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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

Electron probe X-ray microanalysis (EPMA) is a modern technique used to qualitatively determine and
quantitatively measure the elemental composition of solid materials, including metal alloys, ceramics,
glasses, minerals, polymers, powders, etc., on a spatial scale of approximately one micrometer laterally
and in depth. EPMA is based on the physical mechanism of electron-stimulated X-ray emission and X-ray
spectrometry.

As a major sub-field of microbeam analysis (MBA), the EPMA technique is widely applied in diverse
business sectors (hlgh -tech lndustrles basic industries, metallurgy and geology, blology and medicine,

2 adha idalas £ £ a-daeds ‘t
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Stanglardization of terminology in a technical field is one of the basic prerequisites for, deyelopment of
standlards on other aspects of that field.

This|International Standard is relevant to the need for an EPMA vocabulary that contains consistent
defirlitions of terms as they are used in the practice of electron probe microanalysis by the ihternational
scierftific and engineering communities that employ the technique.
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INTERNATIONAL STANDARD ISO 23833:2013(E)

Microbeam analysis — Electron probe microanalysis
(EPMA) — Vocabulary

1 Scope

This International Standard defines terms used in the practices of electron probe microanalysis (EPMA).
It coyersbotirgeneralamd specific toncepts classified according to their hierarchy fmasystgmatic order.

This|International Standard is applicable to all standardization documents relevant to\the|practices of
EPMA. In addition, some parts of this International Standard are applicable to those documgnts relevant
to the practices of related fields (SEM, AEM, EDX, etc.) for definition of those terms-€ommon to them.

2 Abbreviated terms

BSE backscattered electron

CRM certified reference material

EDS energy-dispersive spectrometer

EDX energy-dispersive X-ray spectrometry

EPMA electron probe microanalysis or electron probe microanalyser

eV electronvolt

keV kiloelectronvolt

RM reference material

SE secondary electron

SEM scanning electromimicroscope

WDS wavelength<dispersive spectrometer

WDX wavelerigth-dispersive X-ray spectrometry

3 Definitions of general terms used in electron probe microanalysis

3.1

electron probe microanalysis

EPMA

technique of spatially-resolved elemental analysis based upon electron-excited X-ray spectrometry with a
focussed electron probe and an electron interaction volume with micrometer to sub-micrometer dimensions

3.1.1

qualitative EPMA

procedure in EPMA leading to the identification of the elements present in the electron-excited
interaction volume by a systematic method for the recognition and assignment of X-ray spectral peaks
to specific elements

© IS0 2013 - All rights reserved 1
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quantitative EPMA
procedure leading to the assignment of numerical values to represent the concentrations of elemental
constituents that had been previously identified in the electron-excited interaction volume during the
qualitative analysis phase in EPMA

Note 1 to entry: Quantitative analysis can be accomplished by comparing the unknown X-ray peak intensities
to X-ray peak intensities measured under the same conditions using reference material(s) or by calculating the
concentration from first principles (also known as standardless analysis).

3.2

electron pr,
instrument

Note 1 to ent]
microscope f

3.3
electron sc
deviation in
result of an

3.31

angle of sc4
scattering ;
angle betwd
photon is tr

[ISO 18115-

3.3.2

backscatte
escape of 4
trajectories

3.3.2.1
backscatte

n
fraction of b

n =n(BY

where n(B)

3.3.2.2
backscatte
electron eje

be mir‘rnanalycpr

for carrying out electron-excited X-ray microanalysis

y: This instrument is usually equipped with more than one wavelength spectrometer dnid-an o
b1 precise specimen placement.

httering
trajectory and/or kinetic energy suffered by an impinging energetic beam electron
nteraction with a specimen atom or electron

ttering

ingle

en the direction of the incident particle or photoncand the direction that the partid
hveling after scattering

1:2010]

"ing
eam electrons from the specimen-fellowing sufficient scattering events to cause
to intersect the entrance surface-ofithe specimen

' coefficient

eam electrons that afé)backscattered, given by the equation

)/n(B)

s the numbeér of incident electrons and n(BS) is the number of backscattered electrons

red electron

btical

as a

le or

e the

cted from the entrance surface of the specimen by a backscattering process

3.3.2.3

backscattered electron angular distribution

distribution

3.3.2.4

of backscattered electrons as a function of the angle relative to the surface normal

backscattered electron depth distribution
distribution of backscattered electrons as a function of the maximum depth into the specimen reached
before travelling back to the entrance surface to exit the specimen
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3.3.3

continuous energy loss approximation

mathematical description of energy loss by fast electrons propagating through matter in which all of the
discrete inelastic processes are approximated as a single continuous energy loss process

Note 1 to entry: Also known as the continuous slowing-down approximation (CSDA).

3.3.4

elastic scattering

interaction of an energetic electron from the impinging beam and a specimen atom during which the
electron’s energy remains essentially unaltered but its trajectory is changed by an angle from 0 up to

{10007 i+l £ 3 ol 0 1 2|
Tt rag (LTOU J Wit dir aveTagC UT apP PTOATIITATCTy U, T T ad

3.3.5
inelgstic scattering
interjaction of an energetic electron from the impinging beam and a specimen atom or ele¢tron during
which kinetic energy is lost to the specimen by various mechanisms (secondany electron generation,
bremsstrahlung, inner shell ionization, plasmon and photon excitation)

Note [ to entry: Forinelastic scattering, the electron trajectory is modified by a smalyangle, generally less|than 0,01 rad.

3.3.4
scatfering cross-section

number of scattering events per unit area

matHematical description of the probability of a scattering:event (elastic or inelastic)

Note [l to entry: See ionization cross-section (3.4.4).

