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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

For electron probe microanalysis (EPMA), which is a comparative quantitative analytical method used
globally, certified reference materials (CRMs) play a crucial role in the analytical accuracy.

This document has been developed to facilitate international exchange and compatibility of analysis
data in EPMA.

It aims to give guidance on evaluating and selecting reference materials (RMs), on evaluating the extent
of heterogeneity and stability of RMs. It gives recommendations for the determination of the chemical
compasition of RMs for production as EPMA-certified reference materials

© IS0 2023 - All rights reserved v
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INTERNATIONAL STANDARD ISO 14595:2023(E)

Microbeam analysis — Electron probe microanalysis —
Guidelines for the specification of certified reference
materials (CRMs)

1 Scope

This| document specifies recommendations for single-phase certified reference mateifials (CRMs)
used|in electron probe microanalysis (EPMA). It also provides guidance on the use~of CRMs for the
micrpanalysis of flat, polished specimens. It does not cover organic or biological materials.

This|document supplements ISO 17034. A producer of CRM must also comply with’ISO 17034. In case of
conflict, ISO 17034 takes precedence.
2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of document, the following terms and-definitions apply.
ISO gnd [EC maintain terminology databases for yse in standardization at the following addresses:

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

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

31
heterogeneity
meagured variation in compositions of elements measured from a group of specimens

Note [l to entry: The contributions to heterogeneity include the uncertainties in the measurements frfjom specimen
to spgcimen, from microntétre to micrometre within each specimen, and from the test procedure itpgelf.

3.2
reseprch material
matdrial thatiappears to have the physical and chemical characteristics required of a CRNI, but which
is to[be examined in detail, including the determination of chemical composition, stability} and micro-
hetefrogéneity and macro-heterogeneity, before certification as a CRM

3.3
stability

<general>resistance of a specimen to chemical and physical change during long-term storage at normal
temperature and pressure

3.4

stability

<EPMA>resistance of the material to changes in chemical composition during electron bombardment,
i.e. the resistance to change of the intensity of the relevant characteristic X-rays observed during the
time the specimen is exposed to the electron beam

©1S0 2023 - All rights reserved 1
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uncertainty
quantitative statement that provides a value for the expected deviation of a measurement from an
estimate of the value of the specific measured quantity

4 Preparation of the research material

4.1 Selection of material

The research material used for the preparation of a CRM should exhibit little or no heterogeneity on

a micrometre scale, should be free from unwanted inclusions, and should be sufficiently dense
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5.1 Sam

The CRM should be stable under the electron beam. It should not charge under required test conditions,
though in some cases, a conductive coating can be required. It should be in such a physical state that
it can be mounted and polished if necessary, without rapid surface deterioration on exposure to the
atmosphere or vacuum.

The research material should be in the same or similar physical orientation as that proposed for the
CRM, e.g. if the CRM is to be cut or cleaved so that flat surfaces are to be used by the analyst for EPMA,
then the research material should be mounted in the same manner as that used to obtain heterogeneity
data.

© IS0 2023 - All rights reserved
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5.2 Sample size

The number of specimens selected for testing will depend upon the number, size, and composition of
the individual specimens in the sample group.

For a large number of specimens, such as 200 or more seemingly identical specimens already cut or
cleaved and ready for distribution, testing of all specimens would be prohibitively time consuming.
A statistically representative number of randomly selected specimens should be selected for testing.
If the measured heterogeneity between and/or within specimens is observed to be greater than 1 %
relative after taking account of counting statistics for the elements being certified, testing of more
specimens can be needed.

into smaller
ed that the
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spec
prep

Fe there are fewer specimens, typically 5 to 20, which can be tested before being cut
mens for distribution, each specimen should be analysed before being cut, provic
hration process does not change the composition in any way.

