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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 ISQ_also take part in the work 1SQ collahorates closely with the International Electrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies castingd a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International|Standard ISO 18115 was prepared by Technical Committee ISO/TC 201, Surface chemicgl analysis,
Subcommittge SC 1, Terminology.

Annex A of this International Standard is for information only.
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Introduction

Surface chemical analysis is an important area which involves interactions between people with different
backgrounds and from different fields. Those conducting surface chemical analysis may be materials scientists,
chemists or physicists and may have a background that is primarily experimental or primarily theoretical. Those

making us

e of the surface chemical data extend beyond this group into other disciplines.

With the p
a surface
techniquey
Vocabular
Concepts
physical ¢

The wide
attributed

resent techniques of surface chemical analysis, compositional information is obtained for reg
(generally within 20 nm) and composition-versus-depth information is obtained with~surfs

as surface layers are removed. The surface analytical techniques covered /in, this
y extend from electron spectroscopy and mass spectrometry to optical spectrometry‘and X
or these techniques derive from disciplines as widely ranging as nuclear physics and radiati
hemistry and optics.

range of disciplines and the individualities of national usages haveCled to different me
o particular terms and, again, different terms being used to describe'the same concept.

ions close to
ce analytical
International
ray analysis.
DN science to

Anings being
To avoid the

consequent misunderstandings and to facilitate the exchange of information,\it is essential to clarify fhe concepts,

to establis|

The work
to surface]
unchange
ASTM def
appear, b
standard.

The terms
defined
ISO 10241
appear in
Claus|
Claus|

Additional

A single a
index in bg

As standa

h the correct terms for use and to establish their definitions.

or 1ISO 18115 started with a consideration, inter alia, of ASTM E 673-95a, Standard termin

inition structure differs from that adopted by ISO.>Some other terms from the ASTM

ISO 1087-1:2000, Terminology work — Vocabulary — Partl: Theory and App
:1992, International terminology standards — Preparation and layout. Essential aspects of theg
bubclauses 3.1 to 3.3. The terms are given in alphabetical order, classified under two headings
e 4. Definitions of the surface analysis methods.
e 5. Definitions of-terms for surface analysis.

terms, important for’'surface analysis, are given in an extract from IEC 60050-111 in annex A.

phabeticalindex is given after the Bibliography. To assist retrieval, compound terms may bg
th natural'and reverse word order.

ds- are formulated by Technical Committee ISO/TC 201, Surface chemical analysis, new term

It is inten

logy relating

analysis [1], and a number of terms retain this referencé. Such definitions have remaindd essentially
. Some editorial changes have had to be made in_allthe cases where this reference appefrs since the

andard also

it with a revised text or significantly revised meaning. These terms are not referenced {o the ASTM

of this International Vocabulary standard have been prepared in conformance with the principles and style

ication, and
se standards

found in the

b are defined.

ed-that these terms will he grnnppd r‘nn\/pnipnﬂy inta a Qllpplpmpnt Qr Qlllhlh|meI’ITQ1 to he |

sed with this

standard, until such time as this standard needs to be revised when they will be incorporated.
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INTERNATIONAL STANDARD

ISO 18115:2001(E)

Surface chemical analysis — Vocabulary

1 Scope

This Intern

ational Standard defines terms for surface chemical analysis.

2 Abbreviations

AES Auger electron spectroscopy

CDP compositional depth profile

CMA cylindrical mirror analyser

eV electron volt

EELS electron energy loss spectroscopy

EIA energetic-ion analysis

EPMA electron probe microanalysis

ESCA electron spectroscopy for chemical analysis
FABMS fast atom bombardment mass spectrometry
FWHM full width at half maximum

GDS glow discharge_spectrometry

GDOES glow discharge optical emission spectrometry
GDMS glow-discharge mass spectrometry

HEISS high-energy ion-scattering spectrometry
HSA hemispherical-sectoranatyset

IBA ion beam analysis

LEISS low-energy ion-scattering spectrometry
MEISS medium-energy ion-scattering spectrometry
ptp peak-to-peak

RBS Rutherford backscattering spectrometry
RFA retarding field analyser

© ISO 2001 - All rights reserved
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SAM scanning Auger microscope

SDP sputter depth profile

SEM scanning electron microscope

SIMS secondary-ion mass spectrometry
SNMS sputtered neutral mass spectrometry
SSA spherical sector analyser

TOF or ToF timeof fiight

TXRF total-reflection X-ray fluorescence spectroscopy
UPS ultra-violet photoelectron spectroscopy

XPS X-ray photoelectron spectroscopy

3 Format

3.1 Use of terms printed boldface in definitions

A term printef boldface in a definition or a note is defined in another entryin this International Standard. Hdwever, the
term is printed boldface only the first time it occurs in each entry.