Note P to entry: Scattering cross-section is usually expréessed simply as an area, in cm2. The number| of scattering
even{s per unit area is expressed in events/(atoms/era?).

3.3.7
scattering effect
meagurable physical phenomenon, such-as electron backscattering or loss of X-ray gengration, that
results from modification of the trajectory and/or kinetic energy of an impinging enefgetic beam
electiron by scattering processes.inthe specimen

3.3.4
secondary electron
Elecqron emitted from.the specimen as a result of inelastic scattering of the primary beam electron by
loosdly bound valence<level electrons of the specimen

Note |l to entry: Secondary electrons have conventionally an energy less than 50 eV.

3.4
X-ray
photpof electromagnetic radiation created by fluorescence of an inner shell electron vdcancy or by

d 43 £ 3 ] 4 3 o (C 1 hiafiold oF€ 4
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3441

characteristic X-ray

photon of electromagnetic radiation created by the relaxation of an excited atomic state created by
inner shell ionization following inelastic scattering of an energetic electron or ion, or by absorption of
an X-ray photon

3.4.2

continuous X-ray

photon of electromagnetic radiation created by deceleration (an inelastic scattering mechanism) of an
energetic electron in the Coulombic field of an atom

© IS0 2013 - All rights reserved 3
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fluorescence yield

w

fraction of inner shell ionization events that give rise to characteristic X-ray emission during subsequent
de-excitation

Note 1 to entry: The fluorescence yield is independent of the method of ionization.

3.44

ionization cross-section
number of ionization events per unit area

mathematic
particular b

Note 1 to ent

Note 2 to ent
Ionization ev|

Note 3 to ent}
dn =Q(Np/A)
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pound electron shell into the unbound vacuum, or continuum, energy level or state
"y: See scattering cross-section (3.3.6).

ry: lonization cross-section is usually expressed simply as an area, in cm?2 or indarns (10-24
ent probability is expressed in events/(atoms/cm?2).

y: lonization cross-section is usually denoted by Q, which is defined by the mathematical exprg
1x where dn is the number of ionization events which occur in each increment dx of electron pat|

Np/A is the nimber of atoms per unit volume.

3.4.5

ionization ¢
critical excif
edge energy

e nergy
ation energy

minimum emergy required to ionize an atomic electron, i.e. £6 ¥émove a bound electron from a she

L,etc) to (a
Note 1 to ent

3.4.6
J-value

5 a minimum) the continuum of energy states in a solid

"y: lonization energy units are eV or keV.

mean ionizaftion energy, a critical parameterin mathematical descriptions of the continuous energy

approximat

3.4.7

on

stopping power

dE/ds
rate of ener

gy loss experienced by a primary electron (from all inelastic scattering processes)

distance trayvelled in the specimen

Note 1 to ent

3.4.8
X-ray fluors¢

Fy: Stopping'‘power is expressed as energy loss/unit distance (e.g. eV/nm).

pbscence effect

cm?2).

ssion
h and

11 (K,

loss

with

luorescence

secondary

photoelectric absorption of an X-ray (characteristic or bremsstrahlung) by an atom, resulting in an
excited atomic state which will de-excite with electron shell transitions and subsequent emission of an
Auger electron or the characteristic X-ray of the absorbing atom

3.49

X-ray generation
generation of X-rays in the specimen under the stimulation of an incident beam of radiation (electrons,

ions or phot

ons)

Note 1 to entry: X-rays can be generated through the ionization of inner atomic shells (characteristic X-rays) or
through the “braking radiation” (bremsstrahlung) process (continuum or white radiation).
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3.5

X-ray absorption

attenuation of the intensity of X-rays passing through matter, arising primarily from photoelectric
absorption for X-ray energies appropriate to EPMA

3.5.1
absorption edge
critical ionization energy for a particular shell or subshell of an atom species

Note 1 to entry: Absorption edges are detected in spectra as discontinuities in the X-ray continuum
(bremsstrahlung) background due to a sharp change in the X-ray mass absorption coefficient at the edge.

3.5.
absarption factor

Q)

ratiolof emitted X-ray intensity to the generated intensity in a specific direction towdrds the X{ray detector

3.5.3
depth distribution function

$(pz

function which describes the distribution of generated X-rays as a function of depth below the
specjmen surface

Note|l to entry: pz is expressed in units of density x thickness (depth):

3.54
jump ratio
<EPNIA, TXRF> ratio of the X-ray absorption coefficiént at an energy just above an absorption edge to
that at an energy just below the edge

Note|1 to entry: X-ray absorption spectra can have complex shapes for X-ray energies in the vicinity of
photgionization thresholds, and a well-defined edge is not always observed at the threshold.

[ISO[18115-1:2010]

3.5.5
mas$ absorption coefficient
w/p
matgrial parameter that relates the loss of X-ray intensity due only to photoelectric absorption during
passage through matter,where p is the linear absorption coefficient and p is the material density

Note [l to entry: Its dithensions are area/mass (e.g. cm2/g). It is sometimes referred to as the mags absorption
cross|section.

3.5.4
mas$ atténuation coefficient
uip | ¢
matdra
during p

aramete 3 ates 3 RS img processes
assage through matter, given by the equation

I/Io = exp[-(u/p)ps]

where Iy is the incident X-ray intensity,  is the intensity remaining after passage through a distance s of
the material, u is the linear attenuation coefficient, p is the material density, s is the path thickness in cm

Note 1 to entry: Its dimensions are area/mass (e.g. cm2/g). It is sometimes referred to as the mass attenuation
cross section.
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mass-depth distance

pz
description

of a dimension in terms of the product of linear distance (cm) and density (g/cm3)

Note 1 to entry: It is expressed in grams per square centimetre.