Consjultation with an experienced statistician is strongly recommended before data a
begun. Detailed rules regarding the sample size are avoided here to allow 'the analyst
designing the testing procedures since decisions will depend upon the ¢haracteristics of
and the number of specimens available.
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5.3 | Test conditions

If th¢ extent of heterogeneity is being determined on the micrémetre scale, a 1 pm (point) heam should
be uged for the analysis. In some cases, where there might\be damage to the specimen by the electron
beam, a defocused beam, typically 5 um diameter, may be used. Such samples should, therefore, be

certified for use only with a defocused beam.

Wavelength-dispersive X-ray spectroscopy (WDS) is the preferred method for he
detefminations because the high X-ray peak rates obtainable with the technique e
acqujsition of statistically useful data. Energy-dispersive X-ray spectroscopy (EDS) can b
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speclimens sensitive to the high currentneeded for WDS, EDS can be the only choice.
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ation energy of the X-ray ling of the element being analysed, although this can be diffic
ents are analysed simultaneously. As a compromise, the selected excitation voltag
Cient to excite the X-rfay lines of the elements used in the testing with an adequate over
1,5 times the criticd) excitation potential.

selected X-raylihes used to acquire the heterogeneity data should not overlap any X
" elements«inl the specimen. This can be ascertained from wavelength dispersive s
5 of the pure elements (or appropriate well-characterized compound specimen in w

longer. For

the critical
ult if several
e should be

voltage of at
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hich overlap

does|not present a problem) and of the RM.

The the electron

bean

ursent used will depend upon element concentrations, the stability of the specimen to
,and the count rate desired.

The count rate should provide acceptable counting statistics. The count rate should not be so high
that the dead time of the WDS proportional counter will increase beyond the normal working range. A
normal proportional counter dead time is 1 us ~ 2 ps or less.

NOTE Acceptable count rates will also depend upon tolerable counting uncertainties. From Poisson counting
statistics, the standard uncertainty in the counts obtained from an X-ray measurement is equal to the square

root of the total number of X-ray counts, IN.A1 % error can be obtained when the total number of counts is
10 000, but this relative error can be reduced by increasing the number of counts. At 100 000 counts, the relative
error is reduced to 0,3 %. For an EDS, the number of counts refers to the counts in the window of interest or
integrated peak counts, not the total spectrum counts. This test uncertainty will be present regardless of the
extent of heterogeneity and can be minimized by increasing the integral number of counts through increased
current and/or counting time at a given excitation voltage. Both ultimately depend on the specimen stability,
while the counting time will also be limited by test practicality.
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Knowing the estimated count rate, R, and the desired relative error, ¢, the counting time, T, required
to achieve that relative error can be calculated from the equation T= 1/((52R) . This formula is derived

from the Poisson estimate of the relative error due to counting statistics, 1/4/(N) =1/4/(RT) .

5.4 Test procedure

Before heterogeneity testing is begun, the edges of bulk specimens should be analysed and compared
to the specimen interior to determine whether there might be a consistent difference in element
concentrations in the two locations. Occasionally, differences can result from the manufacturing
process of materials such as metal alloys or synthetic crystals. If the edges are different from the

specimen infterior, they should be removed before samples are taken for bulk quantitative analysi
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| be designed to efficiently acquire the data needed to determjne the extent of the wi
hd between-specimen heterogeneity, to determine the experimental uncertainty, a
ual increasing or decreasing concentration changes on the micrometre scale using 5
ne scans. Examples of tests are given in the next two paragraphs, but they may be mod
pon the individual material or group of specimens being analysed. The beam current sk
d to provide a value corresponding to each data reading enabling subsequent current
to be carried out, if necessary.

cimen being tested, X-ray counts for several/randomly selected points (typically 7 to
ding upon the size of the specimen) should be acquired. These data should be acquir
icate i.e. integral X-ray counts should beracquired and recorded at least twice on each
ing the specimen or electron beam®etween acquisitions. Specimens should be analys|
der and preferably, each specimen should be analysed twice, each time in a different ord
thwhile for different operators-to take data for duplicate analyses, using a different ra
hn for each. Refer to ISO Guide 35 for sampling procedures and methods of evalu
data from this type of testis used to calculate the within-specimen and between-spec
s, as well as the test uncertainty after beam current drift corrections are made. V
data are obtained for-each element, the uncertainties can be expressed as a mass frac
e used for thesealctlations are given in 5.5.

