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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.

different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is|drawn to the possibility that some of the elements of this document may‘bé the subj¢ct of
patent rights. ISO shall not be held responsible for identifying any or all such patent+ights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

The commiftee responsible for this document is ISO/TC 202, \Microbeam analysis, Subcommilittee
SC 1, Terminology.
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Introduction

Analytical electron microscopy (AEM) is a technique used to qualitatively determine and quantitatively
measure the elemental composition and examine the electronic state of the small volume of solid
material observed by transmission electron microscopy (TEM) and scanning transmission electron
microscopy (STEM). AEM is based on the physical mechanism of electron-stimulated X-ray spectrometry
and electron energy loss spectrometry (EELS). AEM also provides structural information from small
regions by microdiffraction while still possessing the capability of high-resolution imaging.[2]

Asamajorsub-field of microbeamanalysis (MBA), AEM iswidelyappliedin diverse business sectors (high-
techm A tes-basteindustries;metatureyand-geologybiologyand-medicireenyironmental
prote¢ction, trade, etc.) and has a wide business environment for standardization.

T ) i v UV v Ui )

The |standardization of terminology in a technical field is one of the basic prerequigites for the
development of standards on other aspects of that field.

This|International Standard is relevant to the international scientific and engiheering communities that
requjre an AEM vocabulary that contains consistent definitions of terms, asithey are used in|the practice
of MBA combined with TEM and STEM.

This[[nternational Standard is one developed in a package of standards'on scanning electronmicroscopy
(SEM; ISO 22493), electron probe X-ray microanalysis (EPMA; 4SO 23833), energy-dispgrsive X-ray
specfrometry (EDS; ISO 22309), etc., which have been either@lréady developed or are to ble developed
by IS0/ TC 202, Microbeam analysis, to completely cover thefield of MBA.

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 15932:2013(E)

Microbeam analysis — Analytical electron microscopy —
Vocabulary

0 Scope

This International Standard defines terms used in the practice of AEM. It covers both general and specific

concfptsTlassified according to their tierarchy i a SyStenatic order:

This|International Standard is applicable to all standardization documents relevante th
AEM]| In addition, some parts of this International Standard are applicable to those docume
to thle practice of related fields (e.g. TEM, STEM, SEM, EPMA, EDX) for the definition of

cominon to them.

NOTH

See also the SO online browsing platform (OBP): https://www.iso.oxgfobp/ui/

1 Abbreviated terms

AEM

CBED

CCD

CRT

EDS

EDX

EELS

EPMA

FFT

FIB

FWHM

HAADF

HREN

analytical electron microscope/microscopy
convergent beam electron diffraction
charge-coupled device

cathode ray tube

energy-dispersive X-ray spectrometer{spectroscopy
energy-dispersive X-ray spectrameter/spectroscopy
electron energy loss spectrometer/spectroscopy
electron probe microahnalysis

fast Fourier transform

focused ion.béam

full width at half maximum

high=dngle annular dark field

high-resolution transmission electron microscope/microscopy

e practice of
nts relevant
those terms

LAADF

MBA

SE

SEM

STEM

TEM

low-angle annular dark field

microbeam analysis

secondary electron

scanning electron microscopy

scanning transmission electron microscope/microscopy

transmission electron microscope/microscopy

© IS0 2013 - All rights reserved
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2 Definitions of terms used in the physical basis of AEM

2.1

electron optics
science that deals with the trajectory of electrons as they pass through electrostatic and/or
electromagnetic fields

[SOURCE: IS
2.1.1

0 22493, modified]

electron source

device that

2111
energy spr¢
diversity of

[SOURCE: IS
2.1.1.2
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pad
energy of electrons in the incident beam