3.5.8

X-ray take-off angle

)

angle between the specimen surface and the central axis of the X-ray spectrometer

3.6
X-ray spect
plot of the X

Note 1toentr

3.6.1
characteris
X-ray peaks
ionization (d
and emissio

3.6.1.1
family of X-
systematic
particulars

3.6.1.2
K-line

one of the characteristic line emissions following K:shell ionization

3.6.1.3

K-spectrum

series of chg

3.6.1.4
L-line

one of the characteristic line emissions following L-shell ionization

3.6.1.5
L-spectrumn
series of ch3

3.6.1.6
M-line

rum
Lray photon abundance as a function of the energy or wavelength

/: Most often, the number of photons/unit time is plotted, but other measures of the intensity are pos

tic X-ray spectrum

or lines associated with a particular atom species and generated\as a result of inner
aused by an energetic electron, ion, or photon) followed by inter-shell electron transi
h of excess energy as a photon of electromagnetic radiation

ray lines
set of characteristic X-rays produced as a result@f all possible routes of ionization|
hell/subshell and the subsequent inter-shell ele¢tron transitions that occur

racteristic X-rays arising from ionization of an electron bound in the K-shell of an aton

racteristi¢X-rays arising from ionization of an electron bound in the L-shell of an aton

sible.

shell
tions

of a

one of the cl

3.6.1.7

aracteristic tine emissions folfowing M-steti fonization

M-spectrum
series of characteristic X-rays arising from ionization of an electron bound in the M-shell of an atom

3.6.1.8
satellite lin

e

low relative abundance feature near a characteristic peak that can result from any of a variety of
processes or situations: “forbidden” transitions, “non-diagram” lines and doubly-ionized atoms
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3.6.1.9
X-ray line table
table of fundamental parameters for qualitative analysis by EPMA

Note 1 to entry: The X-ray line table for qualitative analysis by EPMA contains the wavelengths (or energies) of K-,
L- and M-lines of the elements to be analyzed. It may also include their relative intensities, the full width at half
maximum (FWHM) of each peak, the names of the diffraction crystals used and their interplanar spacings, and
the wavelengths (or energies) of satellite lines.

3.6.2

continuous X-ray spectrum
continuum
bremsstrahlung

brakjng radiation
non-tharacteristic X-ray spectrum created by electron deceleration in the CoulombicTield of an atom
and having an energy distribution from 0 up to the incident beam energy Ep (Duane-Hunt ljmit)

3.6.3.1
Duane-Hunt limit
beam energy

Eo
maximum photon energy found in the continuous X-ray spectrum eorresponding to complet¢ conversion
of anincident electron’s energy in a single event

3.6.3.2

Kramers’ law
expf:Eimental observation of the intensity of the X-ray.¢ontinuum as a function of the incident electron
beam energy, the photon energy and the atomic number of the specimen

4 DPefinition of terms used to describe EPMA instrumentation

4.1
electron optics
system of electrostatic and electromagnetic lenses that make up the beam forming system

4.1.1
condenser lens
first demagnification lens,.i/e. in a two-lens system the lens located immediately below the ¢lectron gun

Note|l to entry: Its prini€ipal function is to define the current in the beam.

4.1.11
condenser lens'aperture
fixed diaphFagm with an axial opening that defines the angular transmission of the condenfser lens

4.1.1.2

condenser lens current
externally-adjustable current flowing in the coil of the condenser lens which generates the magnetic
field that provides focussing action

4.1.2

demagnification

numerical value by which the diameter a beam exiting a lens is reduced in size, relative to the incident
diameter, by the focussing action

Note 1 to entry: Equal to p/q, where p is the distance from the object to the center of the lens, and q is the distance
from the image to the center of the lens

© IS0 2013 - All rights reserved 7
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electron gun
source of electrons in EPMA, consisting of an emitter (heated tungsten or LaBg filament, or cold or
thermally-assisted field emitter tip) and electrostatic extraction and accelerating optics

4.1.3.1

electron gun brightness

B

current per

unit area per unit solid angle in the beam, given by the equation

B = 41/ (m2d2a?)

where [ is th

4.1.3.2
electron gu
beam curre}

current in tlhe beam as it exits the final element of the electron gun assembly

4.1.4
objective l¢
electron prd
and below t

Note 1 to ent

41.4.1
objective l¢
any of varig
the focussed

4.1.4.2

objective l¢
diaphragm
the focussed

Note 1 to ent

41.4.3
objective l¢g

externally-ddjustable curréntflowing in the coil of the objective lens which generates the magnetiq

that provide

4.1.5
working di
distance bef

e current (A), d is the beam diameter (cm) and « is the beam divergence (rad)

n current
ht

ns
be forming lens, i.e. in a two-lens system the lens located immediately above the spec
he condenser lens

"y: The principal function of the lens is to focus the final probe.

ns aberration
us lens defects (spherical aberration, chromyatic aberration, diffraction, etc.) that deg
| probe

ns aperture
vith an axial opening placed ahowve the objective lens that defines the angular diverger
| beam and that reduces sphérical aberrations

Fy: Generally, a selection gf apertures is provided on an externally adjustable slider.

ns current

s focussing action

stance

lmen

rade

ce of

field

ween the lower surface of the polepiece of the objective lens and the specimen surfacq

Note 1 to entry: In the past, this distance was defined as the distance between the principal plane of the objective
lens and the plane containing the specimen surface.

4.2
electron be

am

(electron optics) electron beam prior to focussing by the electron optical system onto the specimen

4.2.1

beam current
electron current contained within the electron beam

Note 1 to entry: See electron beam (4.2).
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4211
beam current density
beam current normalized by the beam area

Note 1 to entry: It is expressed in amperes per square centimetre.