he presence of-concentration trends within each specimen, which might not be detectg
pling, line profiles of the points less than 5 pm apart and 50 pm to 100 pm in length s}
. Two-line.profiles normal to one another are recommended. For specimens of 1 cm to
line,profiles should be prepared from at least two different locations on the specimen.
ections, data should be plotted (distance against X-ray counts) for each element to ex
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process if they are within the 99 % confidence limits or 3 times the Poisson counting error (square
root of the integral number of X-ray counts).

5.5 Statistical evaluation of data

The uncertainties in the element concentrations resulting from heterogeneity within specimens and
between specimens and in the test, acquisition can be obtained from the procedures described in 5.4
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using the following calculations. Other validated test and statistical procedures may be used, provided
that they are described in full in the CRM certificate.

NOTE There are several examples[2I[31[4][5] of the use of test procedures and calculations similar to those
described here; the statistical notation has been simplified for this document to facilitate its usage. The
statistical approach used here is called a nested design that is described in detail in other references [1][6][Z]-
The procedures described have been developed in collaboration between the National Institute of Standards and
Technology (NIST), Gaithersburg, MD, USA and the National Physical Laboratory (NPL), Teddington, Middlesex,
UK and have been used successfully.

Let w, be the true mass fraction of a particular element in the RM. Any single micrometre scale
measurement w_ m(prpccpd in v\mighf percent taken from a rqndnmly selected point of a randomly
seledted specimen will deviate from wj, because of the variation betweén| specimens

(madroheterogeneity), variation within specimens (microheterogeneity), and the méasar¢ment error.
The gleviation, w—w, may be viewed as a sum of random effects, as shown in Formula (1):

w=wy+S+P+E D
where
o +S is the true mass fraction in the selected specimen;
o +S+P is the true micrometre scale mass fraction toncentration at the selected point of the

selected specimen;

|29

is the measurement error.

© IS0 2023 - All rights reserved 5
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2
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2
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w

, of the measurement w is given by Formula (2):

2 _ 2 2 2
Oy =05 +0p +0p

are the variances of the random effects S, P, and E,

(2)

If ng independent measurements are made at each of np randomly selected points of each of ng

randomly selected specimens and if w

ijk denotes the k threplicated measurementat pointj of spec

i, then the grand mean given by Formula (3):

imen

HS nP nE
W= (3)
(”P 1 1j=1k=1
has a varian, given by Formula (4):
5 op 0'123 02
o5 =—1-+—~ > (4)
ng  ngnp ngnpng
assuming the design is balanced. Thus the uncertainty in the mean measurement w can be deternjined
from estimgtes of GS 0123 ,and G . An approximate 95 % or 99 % confidence interval for the mean

micrometre

scale concentration is respectively

1

C_Z CTZ (72
w + +
g nehp  NgNpng
or
1
&2 o2 o2 |2
w3 + +
& nenp  NgNpng
Estimates of 62 , o , and 62~ can be obtained from the raw count data as follows.
S P, E
w w w

Let Yy den
count assoc
counts aboy
used to detd

bte the k th dount measured at point j of specimen i, and let Bjji represent the backgr
ated witlrthe measured count Yj; . Assuming a linear relationship between the numj
e thebackground count and the mass fraction on the micrometre scale, Yj; — By c4
rmine a mass fraction measurement, as given in Formula (7):

(5)

(6)

pund
er of
in be

(

Wijk =

Yip = Bijk )

U
C

(7)

where Cis a conversion factor which depends on test conditions such as the operating voltage, counting

time, etc.