0 22493, modified]

effective sdurce size

effective dirf
[SOURCE: IS
2.1.2

hension of the electron source typically measured at the beam €possover

0 22493, modified]

electron emission

ejection of ¢
[SOURCE: I§

2.1.21

thermionic
electron em
overcome th
external ele

[SOURCE: IS

2.1.2.2
field emiss
electron em

[SOURCE: IS

21.2.21
cold field e

lectrons from the surface of a material under certain excitation conditions

0 22493:2008, 3.1.2]

emission

ission which relies on the use of‘high temperature to enable electrons in the catho
e work function energy barrier and escape into the vacuum assisted by the application
ctrostatic field

0 22493, modified]
on
ission caused by)the strong electric field on and near the surface of the material

0 22493, modified]

mission

e to
of an

field emissi

rons

nin which the emission process relies purely on the applied electric field to extractelec

from the cathode operating at ambient temperature

[SOURCE: IS

2.1.2.2.2
thermal fie

0 22493, modified]

ld emission

field emission in which the emission process relies on both the elevated temperature of the cathode tip
and an applied electric field of high voltage

[SOURCE: IS

0 22493, modified]
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2.1.3

electron lens

basic component of an electron optical system, using an electrostatic and/or electromagnetic field to
change the trajectories of the electrons passing through it

2.1.31
electrostatic lens
electron lens employing an electrostatic field formed by a specific configuration of electrodes

2.1.3.2
electromagnetic lens
electrorrtens Cluylu_yius afretectt Uulasucti\, fretd-formred b_y a oycuiﬁ\, \,uuﬁsul attorrofetee romagnetic

coils|(or permanent magnets) and pole pieces

[SOURCE: ISO 22493:2008, 3.1.3.2]

2.14
focuping
converging an electron beam to a minimum diameter using an electron lens

[SOURCE: ISO 22493, modified]

2.1.5
demapgnification
numerical value by which the diameter of the electron beam exiting a lens is reduced in comparison to
the diameter of the electron beam entering the lens

[SOURCE: ISO 22493:2008, 3.1.5]

2.2
electron scattering
electiron deflection with or without the loss af-kinetic energy as a result of collision(s) with target atom(s)
or electron(s)

[SOURCE: 1SO 22493 and ISO 23833, modified]

2.2.%
elastic scattering
electfron scattering in which energy and momentum are conserved in the collision system

[SOURCE: ISO 22493:2008, 3.2.1]

2.211

zero|loss
unscptteredand elastically scattered electrons (with only minimal loss of energy du¢ to phonon
excitption)ygiving rise to an intensity peak or the position of which defines zero in the eledtron energy
loss §pectrum

2.2.2
inelastic scattering
electron scattering in which energy and/or momentum are not conserved in the collision system

Note 1 to entry: For inelastic scattering, the electron trajectory is modified by plasmon loss, core loss, and other
multiple scatterings

[SOURCE: ISO 22493, modified]

2.2.21
thermal diffuse scattering
electron scattering which is caused by electron-phonon scattering due to thermal vibration of the lattice

© IS0 2013 - All rights reserved 3
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2.2.2.2

plasmon loss

type of energy loss in EELS in which the incident electron is affected by the collective oscillations of free
electrons in the specimen and loses kinetic energy as a result

2.2.2.3

inner-shell ionization

excitation of an electron bound in an inner-shell (nonvalence) orbital to an unbound state in the
continuum above the Fermi level

2.2.24
core loss
energy loss pf an electron in the beam caused by excitation of an inner-shell electron

2.2.3
scattering ¢ross-section
hypothetical area normal to the incident radiation that would geometrically intercept‘the total anjount
of radiationfactually scattered by a scattering atom

Note 1 to ently: Scattering cross-section is usually expressed only as area (m?2).
[SOURCE: IS0 22493:2008, 3.2.3]

2.3

Bloch wave
wave functipn of an electron in a periodic crystal potential, whichris written as the product of a plane
wave enveldpe function and a periodic function that has the same periodicity as the crystal potentfial

2.31
anomalous|absorption
absorption ¢f Bloch wave in a crystalline material when the wave is symmetric and forms its antirjodes
at the nuclei

2.3.2
anomalous|transmission
transmissiop of Bloch wave in a crystalline material when the wave is antisymmetric and forms its
nodes at the nuclei

2.4
coherence
wave propeifty exhibited by.eléctron beams in which two waves share the same frequency and are in phase

Note 1 to entify: Phase shiftSbetween two coherentbeamsresultin interference and generate diffraction patferns.