4.2.1.2
beam current stability
variation with time of the beam current

Note 1 to entry: See beam current (4.2.1).

IS0 23833:2013(E)

4.2.1.3
beam diameter

diameter of the electron beam containing a specified fraction of the total current,for example 0,8

(80 %) of the total

Note [l to entry: See electron beam (4.2).

Note P to entry: The beam diameter can be measured as the full peak width at half maximum (FWHM) of the beam

currgnt across the diameter of the cross-section perpendicular to the beam.

Faraday cup

speclaltargetfor capturingtheincidentbeam currentwithnegligiblelossof currentduetobadkscattering,

secopdary electron emission, or photoemission

Note |l to entry: The Faraday cup typically consists of a blind hole drilled into a carbon block covered with a metal

aperture with an opening of approximately 100 pm in diameter.

4.3
electron probe

(elecfron optics) electron beam focussed.by the electron optical system onto the specimen

Note |l to entry: (instrumentation) See electron probe microanalyser (3.2).

Note P to entry: Typical beam diameters at the specimen plane range from nanometers to micromefers.

4.3.1
prohbe current
electiron current contain€d within the electron probe

Note|l to entry: See-glectron probe (4.3).

4.3.1.1
probe current density
probg currént normalized by the probe area

Note I+t6-entrywltis-expressedinamn
HF-reiSs-expresseatiam

Tt Ty P

4.3.1.2
probe current stability
variation with time of the probe current

4.3.2
probe diameter

diameter of the probe containing a specified fraction of the total current, for example 0,8 (80 %) of the total

Note 1 to entry: The probe diameter can be measured as the full peak width at half maximum (FWHM) of the

probe current across the diameter of the cross-section perpendicular to the probe.
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specimen stage
component of an electron probe X-ray microanalyser that operates to translate the specimen, usually in

atleast two

dimensions (along x- and y-axes perpendicular to the beam)

Note 1 to entry: Movement in three dimensions (x-, y- and z-axes, where z- is parallel to the beam) and specimen
tilt and rotation may also be provided.

4.3.4

absorbed current
specimen current

current flov

the beam cy
secondary €

4.4

electron sc
scanning im
image const
information|
and display
storing it as

441
area scannj
beam scann

4.4.2

backscatte
scanningele
(e.g. passive

4.4.3
compositio

TIITCTT—ortT

rrent injected into the specimen and the current emitted as backscattered electrony
lectrons

cIre—crrrererrtce—oeT

hnning image

age

ructed by moving an incident electron beam to discrete locations on"ayspecimen, colle
generated therefrom (secondary electron signal, backscattered eléetron signal, X-rays
ng this signal at a corresponding point in a visual display such as a cathode ray tul
a numerical value at a computer memory location

Ing
ing action to cover a specific area of the specimen during the recording of an X-ray ma

red electron image
ctron beam image in which a signal is derived from a dedicated backscattered electron det
scintillator, solid-state diode, channel plate or negatively-biased Everhart-Thornley dete

nal mapping

X-ray mapping in which all significant corrections are performed at each picture element to prod

map in whid
the final dis

4.4.4
dot mappin

h the quantitative concentiation of an element is used to select the grey or colour sca
play

8

form of dis
(black) or o

Note 1 to ent

4.4.5

lay for X-ray amaps in which the X-ray intensity is used to select a two-state displa
(white)

Fy: Dot maps are purely qualitative in nature.

edge effect

veen
and

cting
etc)
be or

ector
Ctor)

lice a
e for

fy, off

phenomenon in which a secondary electron image appears bright, especially at a protuberance or the
edge of an uneven part of the specimen, owing to an increase in the number of secondary electrons
emitted from such an area

4.4.6

image contrast

C

difference in signal between two arbitrarily chosen points (P1, P2) of interest in the image field,

normalized

by the maximum possible signal available under the particular operating conditions

Note 1 to entry: C=[S2-S1|/Smax (0 < C <1), where Sz and S7 are the signals from the two arbitrarily chosen points
(P1, P2), respectively, and Sy ax is the maximum possible signal available under the particular operating conditions.

10
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4.4.7

image magnification

ratio of the linear dimension L of the scan display (e.g. along an edge) to the corresponding length [ of the
scan field on the specimen

M=LJI

Note 1 to entry: Historically, the magnification was related to the size of the roll film used to photograph the CRT image.
For digital images displayable on screens of various sizes, it is more appropriate to specify the size of the scan field.

4.4.8
image resolution
minimum spacing at which two features of an image can be recognized as distinct and sepdrate

Note |1l to entry: Image resolution can be measured as the minimum distance betweentwo6 sepdrable details
displayed by the image under the operating conditions chosen.

449
line analysis
analysis obtained when the electron probe is stepped across a portioniofithe specimen in afline

Note|l to entry: The analytical points along the line analysis should be equidistant from each otherfand have the
same|electron probe dwell time.

4.4.10
point analysis
analysis obtained when the electron probe is placed at@single location and held there for the duration
of thg spectrometric measurement

4411

secondary electron image
scanfing electron beam image in which thesignal is derived from a detector that selectivgly measures
secomdary electrons (electrons havinglessthan 50 eV) and isnot directly sensitive to backscattered electrons

4.4.12
absarbed current image
specjmen current image

scanhing electron beam image prepared with a signal derived from the current absorbed by the
specimen and conducted te‘ground

Note [l to entry: A specimen currentamplifier in series with the specimen is used to measure the speclmen current.

4.4.13
X-ray image
scanhing electron beam image in which the output X-ray count rate from an energy-djspersive or
wavglength-dispersive X-ray spectrometer is used to modulate the brightness of the displayed pixel
corr¢sponding to the beam position on the specimen

Note 1 to entry: The X-ray signal typically represents a narrow range of energy AE or wavelength range AA that
arises from a particular elemental species, along with the associated continuum in that range.

