described in this document on at most two types of diffracting crystals during a single QA diagnostic run.

& Completel compositions of the collection of reference materials can be found at https://mineralscienfes.si

.edu/facilitied/standards/datasheets.htm.
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Annex B
(informative)

Distinguishing specimen preparation effects from instrument

malfunction

B.1 | Specimen preparation

B.1.1 Correct specimen preparation for optimal EPMA analysis

Ideally, after all corrections are applied for mass absorption and secondary fluores
compositional analyses should arrive at a total elemental composition of 100"%, within t
unceftainty for the analytical technique used. While there are exceptions to this (such

cont¢nt not directly measured in an X-ray analysis), corrected comipositions not equd

frequently indicate either an instrument error or that the specimen is not ideal (hom

composition and density, electrically conductive, topographically flat and smooth, and alig

to the electron beam incidence within the detector focus) (IS0:14594, ISO 14595).

Analjtical totals that deviate from 100 % are not necessarily an indictment of the insty

which the analysis was performed. The following subclauses describe multiple scenari

peculiarities of the specimen preparation could .résult in non-unity analytical totals

techniques the analyst may use to mitigate uncertainties or identify the origins of non-ide

rence, X-ray
he expected
hs hydrogen
1 to 100 %
bgeneous in
ined normal

ument with
ps in which
, and offer
hl analytical

results.

B.1.2 Elemental composition total is’helow 100 %

B.1.2.1 General

A varliety of specimen propertiésior analysis regions can result in elemental composition totals less
than|unity. If the same area ef-the specimen is analysed multiple times, quantitative results statistics
can hje obtained that will gither conform to the manufacturer’s certified instrument uncertpinty or will
consjstently exceed it. If the analyst determines that the total composition is less than 100 %, yet the
unceftainty of the results’is consistent with the manufacturer’s specification, any of the following could
be cdusing the deviation.

B.1.2.2 Deviation from unity at the instrument’s uncertainty specification

B.1.2.2.1\. 'Rough specimen

An electron beam impinging on a “valley” in the surface topography creates a longer average path for
X-rays leaving the specimen than does a flat polished surface, resulting in a greater probability of X-ray
absorption and scattering events. Hard X-rays generally have lower absorption cross-sections for most
elements than do soft X-rays; thus, their intensities are usually affected less than soft X-ray emissions.
For this reason, variations in topography will have their greatest effect on the low atomic number, or
“low-Z”, element intensities, and those elements with emission lines that overlap an absorption edge of
another matrix element.

Uncertainties due to surface roughness can be mitigated by the analyst in a few ways. If improving
the specimen polish is not an option, analysing additional spots on the specimen or increasing the
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analytical spot size (so that the interrogating beam captures more “peaks” as well as valleys) could
mitigate the analytical deviation from unity:.

NOTE While the mean composition might approach 100 % as the surface roughness is “averaged out”,
uncertainties for low-Z elements will likely be higher than the instrument’s uncertainty specification due to the
measured X-ray intensity changes from point to point.

B.1.2.2.2 Tilted specimen with respect to standard

Depending upon the tilt angle, X-rays can have a longer path through the specimen to the detector,
resulting in more absorption and scattering. As discussed, for analysing inside pits or cracks or on
protrusionsyi f > i Tty i w-Z
elements (apd other low-energy X-rays) and those with characteristic lines near the absorption’gdges
of other elethents in the matrix. In this case, however, an analysis of multiple locations on thé specimen
will give thg same result at the instrument’s specified uncertainty. If the analyst suspects-specimen tilt,
the analysig can be double-checked using other spectrometers on the same system. Alternatively, the
specimen mpy be rotated to test for this error.

NOTE A
angles are re

specimen tilt error ought to give a non-unity, but consistent, quantitativé result. Usually, high tilt

uired to produce this result, so it is not often seen.

B.1.2.2.3 (rystalline specimen

When performing quantitative analysis on crystalline specimens; the intensity of emitted X-ray
be modulat¢d as a function of the specimen crystal plane orientation with respect to the orient
of the spectfometer due to polarization effects. In these circumstances, analytical totals might de
from 100 %but remain within the instrument’s repeatabilitj{uncertainty specification. This speci
dependent analytical anomaly can be identified by either retating the specimen to different orienta
and measuf
same syster]

5 can
htion
viate
men-
fions
ing again, or repeating the measurement.with different identical spectrometers on the
.