If B is the mean background count:

Yij =
g

isthe m

Zuk

k=1

ean count at point j in specimen i;
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:_ZYU

P j=1
is the mean count for specimen i;

iis the between-specimen sum of squares;

g Mp

$p=np 2 (Vs _Y’)

i=1j=1
iis the between-points within-specimen sum of squares;

1’15 HP HE

ZZZ( ijk Y’J)

i=1 j=1k=1
iis the error and baseline sum of squares.

f’\

The ¢orresponding mean squares are

Ss
ng -1

Lo,
T

MS —

Ibetween-specimen;
Sp
ng (np —1)

Ibetween-points.within specimen;

IMp =

S

IME =—7~7 ——
ngnp(ng —1)

tesidual.

)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

ASSUl’l’lll’lg Poisson variation Ior the background count and Ior replicated counts at each point of each

specimen, it follows that

s Mp g
Z 2 2 ( ijk Y”)
1j=1k=1 . . .
a) =)= = Sy 1s an unbiased estimate of CZO'E —0'12;;
ngnp (ng —1) v
s Mpo
ne 2, Y Yy Vi )
1j=1 . . .
b) o = Syp is an unbiased estimate of c? (62 +”EO';2> )—O'fg;
ng (np 1) " "
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2 2

c)

(ng

B : : . 2 2 2 \_
= Sy is an unbiased estimate of (O'E +thngOp +NpNgss ) Op-

w

_1)

Where Gé is the variance of the background noise.

The estimated components of variance are thus taken to be

S —
— { E ¥ +B
2 SypB—thchptir—iy
E, > > (17)
C C
~2 Yup ~Sue ng (np —1) ngnp (ny —1)
op = (18)
w ~2 ~2
ng C ng C
~2 h) S nc.—-1 nc(n, -1
os, = MS ~ °MP S S ( P ) (19)
~2 ~2
npng C npng C
where the cpnversion factor, C, is estimated using Formula (20):

C=(Y—B)/w0 (20)
where wy ig equal to the certified mass fraction congentration determined by chemical analysis gf the
original bulk specimen. The variance of the medn mass fraction, w, can be calculated directly using
Formula (21):

~2 1 S —

Oow = S _+B (21)

~2|ng -1
ngnpng C
With ng —1| degrees of freedém. This equation is preferred in practice to Formula (4) becauge, in
general, fewer potentially negative substitutions have to be made to calculate the variance. Sincg the
componentd of variance approach depends on taking differences to estimate the individual comporjents,
~2 ~2
difficulties arise whemneither os, or op are negative. Use of Formula (21), rather than Formulh (4),
avoids the need torequate a negative variance to zero.
It is essentidl t@' the above computations that the conversion factor, C, remain constant throughodut the

test. If current drift, etc. induces changes in C, there might be practical limitations on the number of
measurements that can be taken for any one test. Data should, in that case, be acquired in separate
tests, and an estimate of each variance component determined for each test. A weighted average can
then be determined from the individual tests to obtain a final estimate for certification.

An example of the use of a spreadsheet for making these calculations is given in Annex A. Detailed
instructions are included.
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Criteria for certification

A research material is an acceptable candidate for certification if the relative uncertainty at the 95 % or
99 % confidence interval
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btability of the research material

tability of a research material should be determined as a-preliminary step in evaluatin
ertification. For specimens that are sensitive to electron bombardment, the specinj
t influence the choice of test parameters such as the‘excitation voltage, the beam
jsition time, and the electron beam size.

Stability of a specimen is measured by exposing it to the electron beam without st4
bment for a time period that would be used-ifiroutine EPMA, such as 10 s to 100 s, whil
-ray peak count rates of the elements present. The count rates can be measured on a
recorder using a direct display of the ratemeter signal or on a periodic integral trac
excursions are changed after X-ray eounts have been collected for a discrete time inte

b element X-ray count rates\eonsistently increase or decrease beyond about 0,5 %
ind the acceptable 1-signfa)Poisson counting statistics error during a reasonable ti
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providing the count rates needed for the analysis. Often, the excitation voltage a
ent can be reduced (while still maintaining the overvoltage needed for the X-ray lines
Lhe acquisition~time can be increased to avoid specimen instability and maintain 4
stics neededdfor’good test precision. In some cases, the electron beam can be defocus

beam resolution’is not needed in the analysis. A 5 um to 10 pm diameter beam is reco

defo
such

rusing is;used. The analyst should determine acceptable conditions through trial an
recofmimendations should be clearly specified in the CRM certificate.