2.5

TEM
microscopy t€chnique or microscope where images of an ultrathin specimen are obtained by an ele¢tron
beam that istransmitted througir it

2.5.1

HREM

method for obtaining lattice and crystal structure images by interfering with a transmitted electron
wave and diffracted electron waves using an electromagnetic lens with a small spherical aberration

2.5.2
STEM
transmission electron microscopy technique which rasters the focused electron beam over the specimen

4 © IS0 2013 - All rights reserved
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2.5.3

HAADF-STEM

imaging mode in a scanning transmission electron microscope in which images are formed by collecting
very high-angle, incoherently scattered electrons with an annular dark-field detector

2.5.4

LAADF-STEM

imaging mode in a scanning transmission electron microscope in which images are formed by collecting
low-angle elastic and inelastic scattering electrons with an annular dark-field detector

2.5.5

ABF{STEM
imagling technique of acquiring a bright-field scanning transmission electron microscope inllage with an
annular detector

2.6

electron holography
application of holography techniques to electron waves in which the coherent beam is split{into at least
two beams by using an electron biprism

2.6.1
electron prism
devig¢e which splits the coherent electron beam into several beams in order to obtain an inferferogram
or hdlogram

2.7
Lorentz electron microscopy
metHod for observing magnetic domain structures by-use of the transmission electron micfoscope

2.8
phage-contrast electron microscopy
TEM([technique in which small phase shiftsin‘the transmitted beam resulting from interactipns with the
specimen are converted into amplitude.@v contrast changes in the image

2.9
electron tomography
recopstruction technique of a three-dimensional structure by the computer-assisted imag¢ processing
of a deries of projected images’obtained by continuously tilting the specimen

3 Definitions ef terms used in AEM instrumentation

31
electron gun
componentthat produces an electron beam with a well-defined kinetic energy

[SOURCE: 1SO 22493:2008, 4.1]

3.1.1

Schottky emission

thermionic electron emission that takes place under an electric field that enhances the emission by
lowering the surface barrier

[SOURCE: ISO 22493, modified]

3.1.2
field emission gun
electron gun employing field emissions sources, such as cold field electron emission or Schottky emission

© IS0 2013 - All rights reserved 5
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cold field emission gun
electron gun employing cold field emission

3.1.2.2

extracting electrode
electrode applying the electrostatic potential to extract electrons from the electron source

[SOURCE: IS
3.1.2.3

0 22493:2008, 4.1.1.1.1]

thermal field emission gun

electron gulﬁ employing thermal field emission

3.1.3
thermionic

emission gun

electron gum employing thermionic emission

3.1.3.1
tungsten h;
thermionic {

3.1.3.2
LaBg gun
thermionic {

[SOURCE: IS

3.1.3.3
anode
electrode in|
to acceleratyg

3.1.34
cathode
electrode th
relative to tl

3.1.3.5
acceleratin|
electrostatid

3.1.3.6

Wehnelt cy
cap-shaped
electrons in

3.1.4
brightness

B

current den

Note 1 to entr

hirpin gun
bmission gun employing a tungsten hairpin filament as its cathode

bmission gun employing a heated block of single-crystal LaBg as its cathode

0 22493:2008, 4.1.2.2]

b the emitted electrons from the cathode

at serves as the electron emitter in the electron gun, which is at a negative electric potg
e anode

g voltage
field between thé-cathode and the anode, which accelerates an electron beam in an electros

linder
blectrode placed between the anode and the cathode in the electron gun, which acts to
Kide the gun and to control the amount of electron emission

an electron gun, to which a high positive voltage relative to the cathode is applied in ¢rder

ntial

L gun

focus

sity per unit solid angle in the beam at the focus position

y: Brightness is given by the formula

B = 4i/(n2d2a2) [A/m2-sr]

where i is the beam current, in amps; d is the diameter of the beam crossover, in metres; and « is the beam half-
angle, in rads.