4.5
X-ray detection
measurement of an X-ray event employing an X-ray detection system

4.5.1

coincidence losses

(in serial processing of X-ray events) the loss of X-rays incident on the detector due to the restriction of
the pulse measurement circuitry to processing one pulse at a time, resulting in dead time
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counter energy resolution
width of the distribution of counting pulses produced by monochromatic X-radiation in a proportional

counter

4.5.3

counting pulse

charge colle

4.5.4
counting st

cted in a proportional counter from the interaction of a single X-ray photon

atistics

mathematic

4.5.5

counting sy
pulse count
electronic s
energy-disp

4.5.6

dead time
T

time that th
event and fT]

Note 1 to ent

4.5.7

discrimina
(pulse procg
to define a1

4.5.8
discrimina

minimum vo¢ltage value an amplified pulse'must reach for acceptance by the pulse counting systen

4.5.9
discrimina
voltage rang

counting sy$

4.5.10
gas multipl
method of a

Note 1 to ent

1 £l dictarlo ot £ ot L. A3 4+ L 1 4+ P . V.4
Al ITICASUTI TS UL LIIT UISLITUULIUIT UL STULUITIAS LIV TVUIILS SUUIT dS5 CICULTI UITTUTAUILCU A lCl_yD

stem

ng system

ystem used to detect and measure counting pulses from a gas proportiohal counter
ersive X-ray detector

equently expressed as a percentage of the total time

"y See live time (4.5.11).

for

hinimum or maximum pulse voltage for acceptance

for threshold

for window

tem

ication

mplification of an X-ray signal in a proportional counter

ry:An a proportional counter, X-rays are detected following photoelectric absorption by a gas

and subsequ

e system is unable to record a photon measurement becauséeitis busy processing a prey

ssing circuitry of a wavelength-dispersive'X-ray spectrometer) a circuit whose functi

e above the discriminator threshold that a pulse must fall within for acceptance to the |

et gjection of an electron, which can scatter inelastically with other atoms and ionize them

pr an

yious

on is

—

hulse

atom
with

the ejection of low-energy electrons. These low-energy electrons are accelerated 1n the applied I1eld, an
themselves cause ionizations, multiplying the original deposited charge.

4.5.11
live time

time that the pulse measurement circuitry is available for the detection of X-ray photons

Note 1 to entry: See dead time (4.5.6).

d can

Note 2 to entry: Live time = real time for analysis minus dead time. Real time is the time that would be measured
with a conventional clock. For X-ray acquisition, the real time always exceeds the live time.

12
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4.5.12

proportional counter

gas-filled chamber for X-ray detection in which the X-ray energy is transferred to a photoelectron which
then scatters inelastically

Note 1 to entry: There is a range of accelerating voltages for which, when the accelerating voltage is applied to a
central collection wire, the charge collected will be proportional to the photon energy.

4.5.13
pulse height distribution

the statistical distribution of counting pulses produced from photons of the same energy captured in a
prop rf\'nnr\] colntar

TrotTro-coTrIreeT

4.6
X-ray spectrometry
metHod in which an X-ray spectrometer is used to measure the energy or wavelength digtribution of
X-ray photons

4.6.1
charjacteristic peak
localjzed feature in an X-ray spectrum with higher intensity than the general level of the background
radigtion that is associated with a specific atomic species

Note |l to entry: Characteristic peaks are produced as a result of agequence of inner shell ionizatioh followed by
inter{shell electron transitions and electromagnetic radiation entission.

Note |2 to entry: The natural peak width in energy units is approximately 1 eV to 3 eV.

4.6.72
detector
devige for detecting an X-ray photon and/or measuring the energy of that photon

Note [l to entry: Examples of X-ray detectors include gas-filled proportional counters, microcalorimefers, intrinsic
germpnium (Ge) detectors, lithium-driftedsilicon (Si-Li) detectors, and silicon drift detectors (SDD).

4.6.3
deteftor artefacts
featyre introduced into the X-ray spectrum as a result of the detection process (e.g. coincldence peak,
escape peak, higher-orderpeak) and notrelated to the true X-ray spectrum as emitted from the specimen

4.6.4
energy-dispersive X-ray spectrometer
EDS
devi¢e for detexmining X-ray intensity as a function of the energy of the radiation

4.6.4.1
dead layer
region-of the semiconductor crystal immediately below the surface electrode which has a reduced
efficiency, relative to the interior of the crystal, for the collection of charge deposited when an X-ray
photon is absorbed

4.6.4.2

false peak

artefact peak

peak in an energy-dispersive X-ray spectrum caused by processes such as pulse coincidence (or pulse
sum) and radiation loss from the detector (e.g. Si escape peak)
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internal fluorescence peak
any spectral feature that is produced by fluorescence within the detector, rather than from excitation
of the specimen

EXAMPLE

The condition in a semiconductor EDS in which a photon is absorbed photoelectrically in the

dead

layer just below the front surface of the electrode, and the subsequent emission of the characteristic photon of
the detector material (e.g. Si) appears as a contribution to the measured spectrum as an equivalent low-intensity
source apparently arising in the specimen.