larly if high
rtors as the

tivity of the specimen to the beam, the element concentration in the specimen, or the X-ray line

hcertainties.

kample of a spreadsheet for the statistical evaluation of heterogeneity-data are given i Annex A.

g a material
len stability
current, the

ge or beam
P measuring
atemeter or
(4] in which
rval such as

relative, or
me interval,
ments while
nd/or beam
being used)
he counting
ed if a point
mmended if
d error and

7 Determination of the chemical composition of CRMs

7.1

Classification of CRMs

The chemical composition of material for CRMs should be determined and the accuracy and precision of
both the analysis method and the test results for the particular material tested should be described on
the certificate. The class to which the CRM should be designated is determined by the extent of testing
carried out. Requirements for testing for each class are given in Annex B.

7.2 Determination of classification of CRMs

The determination of the chemical composition should be carried out by at least two independent
laboratories and the mean or weighted mean[ll[8lof their results used as the certified value. If possible,
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the laboratories should avoid replication of method-dependent systematic errors by using different
analytical methods. For class 1 CRMs, these analyses should be carried out in more than one country
and should include methods other than EPMA.

In cases where the difference between the results of two laboratories is larger than the accuracy of
the analytical method, the results of interlaboratory tests may be used to achieve a preferred value.
If this is not possible, a third laboratory should be involved as an arbitrator. This laboratory should be

affiliated to a national or international accreditation body.

7.3 Selection of analytical method

An Internatjonal Standard analytical method should preferably be used for the chemical compodition
determinatipn. If an International Standard method is not available, a classical method should be'fised.
The method used should have internationally acceptable accuracy and should be described in the
certificate.

7.4 CRM material tested by EPMA only

If only a smpll amount of material is available and the only way to test it is bp-EPMA, the laboratpries
participating in the analysis should have well-established expertise in thetanalysis of that partifular
type of matg¢rial and ideally be part of an accreditation programme. Thegse will not be class 1 CRMs.

8 CRM specimen preparation, packaging, transportation, and storage

8.1 Preparation of CRM specimen

The CRM mpterial should be mounted in a holder withgts flat, polished surface perpendicular tp the
electron begm. Non-conducting materials require a suitable conductive coating on the surface.

The polished surface of the CRM should have areas large enough for analysis, which are free [from
defects when viewed with an optical microscepe at x400 magnification. For the size requiremgnt of
these areas,|see 5.2.

8.2 Packaging

The CRM specimen should be _packaged in a suitable container to protect its working surfacq and
prevent danpage.

8.3 Storage

The CRM shjould be'stored under conditions designed to prevent deterioration. For most materials, an
air-tight degiccator-or cabinet are considered suitable. Certain materials can need special conditigns of
storage and|this'should be clearly stated on the certificate.

8.4 Repo

lishing and recoating of CRMs

CRMs will have to be repolished and recoated from time to time. This time interval will vary according to
the type of material. Hard non-reactive materials might only need recoating every two years while soft
reactive metals, oxides, and minerals might need repolishing and recoating every time they are used.
The certificate should state a time period after which repolishing and/or recoating is recommended.
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9 CRM certificate

9.1 C(Classification of CRM

The CRM shall be classified in one of the three classes of CRMs in accordance with the criteria given in
Annex B and the class should be indicated on the certificate.

9.2 Contents of the certificate

The CRM certificate should be written in accordance with ISO Guide 31.[2] It should include the name
of the —the-souree ke he Heer—the-batehnmber—a—deseription is—properties, its
preppration, instructions for use, and relevant references. The heterogeneity testing protedures and
results, the stability, and chemical determinations should be described in detail. A typicdl ¢xample of a
certificate is given in Annex C. The amount of information required will depend on the CRM class.