© ISO 2013 - All rights reserved
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3.1.5
reduced brightness

brightness divided by the electron beam acceleration voltage

Note 1 to entry: Reduced brightness is given by the formula

B'=B/V

where Vis the electron beam acceleration voltage and f is the brightness.

3.1.
emigsion current
totallelectron current emitted from the cathode

3.1.

saturation
speclfic cathode heating condition at which a change in the cathode heating current will regult in only a
small change in the electron beam current, which is close to its maximum

3.2
electron lens system
combination of various electron lenses to achieve specific electton optics functions

3.2

excitation current
electric current flowing in a coil of an electromagneticilens, which is necessary for the generation of a
magnetic field

3.2.%
aberrration
divergence from ideal properties of an electron optical element, e.g. lens defects like spherical aberration,
chromatic aberration, and diffraction,.that degrade the lens optical function

[SOURCE: ISO 22493:2008, 4.2.1]

3.2.3.1

chromatic aberration
lens flefect which arisesbeeause electrons from the same point in the specimen, but of slightly different
energies, will be focusedat different positions in the image plane

3.2.32.2

spherical aberration
Cs
lens defectarising from the varying strength of an electromagnetic lens with distance from the optic axis,
whichcauses rays further from the optic axis to be focused more strongly than those nearer t?le optic axis

[SOURCE: ISO 22493, modified]

3.2.2.3

astigmatism

phenomenon in which electrons emerging from a point object are focused to form two separate focal
lines at 90° to one another rather than a point focus as formed by a perfectly cylindrical lens

Note 1 to entry: It arises from the lens asymmetric magnetic field caused by machining errors, inhomogeneities
in the pole pieces, asymmetry in the lens windings, and imperfect apertures.

[SOURCE: ISO 22493:2008, 4.2.3]

© IS0 2013 - All rights reserved 7
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aperture
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diaphragm with an axial opening that defines the transmission of the lens

3.2.31

aperture angle
half of the angle subtended by the diameter of the aperture at the point of beam focus

3.2.3.2

aperture diffraction
defect which arises at very small aperture diameters because the wave nature of electrons gives rise to

a diffractio

3.2.3.3
condenser
diaphragm
a certain pd
electron bed

3.2.34
objective aj
diaphragm
electrons w

3.2.3.5

selected-arn
moveable di
to contribut

3.24
stigmator
device that

3.2.5
condenser
electron len
varying deg
electron col

3.2.5.1
cone angle
convergence

3.2.6

deflection ¢

coil that gen

4 o i d o f rad o O H H 1
PGLLCI Irrrrotcaua vl a lJUlllL I LIIC Udusosidll uuasc ylauc

hperture

that is used in a fixed or moveable manner in a condenser lens system in-order to
rtion of the beam, thereby controlling the size of the illuminated specimen area an
m dose and also enabling the electron beam convergence to be determined

perture
placed in the back focal plane of the objective lens in order/to'select an angular subg
th which to form the image

ea (selector) aperture
Aphragm that is used to select only radiation scattered from a specific area of the spec
e to the formation of a diffraction pattern

pplies weak supplementary magnetic fields to correct astigmatism

ens
s located immediately below-the electron gun, which is used to focus the electron beg
rees to control the currentand the convergence of the electron beam that passes dow
imn

angle of andneident electron beam

oil
erates a magnetic field to deflect the electron beam

elect
1 the

et of

lmen

m to
n the

3.2.7

Cs corrector
device that can vary the spherical aberration coefficient (Cs) of the objective lens