4.6.4.4
microcalor

meter EDS

energy-disy
subsequent
temperatur

4.6.4.5

semicondu
energy-disp
crystal and

4.6.4.5.1
intrinsic Ge
energy-disp
Ge crystal

4.6.4.5.2

ersive spectrometer that operates on the basis of photoelectric absorption
thermalization of the photon energy followed by thermometry to determing
e rise in the absorber

ctor EDS
ersive spectrometer thatoperateson the basis of photoelectricabsorptioninasemicond
nelastic scattering of the photoelectron leading to charge deposition-and measuremer|

EDS
ersive spectrometer that operates on the basis of photeelectric absorption in an inty

lithium-drifted silicon detector EDS

Si-Li EDS
energy-disy
doped Si cry

4.6.4.5.3
silicon drif
SDD EDS
energy-disp
which electy]

4.6.4.6

escape pea
peak that od
such as Siin

Note 1 to enti

ersive spectrometer that operates on the“basis of photoelectric absorption in a
stal

t detector EDS

prsive spectrometer that operates on the basis of photoabsorption in a silicon cryst

k
curs as a resultefthe loss of incident photon energy by fluorescence of the detector mat
an Si-Li EDS(detector

y: Escapépeaks occur at an energy equal to that of the incident characteristic peak minus the e

of the X-ray line(s) emijtted by the element(s) in the detector (1,74 keV for Si).

Note 2 to ent

FyEscape peaks cannot occur below the critical excitation energy of the material, so in an Si-1

and
the

ictor
t

insic

n Li-

al in

ic fields transverse to the detector surface are used to guide electrons to the collection ajnode

erial

hergy

1EDS

detectoran S

4.6.4.7
sum peak

I Kescape peak does ot occur for energies betow 1,84 ke V-

artefact peak that arises from pulse coincidence effects which occur within the pulse pair resolution of
the pileup inspection circuitry

Note 1 to entry: Sum peaks appear at energies corresponding to the sum of the energies of the photons which
arrive at the detector essentially simultaneously.

4.6.4.8
system pea

k

artefact peakin an EDS spectrum caused by excitation of the specimen stage, the collimator, the chamber
and the polepiece remote from the specimen due to an unfocussed component of the primary incident
beam and/or backscattering from the specimen
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4.6.5

energy-dispersive X-ray spectrometry

EDX

EDS

form of X-ray spectrometry in which the energy of the individual photons is measured and is used to
build up a digital histogram representing the distribution of X-rays with energy

4.6.6

energy resolution

width of a peak as measured by an energy-dispersive X-ray spectrometer and expressed as the full peak
width at half the maximum of the peak height

Note|l to entry: For EDS, energy resolution is usually specified as the value for Mn Ka (5,890 keVj| because this
line dan be obtained from a radioactive iron-55 isotope source.

Note |2 to entry: Spectrometers that claim detection of X-rays lower than 1 keV shallalso be spdcified by the
FWHM of the C-K and the F-K lines. The specified FWHM shall be an upper limit.

Note B to entry: Adapted from ISO 15632:2012.

4.6.7
full peak width at half maximum
FWHM

meagure of the breadth of an X-ray peak in which the baekground is first removed t¢ reveal the
complete peak profile

Note [l to entry: The maximum peak intensity is determined by fitting the full set of peak channels, 3nd the width
is defermined at half the peak height.

4.6.94
in-h¢le spectrum
X-ray spectrum measured while the beam»is-placed within a Faraday cup/cage placed at [the position
whetle a specimen would normally underge-analysis

Note |l to entry: This procedure is used to.determine the extent of stray radiation in an electron beam instrument.

4.6.9
interfering peak
composite peak containing-intensity contributions from more than one characteristic X-rayf peak

4.6.10
naturral line width
natural peak width
finite width of-a'characteristic X-ray peak which is a consequence, through the Heisenbergfuncertainty
pringiple, of-the finite lifetime dt of the excited state of a photo-ionized atom resulting in anfuncertainty
dE ir] the photon energy

4.6.14
peak shift
change in the position of an X-ray peak, typically caused by chemical bonding effects

4.6.12
pulse height analysis
technique for separating X-rays of different energies that diffract at the same WDS setting

Note 1 to entry: In diffraction-based wavelength dispersive spectrometers, peak interference can occur when
photons of two different energies but which have the same value of the product nA diffractatthe same spectrometer
setting (nA = 2dsin@). By operating the high-voltage gas ionization detector in the voltage regime where charge
collected on the central wire is proportional to photon energy, the distribution of pulses coming from the detector
will have a separate peak for each of the two photon energies entering the detector. Discrimination of the pulse
peaks is achieved by placing a voltage acceptance window in the pulse processing amplification chain.
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4.6.13
spectrometer efficiency
fraction of photons incident upon an X-ray spectrometer that are actually detected

4.6.14

wavelength-dispersive spectrometer

WDS

device for determining X-ray intensity as a function of the wavelength of the radiation, where separation
is based upon Bragg’s law, nA = 2dsinf, where n is an integer, A is the X-ray wavelength, d is the spacing of
the atom planes of the crystal or the repeated layers of a synthetic diffractor and 6 is the angle at which

constructive interference takes place

Note 1 to ent
response reg

4.6.14.1
d-spacing

spacing of the atomic planes in a crystal or the repeat distance in a synthetic multilayeér structure

as a diffract]

4.6.14.2
defocussing
deviations
caused by s

Note 1 to ent|
properties sy

circle. Defocyissing may cause a loss in spectrometer transmission, especially if the motion is in the dire

perpendiculd

4.6.14.3

diffracting
X-ray scatte
of atoms obf

4.6.14.4

high-order
peak obsery
(in the Brag

4.6.14.5
horizontal
arrangemery
electron besd

4.6.14.6
inclined ge

Fy: X-rays diffracted at a particular angle are directed to a gas counter operated in the propobf
me where the charge produced is proportional to the photon energy.

or

LAl

f the X-ray source from the Rowland circle, due for example to the beam displace
anning

ry: The wavelength-dispersive spectrometer with curve@ diffracting crystals has optical focy
ch that the position of the X-ray source, the diffractor and the detector must all lie on the Roy

r to the diffractor thickness or out of the diffractorplane.