DAY/ I Q Q RN\
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Annex A
(informative)

Spreadsheet instructions for the statistical evaluation of

heterogeneity data

A.1 Gene

This annex
variance in
These calcu

A.2 Proc

A.2.1 Put
number or ¢

on point j.T]
followed by
The statisti

randomly s
single data
point j of sp

A.2.2 Mak
a single exp

A.2.3 For
replicated nj

ral

bives a step-by-step description of the use of a spreadsheet for calculating componer
5.5. An annotated spreadsheet that begins from step 3 below follows thes¢’instruct
ations can also be done with a computer program.

pdure

the data into a spreadsheet so that the name of the data point includes i, the spec
pde, j, the number of the point analysed on the specimen, and 'k, the replicate measure

he beam current, recorded before each data acquisition, should be placed in a single co
the data (X-ray peak height or peak integral) for eachelement tested in respective coly

lected points on each of ng randomly selected specimens. The integrated X-ray count
point is defined as Yy that is the reading for'the k th replicate measurement taken

ecimen i.

e current corrections to all data cheesing a single current value for evaluating all data
briment.

each point, j, in each specimen, i, calculate the mean count Y for that point fron
jeasurements for each~elément on that specimen.

A.2.4 Groyp all data forceach specimen and calculate the mean count for specimen, i, 17,', fro

points, j, in

A.2.5 Calg
in the exper;

fluding the repetitions, for each element.

ulatesthe grand average, Y, for each element from all points and repetitions in all speci
iment.

ts of
ions.

imen
ment
umn
mns.

cal notation is that ng replicated independent measurements are made at each of np

for a
from

from

n the

m all

mens

A.2.6 For each specimen, i, calculate the difference between the mean count at point j and the mean

count from all analysed points of specimen i, Yjj —Y;, for each element.

A.2.7 Calc

- =2
ulate the square of this difference, (Yij -Yi ) , for each element.

A.2.8 Sum the squares of these differences over all points, np, in all specimens, ng, for each of the
elements, as shown in Formula (A.1):

ng np

Sp=ng >, (¥ -Vi)

i=1 j=1

12

(A1)
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A.2.9 Calculate the difference between the specimen mean and the grand average, (;1 - Y), for each

element in each specimen.

A.2.10 Calculate the square of this difference, (1_’, — Y) , for each element in each specimen.

A.2.11 Calculate the “between specimen” sum of squares, S, for each element knowing the values for
np and ng as given in Formula (A.2):

r

Ng¢
§s =npng Y (Vi —17)& (A.2)
i=1

A.2.12 For each element in each tested point in each specimen, calculate (Yijk 5 1_/1']'), thie difference

between each single point measurement, and the average of the replicate measurements o that point.

- \2
A.2.13 Calculate the square of the difference, (Yijk - Yij) , for eachelement at each pgint in each

specimen.

A.2.14 For each element, calculate the error sum of the squares, as given in Formula (A.3):

1’15 nP nE

E = 2 2 Z (Yijk - 171'1' )2 (A.3)

i=1 j=1k=1

Lo,

A._2.]._5 Knowing the measured background; E, in counts/s for each element, calculatg the terms
(Y¥-B).

~

A.2.16 Then, from the certified weight fraction concentration, w,, of each element determined by

A~

chenjical analysis of the (bulk specimen, calculate the estimated conversion factor, C, using

Formula (A.4):

~

¢ = (17 - E) / ws (A4)

~

whete w isithe certified mass fraction value of the original bulk specimen as determined|by chemical

analysis,

A.2.17 The estimates of the variances 6* < and Gé can then be calculated using Formula (A.5),

) G )
EW PW w
Formula (A.6), and Formula (A.7):

_ 2k l,p
2 _Sup*B _ ngnp (ng - 1) A5)
EW ~2 ~2 .
Cc C
2 _Sup~Sup _ % (np—1) ngnp (n; 1)
52 - _ (A.6)
R, ~2 ~2
nEC nEC
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