3.2.8

objective lens
first-stage lens in the imaging lens system of AEM, which is used to focus the electron image or probe

3.2.8.1

back focal plane
plane perpendicular to the optic axis of an AEM in which rays leaving the specimen at the same angle

come to a fo

cus

© ISO 2013 - All rights reserved
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3.29

intermediate lens

lens inserted between the objective and projector lenses, which magnifies the objective image or
diffraction pattern and forms the new image upon the objective plane of the projector lens

3.29.1
objective plane
plane where electron beams originating from an object converge to form an image of the object

3.2.10

projector lens
finalfenstrrthe-imag
the recording device

tnal image on

3.3
scanning system
devige incorporated in the electron optical system for achieving time-controlled'ehe- or two-flimensional
movée¢ment of the electron probe on the specimen surface and synchronized signal collection to generate
line §cans or images

3.4
spedimen chamber
compartment in which the goniometer stage containing the speCimen is accommodated

3.4.1
gonipmeter stage
devige to move the specimen laterally and vertically dnd to tilt the specimen by tilting tlhe specimen
holder around the longitudinal holder axis

3.4.2
top-entry stage
specimen stage which is inserted from above the pole piece and has rotation symmetry about the optical axis

3.4.3
sidetentry stage
specimen stage which is inserted\from the side of the column and is useful for material|science and
tomdgraphy because of its largespace above the specimen

3.4.4
electron beam-induced-contamination
formfation of a carbon-rich, polymerized film on a specimen surface as a result of radiation damage of
adsofbed hydrocarbon molecules

3.4.5
anti{contamination device
devi¢ewhich suppresses the adsorption of hydrocarbon gas by condensing it using a cold trap chilled by
liquid nitrogen

3.4.6

differential pumping

pumping method designed to achieve and maintain specified vacuum levels for chambers connected by
diaphragms, which prevent the exchange of large amounts of gas

3.4.7
specimen drift
unintentional movement of the specimen image due to any source (thermal, mechanical, electrical, charging)

3.4.8

environmental TEM

type of TEM which enables the in situ observation of the specimen under various conditions, such as low
vacuum or high temperature

© IS0 2013 - All rights reserved 9
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3.5

fluorescent screen

viewing apparatus which visualizes TEM image and diffraction spots, using visible light emitted from
fluorescent material excited by the electron impact

3.6

image wobbler

control for introducing an AC current into the objective lens in order to aid proper alignment of the
electron optical elements

3.7

camera length
L
effective didtance between the specimen and the plane where diffraction pattern is formed

3.71
camera corstant
AL
product of the wavelength of the incident electron wave and camera length

Note 1 to entify: Because of the small Bragg angle, the Bragg condition can be given in‘the first-order approxinjation

~AL/r
where d is the lattice plane spacing and r is the distance of the diffractien spot from the primary beam.

4 Definitions of terms used in specimen preparation of AEM

4.1
ion milling
thinning teghnique of sputtering the specimen with an inert gas

4.2
chemical polishing
planarizatign technique that uses chemieal dissolution of a specimen surface

4.3
mechanica] polishing
planarizatign technique thattuses abrasives to remove surface material from the specimen

4.4
jet polishing
electrolytic [thinning.technique for planarization of conductive materials by spraying jets of cheiical
etchants sinpultanéously on both sides of a specimen

4.5
supporting film
thin coating film on a grid utilized for holding the specimen for TEM observation

4.5.1
microgrid
specimen supporting film that features myriad micrometre-sized holes

4.6

FIB milling

site-specific thinning technique using abrasion by focused field-emitted gallium atoms accelerated to an
energy of 1 keV to 40 keV to thin a particular region of the specimen

10 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=c8d3466b3c594739c798b5756b70e972