crystal
ring element in a wavelength-dispersive X-ray spectrometer, consisting of a periodic 4
ained either in a natural crystaloiin a synthetic multilayer

diffraction
ed with a wavelength-dispersive X-ray spectrometer for which the order n of the diffra
b equation nA = 2dsind) is greater than 1

seometry
t in WDS where the plane of the spectrometer (or Rowland circle) is perpendicular t
m axis

pimetry

ional

used

ment

ssing
vland
ction

\rray

ction

O the

arrangement in WDS5 1n which a significant traction ot the plane of the spectrometer (or Kowland ¢

is projected

4.6.14.7

onto the electron beam axis

Johann optics
wavelength-dispersive X-ray spectrometer in which the diffractor is bent to a radius twice that of the

Rowland cir

4.6.14.8

cle, achieving a “semifocussing” situation

Johansson optics
wavelength-dispersive X-ray spectrometer in which the diffractor is bent to a radius twice that of the

Rowland cir

16

cle and then its surface ground to the radius, achieving a fully focussing situation

rcle)
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4.6.14.9

layered synthetic microstructure

LSM

diffractor created artificially by alternating layers of a material (e.g. tungsten) with strong X-ray
scattering power and a weak scattering material (e.g. carbon) to create large grating spacings for
diffracting low-energy (long-wavelength) X-rays

4.6.14.10

LDE crystal

layered synthetic microstructure diffractor having a wide spacing to permit diffraction of long-
wavelength (low-energy) X-rays

4.6.14.11

Rowl]and circle
circlg¢ of focus along which the X-ray source, the diffractor and the detector must alllie tp satisfy the
Bragpg condition and obtain constructive interference

4.6.14.12

vertjcal geometry
arrangement in WDS where the plane of the spectrometer (or Rowland circle) is panallel to the
elecfron beam axis z

4.6.15
wavelength-dispersive spectrometry

wavelength-dispersive X-ray spectrometry
WDX
metHod for examining the intensity of X-rays as a fungction of the photon wavelength

4.6.16

wavelength resolution
full peak width at half maximum of a peak in terms of wavelength (AA) obtained from ajsingle X-ray
trangition by a WDS

4.6.17
wavelength resolving power
AJAA
recigrocal of the ratio of the'full peak width at half maximum of a peak in terms of wavelength (AA)
obtalned from a single X-yay fransition by a WDS to the wavelength (1) of that peak

5 Definitions of terms used in EPMA methodology

5.1
accelerating.voltage
potential difference applied between the filament and the anode to accelerate the electrpns emitted
from| the source

5.1.1
incident electron energy
kinetic energy of beam electrons as they enter the specimen

5.1.2
optimum accelerating potential
applied accelerating voltage providing the ideal beam energy for the measurement of a particular X-ray peak

Note 1 to entry: The optimum accelerating potential is based upon the need to establish sufficient overvoltage for

excitation while avoiding too great a depth of production and subsequent loss of intensity due to self-absorption
within the specimen.
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overvoltage ratio

ratio of the i

ncident beam energy to the critical excitation energy for a particular atomic shell

Note 1 to entry: This factor must be greater than unity for characteristic X-ray production to occur from that

atomic shell.

5.2

detection limit
smallest amount of an element or compound that can be measured under specific analysis conditions

Note 1 to en

ry: By convention, the detection limit is often taken to correspond to the amount of materi

I for

which the tot
signal above
discussion off

Note 2 to en
expressions g

Note 3 to ent
[ISO 18115-

5.21
absolute dd
detection liff

5.2.2

analytical 4
for the part
two concent

Note 1 to en
detection) an|

5.2.3
backgroun
non-charact

5.2.3.1

backgroun
mathematic
low-frequen
that only thg

5.2.3.2
backgroun
mathematic

al signal for that material minus the background signal is three times the standard deviatien
the background signal. This convention may not be applicable to all measurements and,for. a
detection limits, Reference [7] should be consulted.

ry: The detection limit may be expressed in many ways depending on the purpose. Examp
re mass or weight fraction, atomic fraction, concentration, number of atoms and-mass or weig|

Fy: The detection limit will generally be different for different materials.

1:2010]

tection limit

ensitivity
cular measurement conditions in use, ability‘to distinguish, for a given element, bet}
rations C and C’ that are nearly equal

try: The sensitivity is limited by the background statistical fluctuations (concentration lij
d described by an appropriate statistical'éxpression.

il
eristic component of an Xfray spectrum arising (ideally) from the X-ray continuum

1 filtering

pl technique for'spectrum processing, based upon a frequency filtering approach in W
cy components.of the spectrum, which include the background, are selectively remov
e characteristic peaks remain

1 modelling
nl-technique for spectrum processing to extract characteristic peaks from backgr

bf the
fuller

les of
ht.

hit expressed as the equivalent mass of the element of interest within the interaction voJume

ieen

hit of

rhich
bd so

pbund

based upon a mathematical description of the background (e.g. Kramers” [aw]) in terms of beam energy,

photon ener

5.2.3.3

gy and specimen composition

linear interpolation
method of background subtraction in which a background channel is selected on each side of a peak, and
a linear fit is performed between these channels to estimate the background under the peak

5.2.4

background statistical fluctuation
deviations with time in the production of continuum X-ray photons

18
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5.2.5
relative detection limit
detection limit expressed as the concentration (mass fraction) of the element of interest

5.3
experimental data correction
correction applied to the experimental data in order to obtain a quantitative analysis

5.3.1
background correction
separation of the characteristic intensity from the underlying background intensity

Note [l to entry: Background intensity includes X-ray continuum as well as background associatedwith artefacts.