B.1.2.3 Dg¢gviation from unity above the instfuiment uncertainty specification

B.1.2.3.1 (eneral

sults

If the analyg
is higher th
This scenar

q

N

B.1.2.3.2

Often, the e
problem gef
specimen (s
analytical r

t determines that the tofal composition is less than 100 %, yet the uncertainty of the re
hn the manufacturer’syspecification, any of the following could be causing the devig
o includes some ofthe more frequent “real world” analysis problems.

bubsurface voids

ectron Beam impinges on a spot directly above an unseen subsurface void. This spec
leratesa humber of curious effects. If the analyst tries to measure several locations o
pbmeé.that impinge upon the void and some that do not), they could arrive at a large ran

tion.

imen
h the
ge of
hard

psults, with the greatest effect on the highest energy lines (recall that the measured

X-rays are emitted from deep within the sample, while the soft X-rays only escape from a relatively thin
region near the surface). In some cases, X-ray emissions from trapped gases from within the void could
be observed. Argon X-rays, for example, are a sign of a trapped bubble under the surface. Localized
specimen charging could also increase due to the thinner path to ground formed by the material above
the void, contributing to further measurement uncertainty.

Moreover, when analysing the same location, apparent analytical totals will change with beam voltage,
since the beam interaction volume is dependent upon accelerating voltage. Thus, changing the beam
voltage where a void is suspected can be a useful strategy for confirming that suspicion. If the analytical
total changes appreciably, especially if it approaches unity as the accelerating voltage is reduced, then
it is likely that analysis is occurring in a region containing a void, and a different location should be
chosen for a more reliable analytical total.
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B.1.2.3.3 Porous specimen

This specimen artefact results in data similar to that observed for large buried voids, though with
some differences. If an electron beam impinges on a specimen with many tiny (compared to the size
of the beam incidence) voids, the localized specimen charging, total compositions different from
100 %, undercounted hard X-rays and overcounted soft X-rays at greater-than-specified uncertainty,
and trapped gas spectra might all be observed. However, since many closely spaced tiny voids could
be distributed throughout the analysis area, compared with much larger bubbles at greater spacing
within a dense matrix, the data artefacts are more subtle than those produced over a large void, and
techniques such as changing accelerating voltage are not as effective at identifying cause (though
apparent analytical totals can change with beam voltage).

B.1.2.3.4 Contaminated specimen

Surface contamination of challenge materials and reference materials of ostensibly-known
frequently results in analytical totals deviating from 100 %. Performing a full wave
specimen can aid the analyst in identifying specimen contaminants previously unaccount
qualjty assurance measurement.

romposition
scan of the
bd for in the

B.1.2.3.5 Edge effects

Epox
with
subs
a we
or ad
elem|
avoid
can |
obse

B.1.]

y-mounted challenge materials and reference materials thdt are not simple cylinder
sides normal to the surface plane might exhibit edge<effécts similar to that obser
irface void. At high beam energies, the interaction volume of the electron beam fully
dge-shaped or other irregularly shaped specimen shard such that the epoxy mount
jacent to the shard is sampled by the electron prebe, reducing the spectral intensity
ent and increasing the intensity due to carbon and oxygen. This effect can be avoided i
[s setting analysis positions at the edge of;the specimen. Elemental mapping prion
nelp in locating edges or thin regions in-the specimen; a reduction in spectral inteq
rvable wherever the defect occurs.

B Total elemental compositionis above 100 % (within manufacturer’s sp¢

for reproducibility or uncertainty)

S or prisms
ved above a
' penetrates
underneath
bf the target
f the analyst
to analysis
sity will be

cification

B.1.3.1 Rough specimen
An electron beam impinging on a “peak” or protrusion in the surface topography creatps a shorter
average path for X-raysleaving the specimen than does a flat surface, resulting in fewer X-ray absorption

and {
most
emis|
intern]
elem|

cattering events-Remember that hard X-rays generally have lower absorption cross-s
elements than-do soft X-rays; thus, their intensities are affected considerably less tha
sions. Forthis reason, variations in topography will have their greatest effect on the lo
sities {and those elements whose emission lines overlap an absorption edge of ang
ent). Expect low-Z elements to be over-weighted when measured in a protrusion from

bctions with
in soft X-ray
w-Z element
ther matrix
the surface.

Surf3

polish is n

e specimen
lytical spot

size (so that the interrogating beam captures more valleys as well as peaks) can mitigate the analytical
deviation from unity. It should be noted that while the mean composition should approach 100 % as the
surface roughness is “averaged out”, uncertainties for low-Z elements will likely be higher due to the
intensity changes from point to point.