4.7

ISO 15932:2013(E)

radiation damage
electron beam-induced structural deterioration of the specimen arising from ionization and electron

knoc

4.8

k-on

microtome
mechanicalinstrumentusedto slice specimensinto electrontransparentthinsectionsfor TEM observation

49

dimple grinder

mecl
polis|

4.10
cond
thin

mini

411
repl
dupl
film

412
extr
repli
by st

5 1

5.1

Moirx
form
the g
from

5.2
cont
c
diffe

o 1 Lialas H 4 4 d o £ 1 1 H Laacl Lo L.
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hed to a parallel-sided plate on the order of 100 pm

uctive coating
coating of conductive carbon or metal produced on the surface of non-¢enductive s
ize charging problems during TEM observation

ca
cation of specimen surface irregularities obtained by the exfoliation of a plastic or c4
'rom the specimen surface

hction replica
ra which contains precipitates or inclusions fixed-61n a coated plastic or carbonaceous
ripping the film from the specimen surface

Definitions of terms used in AEMimage formation and processing

é effects

ation of Moiré fringes caused by the superposition of the periodicity of the specimen {
rating of picture points foriing the scanned image or by the superposition of interfere
crystals exhibiting different orientation or lattice spacing

rast

rence in sighal’between two arbitrarily chosen points (P1, P2) of interest in the

previously

becimens to

rbonaceous

film created

eatures and
ce patterns

image field,

nornalized by-the maximum possible signal available under the particular operating conditions

Note

(

1 to entry: Contrast is given by the formula

[ = ISZ —Sll/SmaX (0 < C< 1)

where Sz and S7 are the signals of two arbitrarily chosen points (P2 and P1, respectively), and Syax is the maximum
possible signal available under the particular operating conditions.

5.3

analogue image processing
operation of treating and manipulating the image information-carrying signals as continuously
varying quantities

[SOU

© ISO

RCE: ISO 22493:2008, 5.5]
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digital image processing
operation in which the image information-carrying signals are treated and manipulated as discrete
variables, i.e. digitized

[SOURCE: IS
54.1

0 22493:2008, 5.6]

Fourier transform

mathematic

54.1.1

al operation that decomposes a signal into its constituent frequencies

fast Fourie}
FFT
efficient alg

5.4.1.2
inverse fas
IFFT
efficient alg

5.5
bright-field
image formd

" transform

brithm to compute the discrete Fourier transform

F Fourier transform

brithm to compute the inverse of the discrete Fourier transform

image

objective lenis and using the objective aperture to cut out all diffracted beams

5.6

dark-field i
image formg
diffracted b

5.7

weak-bean
image formgd
because the

5.8

lattice imag
image formg
which corre

5.9

defocus im
method of i
lattice imag

mage

bam with an annular dark-field detector

method
d using a weakly excited diffracted beam, which can provide sharp contrast at disloca
highly strained areas contribute significantly to the beam intensity

re
sponds to the periedic lattice structure of the specimen
ging

agingsunder out-of-focus conditions, which is utilized when observing Fresnel fri
bs, and-structural images

5.9.1

bd using only the non-scattered beam, selected by observation of the back focal plane

fthe

d by a diffracted beam only by using the objective aperture for selection or by collectinlg the

kions

bd by the interference of transmitted and diffracted beams from a very thin specimen and

nges,

underfocus imaging
imaging condition in which the objective lens current is weakened slightly from that of just focus to
enhance contrast in bright/dark-field imaging

5.9.2

overfocus imaging
imaging condition in which the objective current is slightly strengthened from that of the focus to
enhance contrast in bright/dark-field imaging

12
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5.9.3
Sche

Afsch

ISO 15932:2013(E)

rzer focus

erzer

defocusing condition in which high-resolution images of the phase object are formed by shifting the
phase of the diffracted beam by 0,5m which maximizes the spatial frequency of the first zero of the
contrast transfer function