5.3.

bearn current correction
corre¢ction of the measured X-ray intensity for deviations in the incident beam current during the
coungting period

Note|l to entry: This correction typically assumes that the beam current driftislinear with time.

5.3.

dead time correction
corrg¢ction of the measured X-ray intensity for the loss of X-ray,photons due to coincidence effects arising
from| the finite pulse processing time of the counting system

5.3.

integrated beam current correction
corr¢ction of the measured X-ray intensity by the use of a periodic beam current monitoring/system that
records a measurement of the beam current thrdughout the period of an X-ray measurement

5.4
quarntitative analysis
determination of the quantities of elemental constituents in an analysis volume of microm¢ter scale by
electron-excited X-ray spectrometry

Note|[l to entry: The analyte may(be‘elemental or compound in nature.

Note [2 to entry: The amountmay be expressed, for example, as atomic or mass percent, atomic or rhass fraction,
mole$ or mass per unit volume, number (of atoms) per unit area or number (of atoms) per unft volume, as
appropriate or as desired;

Note |3 to entry: The-Specimen material may be inhomogeneous so that a particular model stru¢ture may be
assurped in the.interpretation. Details of that model need to be stated.

5.4.1
empjrical'method
methHod of quantitative X-ray microanalysis, based upon the use of the hyperbolic relationship between
the k-value and the mass concentration ¢

Note 1 to entry: See intensity ratio (5.4.4).

54.1.1

alpha factor

alpha coefficient

a

constant in the hyperbolic equation between k and c in the empirical method

5.4.1.2

calibration curve

graphical representation of the analytical signal as a function of the concentration of the analyte, generally
determined at two or more fixed points corresponding to independently known reference materials
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5.4.2

error

natural deviation from the true value in a measured quantity arising from (1) random counting
fluctuations in a time-distributed phenomenon (e.g. X-ray photons) and (2) systematic deviations
from the true value introduced during application of calculated correction factors (e.g. ZAF matrix
correction factors) to convert the measured quantity (e.g. X-ray photons) to a different dimension (e.g.
concentration)

54.2.1

confidence level
range of analytical error expected to contain the true value with a stated uncertainty as estimated from
a statistical model of the measurement process

5.4.2.2
error distribution
range of errprs associated with a measured quantity

5.4.2.3
error estimation
application pf statistical models to a measured quantity to develop an estimate’of the error assocjated
with the mepsurement

5.4.2.4
error histogram
distribution| of errors in a measured quantity, plotted as a histogram of frequency (on the vertical jaxis)
versus the magnitude of the error value (on the horizontal axis)

5.4.2.5
error propagation
mathematicpl technique of estimating the impact of uncertainty in one or more parameters|of a
correction scheme to determine the error impact onthe final calculated value

5.4.2.6
relative ergor
accuracy
%RE

method of expressing measurementerror in which

%RE = [[measured value - true value)/true value] x 100 %

Note 1 to enfry: In this definition, overestimates are positive-going errors, and underestimates are neggtive-
going errors.

5.4.3
Hall methofd
method of quantitative X-ray microanalysis typically applied to biological specimens which attempts to
compensate for electron-beam-induced mass loss through the measurement of the X-ray continuum at a
high photon energy (> 10 keV) as an internal standard

5.4.4

intensity ratio

k-value

k-ratio

K-value

ratio of the X-ray photon intensity I measured for a particular characteristic peak from the unknown
specimen to the value measured for the same X-ray peak from a reference material of known
composition under identical conditions of beam energy, spectrometer efficiency and electron dose and
given by the equation

k= Iunknown/lreference material
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Note 1 to entry: Any changes in instrumental conditions between specimen and reference material, such as
electron dose, must be taken into account when calculating the intensity ratio for quantitative determination of
a given element.

5.4.5

normalization

mathematical procedure of dividing each concentration by the sum of the concentrations, so as to force
the modified values to a sum of unity in quantitative X-ray microanalysis

5.4.6

standardless analysis
procedure for gnantitative X-ray microanalysisin which the standard intensity in the k-valne expression
is supplied from purely physical calculations, referred to as “first principles” standardl€ss| analysis, or
from| a partial suite of reference materials, with empirical fitting or physical calculationg being used
to prjovide missing reference materials or to adjust the reference materials suite to,a different set of
experimental conditions

5.4.7
ZAF matrix correction
metHod of quantitative electron probe X-ray microanalysis in which separate multiplicativ¢ factors are
used|to correct for differences between the specimen and the referefiice material in electron scattering
and fetardation (Z), X-ray absorption (A) and secondary X-ray fluerescence (F)

Note [l to entry: See X-ray fluorescence effect (3.4.8).

Note 2 to entry: The Z, A and F factors are derived from a combination of experimental measurements, empirical
fits apd theoretical calculations.

5.4.9
¢(pz) matrix correction
metHod of quantitative electron probe X-ray rmicroanalysis in which correction factors arg calculated
from| empirical equations developed from fits‘to experimental data of X-ray production as & function of
depth, the so-called ¢(pz) function

Note [l to entry: The term is pronounced “phi rho zed”.

5.5
quantitative analysis corréction
corr¢ction applied to the glemental intensity ratios in order to obtain a quantitative elemental analysis

5.5.1
absgrption correction
matifix correctipn@rising from the loss of X-ray intensity for element A while the X-rays are propagating
throyigh the spetimen in the direction of the X-ray spectrometer due to photoelectric absorption by all
elements within the specimen

5.5.
atonticmumber-correction
matrix correction for the modification of the X-ray intensity for element A due to electron backscattering
and stopping power, which are influenced by all elements in the analytical volume

5.5.3

backscattering correction

matrix correction which accounts for the loss of X-ray production due to backscattering of beam
electrons (fraction and energy distribution)
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