B.1.3.2 Tilted specimen with respect to standard

Depending upon the tilt angle, X-rays might have a shorter path through the specimen to the detector,
resulting in less absorption and scattering. The greatest effect on intensity is observed for X-rays
emitted from low-Z elements (and other low-energy X-rays) and those with characteristic lines near
the absorption edges of other elements in the matrix. In this case, however, an analysis of multiple
locations on the specimen will give the same result at the instrument’s specified uncertainty. If the
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analyst suspects specimen tilt, the analysis can be double-checked using other spectrometers on the
same system. Alternatively, the specimen may be rotated to test for this error.

NOTE A specimen tilt error ought to give a non-unity, but consistent, quantitative result. Usually, high tilt
angles are required to produce this result, so it is not often seen.

B.1.4 Total elemental composition is 100 % (uncertainties are higher than instrumental
uncertainty)

B.1.4.1 Compositionally heterogeneous specimens

Heterogenelties become a factor as the size regime of compositionally and/or morphologically didtinct
phases apprjoaches the electron beam interaction volume.

B.1.4.2 Mpulti-phase specimens

Due to secpndary fluorescence or absorption, analytical edge effects will be,apparent at phase
boundaries.| Before any boundary effects can be successfully identified, the “stray electron” problem
has to be eyaluated for the particular instrument (e.g. “in hole” spectrum nieasured with a Faraday
cup, <10 pmn in diameter). As the electron beam approaches a phase boundary, the X-ray spgectra
will frequently exhibit characteristic peaks of elements in the incident phase modified by the mass
absorption ¢haracteristics and the secondary fluorescence of the neighbouring phase, due to the lgteral
component pf the electron beam interaction volume entering into thé/h€ighbouring phase.

Even if the ¢lectron beam interaction volume is larger than the phase domains, or if the electron heam
is defocused to a larger incidence than the domain size, quantitative uncertainty can be higher dpe to
local mass apsorption and secondary fluorescence effects.

B.1.4.3 Vdriations of composition within a single phase

This specimen artefact includes those instances;/such as doping or a diffusion gradient across a phase
boundary, in which there is no distinct boundary between two phases in a solid. Compositiona] line
profiles in the region of interest can be used'te assess diffusion gradients or gradients due to treatment
history.

B.1.5 Summary

Virtually anly non-ideal charactenistic of a specimen will have consequences for quantitative analygis. If
accuracy and precision are te’be maximized, it is critical for the analyst to consider the compositiional
analysis totjals and theijr,distribution over several measurements in the context of the specimen’s
properties and particularly its non-ideal features. While computational methods or adjustmerts of
instrument parameters'can be used to reduce uncertainty, it is rare to obtain an ideal analytical result
from a non{ideal.specimen. Reporting complete information on an analysis, including compositjional
uncertaintigs, cempositional deviation from unity and the description of the specimen being analysed,
affords the gréatest chance of performing the most effective corrective action.
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Annex C
(informative)

Graphical rendering of data and control charting

Introduction

C.2

the computed results of data analysis can provide valuable information regarding théf]
instrument, a number of plotting strategies and graphical representations of the dat

e (control charting) can assist the operator in identifying minor instrument malfu
egrading instrument performance quality. For EPMA QA, monitoring the electron b
time and monitoring X-ray intensity statistics using quartile (box-and-whisker) or ke
h) plotting with time are convenient methods to utilize when identifying instrument f
ems.

Electron beam current tracking

The
vers
of t
elect]

C3

C.3.]

Cont

a convenient way to track instrument performance and identify when performance has

Depd
instr

C3.2

For H
in rd
unce
fails

blectron beam current as measured in the Faraday.up between acquisitions shoul
s time. Visual inspection of such graphs, along with the report of the mean and standa
e beam current, should be used to identify electron emitter instability, such as nag
rostatic discharge (see D.2).

Control charting

| General

ol charts, which graph relevant statistics from the QA diagnostic data over a period

nding upon the needs“of a given laboratory, a number of methods may be utiliZ
ument performance.