Note

1 to entry: Afscherzer is given by the formula

Afscherzer = =1,2(CsA)1/2

wher]

5.9.4
Fres
inter

5.9.5
stru
imag
focus

5.9.6
thro
imag
sligh

6 1

6.1
diffr

type

e Cs is the spherical aberration, and A is the electron wavelength.

nel fringe
ference fringes that appear near the specimen edge in Fresnel diffraction

cture image
e which is obtained by the interference of the transmitted and diffracted beams unc
condition

ugh-focus method
ing method of the lattice image and structure image in'which a series of images are fa
tly different defocus conditions

Definitions of terms used in AEM image interpretation and analysis

action contrast
of scattering contrast which arisesfrom the spatial variation of the intensity of the diff

due to the local variation of the diffraction condition

6.1.1
two-

appr
wavq

6.1.2
bend
type
diffr

beam approximation
are presumed to-beexcited
| contour

of diffraction contrast which arises from the local variation of the excitation ern
hction €ondition due to the bending of the specimen

6.1.3

ler Scherzer

rmed under

Facted beam

pximation for the calculation of an AEM image in which the transmitted wave and only one diffracted

or in Bragg

thickmess{ringe
contrast observed in a wedge-shaped specimen under excitation of one Bragg diffraction due to the
oscillation of the primary beam intensity and reflection intensity

6.1.4

Fresnel diffraction
type of diffraction which occurs when a wave passes through and diffracts in the near field, which
creates interference fringes near the edge of the specimen under defocus condition

6.2

phase contrast
image contrast due to the phase shift of scattered waves, which provides high-resolution TEM image

© ISO

2013 - All rights reserved
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6.2.1

:2013(E)

weak phase object approximation
approximation in which the specimen does not change the amplitude of the incident wave but slightly
shifts the phase

6.3

scattering contrast
image contrast which arises from the spatial variation of the intensity of atomic scattering due to the
local variation of elemental composition

6.4

image sim
calculation

6.4.1
multi-slice
algorithm fd

lais
1dAtiUIl

pf the image theoretically expected to be formed by various AEM imaging techniques

method
r the simulation of high-resolution TEM images, which treats electrons as-iricoming w

and treats the interactions with matter as occurring on multiple successive single slices of the spec

6.4.2
Bethe’s met
algorithm fi

hod
pr the simulation of high-resolution TEM images, which finds-the electron waves ij

crystal by s¢plving the Schrodinger equation considering the multiple scattering

6.4.3

contrast transfer function

CTF
function wh
scattering a

6.5
lattice defe
crystallogrg

6.5.1

dislocation|
crystallogrg
materials a

6.5.1.1
edge disloc
dislocation Y

6.5.1.2

ich provides phase shift of the electron wave as\a function of a given spherical aberre
hgle, and defocus

ct
phic defect due to the irregularityifuthe atomic arrangement in the crystal

phiclinear defect in a cpystal structure, which strongly influences many of the propert
d has two primary types: edge dislocations and screw dislocations

ation
where an extra-half-plane of atoms is inserted in the crystal, distorting nearby planes

screw dislocation

dislocation

fomprising a structure in which a helical path is traced around it

raves
imen

h the

tion,

es of

6.5.2

Burgers vector
vector that represents the magnitude and direction of the lattice distortion of dislocation in a crystal

lattice, whic

6.5.3

h is often denoted by b

stacking fault
type of planar defect which arises from the irregularity in stacking sequence of closed-packed atomic

planes and i

6.5.4

s commonly formed in close-packed structures, such as fcc and hcp

grain boundary
interface between two grains in a polycrystalline material

14
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6.6

energy-dispersive X-ray spectroscopy

EDS

analytical technique which enables the elemental analysis or chemical characterization of a specimen by
analysing characteristic X-rays emitted by the matter in response to electron irradiation

[SOURCE: ISO 23833, modified]

6.6.1
characteristic X-ray
emitted X-ray with a kinetic energy is characteristic of the element from which it is emitted

6.6.
fluorescence yield
fractfion of ionizations of a specific electron shell that result in characteristic X-ray emission

6.6.
X-ray continuum
emitted X-rays resulting from the deceleration of electrons in the Coulomb-field of the nucl¢us

6.6.