Univariate-and multivariate mean and standard deviation (X and R) plot

PMA QA,plotting the mean and standard deviation (X and R) of the intensity for each
lation_tovthe mean intensity for the factory-certified instrument, and using the
rtainty-specification as the control limit, is an acceptable method to identify when an
te- function as specified. This information does not necessarily provide a complet

unctionality
h within one

[ver a period

nctions that
bam current
rnel density
erformance

1 be plotted
rd deviation
ise, drift or

of time, are
HegradedlZl.
ed to track

[72)

experiment
instrument
instrument
e picture of

instr

uent anrfinhq]ify’ however Formore informative and actionable grnphir‘n] represen

diagnostic data, the operator may choose to utilize quartile plotting or density plotting.
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EXAMPLE Figure C.1 is an example of a univariate X and R control chart showing four independent seven-
position QA diagnostics of a single element on an instrument that has an uncertainty specification of 1 % at 1o.
The seven individual measurements within each of the four tests are marked with small crosshairs. The mean
of the measurements within each test (filled circles) is tracked in relation to the certified mean (dashed line) in
the top graph, while the standard deviation of those measurements (filled squares) in relation to the uncertainty
specification (dash-dotted line) is tracked in the bottom graph. Figure C.2 is a multivariate X and R control chart
of the same data that were used to produce Figure C.1. The control band is shown in the figure (dotted line).
Note that, due to Poisson counting statistics, 1 % uncertainty at 1o can only be achieved when the square root
of the total counts is less than 1 % of the total counts, which occurs at 10 000 counts or higher. In the present
example, the mean count for the tests is 25 780; 1 % of this value is 257,8 counts, while 10 is ~160 counts. The

mean values [Squares) of all four tests fall within the control limit range, but the 1o (error bar) of Test 4 exfeeds
the lower boynd of the control band, indicating a potential problem with this spectrometer or diffracting crystal.
Comparison ¢f these charts with those of other elements in the same QA run can be used to narrow-the pr¢blem
to a single ingtrument component or group of components.
Test
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| | | |
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Figure C.1 — Control chart - mean and standard deviation (X and R) plot (univariate)
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Figure C.2 — Control chart - mean and standard deviation (X and R) plot (multiviariate)

C.3.3 Quartile (“box-and-whisker”) plots

The quartile, or “box-and-whisker” plot, can be a useful visual tool to include in a control ¢hart[8l. The
graph is made up of three primary components: a horizontal line at the median of a data set} a rectangle
encompassing the centreof'the data distribution (the “box”) and horizontal lines extended [to the range
or ofher limits of the_data set (the “whiskers”). Such a graph divides the data into quaftiles, which
giveg an operator & visual estimate of the magnitude of the data spread and the normality of the data
set. Multiple such{box-and-whiskers plotted over time allow the operator to identify trends in these
parameters.

For HPMA'QA diagnostic control charting, a quartile plot overlaid with the raw data points apd featuring
whiskers'set to + 1,50 allows the operator to identify when data or the data spread exceed the control

range-as ol ac marfoarn thn civanln o by bnct docorihnd 100 £ 4 9D
g., S Wema S pertorene-SHpr e ooty eSSt aesermoeaih 5=

EXAMPLE Figure C.3 shows a control chart featuring quartile plots as described above, using the same data
as was used to produce Figure C.1. Test 1 and Test 2 exhibit similar analyses to Figures C.1 and C.2, but the
additional statistical information provided by the quartile plots of Figure C.3 reveal additional information. Both
extremes of the Test 1 data set (diamonds) are outside the 1,50 whisker (error bar), indicating that the diagnostic
apparently fails the simple normality test described in 6.4.2. Test 2, on the other hand, shows results expected
from a properly functioning instrument. The inner quartiles (box) on either side of the median are roughly equal
in size, the median and mean of the data are nearly coincident and the estimated normality condition is met,
as only a single data point is greater than 1,50 from the mean. Note that although some individual data points
exceed the control limit (dotted line) in the first two tests, this is not necessarily cause for concern, since the
means and standard deviations are still within control limits (recall Figures C.1 and C.2). The Test 3 data, while
also within the control limits, are clearly skewed (note the size difference between the two inner quartiles). By
Test 4, the deviation from the instrument specification is more apparent as the spread of the data increases.
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Figure C.3 — Controlchart - quartile plot

C.3.4 Dersity (“bean”) plots

The density]

or “bean”, plot is a recenfly developed visual tool that can make control charting

more

valuablel2]. This type of graph shows each raw data point inside a density curve that is a function ¢f the

data distribfition. Visual inspectien alerts the operator to whether the mean is within the control 1

mits

and to whether the data are normally distributed, skewed or bimodal. Figure C.4 is a representation of
the same dafa as Figure C.1 using bean plots.
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