Bremsstrahlung
electromagnetic radiation which gives a continuous spectrum~due to the deceleration qf a charged
particle such as an electron

6.6.5
takeroff angle
angle between the specimen plane and the axis of an*EDS detector crystal

[SOURCE: ISO 22493, modified]

6.6.4
dead time
Y
time|during which the system is unableé to record a photon measurement because it is busy processing a
prevjous event (frequently expressed as a percentage of the total time)

[SOURCE: ISO 23833, modifiéd]

6.6.7
live time
time|during which;the pulse measurement circuitry is available for the detection of X-ray photons

Note |1 to entryh\Live time equals real time for analysis minus dead time. Real time is the time that would be
measured with.d conventional clock. For X-ray acquisition, real time always exceeds live time.

6.6.8
ZAF correctionmethod
correction method of the quantitative analysis in EDS in which the effect of absorption, fluorescence,
and atomic number on characteristic X-ray emission by atoms in the specimen are corrected, while the

effect is extremely small in the thin-film specimen in TEM/EDS

6.6.9

Cliff-Lorimer method

method for the quantitative EDS analysis of a thin specimen, in which proportionality factor, k, is used
to relate spectral intensity to chemical composition

6.6.9.1
k factor
correction factor used in Cliff-Lorimer method, which is experimentally or theoretically determined

© IS0 2013 - All rights reserved 15
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EDS detector energy resolution
identifiable minimum energy separation in EDS analysis, which depends upon the detected X-ray energy,
the type of detector, and the instrument on which the detector is installed

6.7

electron energy loss spectroscopy

EELS

microscopic elemental and electronic state analysis method using inelastically scattered electrons
resulting from interaction with electrons and phonon in the specimen in which the energy loss is
measured via an electron spectrometer and interpreted in terms of what caused the energy loss

6.8

energy filter

apparatus which passes electrons with a specific kinetic energy, which is effective for the subtraction of
inelastic eleftron background in image and diffraction pattern formation, and also for the,acquisition of
energy-filtefed images for analytical purposes

6.9

atomic-number effect

effect in whjch the yield of a characteristic X-ray depends upon the atomiciumbers of elements ip the
specimen dye to the back scattering of incident electrons

6.10

Imaging plate

two-dimensjional detector which utilizes photostimulated luminescence of europium

6.11

slow-scan CD camera

CCD camera which uses a lower refreshing rate than an'erdinary CCD camera system to improve ijnage
quality by increasing the signal-to-noise ratio

6.12

EDS detector

solid-state detector which measures the intensity and the energy of X-rays emitted from the speciinen
6.12.1

windowless EDS detector

EDS detectqr lacking a window-material in front of the detector which increases the measurement
sensitivity fpr soft X-rays (< LkeV) enables the detection of elements with an atomic number larger|than
that of boron

6.12.2

ultrathin window (UTW) EDS detector

EDS detectdr whigh uses an aluminium-coated organic thin film as a window material in front qf the
detector, indreasing the measurement sensitivity for soft X-rays (< 1 keV) and enabling the detectilon of
light elemertts

6.12.3

beryllium window EDS detector
EDS detector fitted with a beryllium window of 8 pm to 10 pm in thickness, which is suitable for
measuring hard X-rays (> 1 keV)

6.13

annular dark-field detector
ADF detector

detector used in STEM to collect a dark-field image by integrating the scattered intensity intercepted by
an annulus around the transmitted beam

Note 1 to entry: Z-contrast due to Rutherford scattering is obtained with a high-scattering angle, while a dark-

field image is

16

obtained with a low-scattering angle.
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