3.2 Non-greferred and deprecated terms

A term listed Jightface is non-preferred or deprecated. The, preferred term is listed boldface.

3.3 Subject fields

Where a term designates several concepts, it is necessary to indicate the subject field to which eagh concept
belongs. The field is shown lightface, between angle brackets, preceding the definition, on the same line.

4 Definitions of the surface analysis methods

4.1
Auger elegtron spectroscopy
AES
a method in|which®an electron spectrometer is used to measure the energy distribution of Auger |electrons
emitted from|a strface

NOTE An electron beam in the energy range 2 keV to 30 keV is often used for excitation of the Auger electrons. Auger
electrons can also be excited with X-rays, ions and other sources but the term Auger electron spectroscopy, without additional
qualifiers, is usually reserved for electron-beam-induced excitations. Where an X-ray source is used, the Auger electron
energies are referenced to the Fermi level but, where an electron beam is used, the reference may either be the Fermi level or
the vacuum level. Spectra conventionally may be presented in the direct or differential forms.

4.2

dynamic SIMS

SIMS in which the material surface is sputtered at a sufficiently rapid rate that the original surface cannot be
regarded as undamaged during the analysis

NOTE 1  Dynamic SIMS is often simply termed SIMS.

NOTE 2  Theion areic dose during measurement is usually more than 1016 jons/m2.

2 © 1SO 2001 — Al rights reserved
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4.3

electron spectroscopy for chemical analysis (deprecated)
ESCA (deprecated)

a method encompassing both AES and XPS

NOTE The term ESCA has fallen out of use as, in practice, it was only used to describe situations more clearly defined by
the term X-ray photoelectron spectroscopy (XPS). Since 1980, the latter term has been preferred.

4.4

fast atom bombardment mass spectrometry
FABMS

FAB (deprecated)

a method|in which a mass spectrometer is used to measure the mass-to-charge quotient and abundance of
secondary ions emitted from a sample as a result of the bombardment by fast neutral atoms

4.5
glow discharge mass spectrometry
GDMS
a method [in which a mass spectrometer is used to measure the mass-to-charge guotient and abundance of ions
from a glow discharge generated at a surface

4.6
glow discharge optical emission spectrometry
GDOES
a method|in which an optical emission spectrometer is used to measure the wavelength and intgnsity of light
emitted frgm a glow discharge generated at a surface

4.7
glow discharge spectrometry
GDS
a method| in which a spectrometer is used to measure relevant intensities emitted from a gloy discharge
generated|at a surface

NOTE This is a general term which encompaSses GDOES and GDMS.

4.8
ion beam analysis
IBA
a method|to elucidate composition and structure of the outermost atomic layers of a solid matefial, in which
principallymonoenergetic, singly charged probe ions, scattered from the surface are detected and recorded as a
function of their energy orangle of scattering, or both

NOTE | EISS, MEISS~and RBS are all forms of IBA in which the probe ion energies are typically in the ranfjes 0,1 keV to
10 keV, 50 keV to 200 keV and 1 MeV to 2 MeV, respectively. These classifications represent three rarfges in which
fundamentally different physics is involved.

4.9
secondary-ion mass spectrometry

SIMS

a method in which a mass spectrometer is used to measure the mass-to-charge quotient and abundance of
secondary ions emitted from a sample as a result of bombardment by energetic ions

cf. dynamic SIMS, static SIMS

NOTE SIMS is, by convention, generally classified as dynamic, in which the material surface layers are continually removed
as they are being measured, and static, in which the ion areic dose during measurement is restricted to less than 106 ions/m?
in order to retain the surface in an essentially undamaged state.

© ISO 2001 - All rights reserved 3
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sputtered neutral mass spectrometry

SNMS

a method in which a mass spectrometer is used to measure the mass-to-charge quotient and abundance of

secondary io

NOTE

4.11

nized neutral species emitted from a sample as a result of particle bombardment

The neutral species may be detected by using plasma, electron, or photon ionization methods.

static SIMS
SIMS in which the material surface is sputtered at a sufficiently low rate that the original surface is insignificantly

damaged du

ring the analysis
g .

cf. dynamic

NOTE Th
material of the)

4.12
total reflec
TXRF

a method in
emitted from

4.13
ultra-violef
UPS

a method in
from a surfa

NOTE Ul
various gases
synchrotron

4.14
X-ray phot
XPS
a method in
Auger electr

NOTE X-1

Modern instru
anodes or of g

5 Definif

5IMS

b jon areic dose during measurement is restricted to less than 1016 ions/m?2 to an extent that-depends
sample and the size of the molecular fragments being analysed.

ttion X-ray fluorescence spectroscopy

which an X-ray spectrometer is used to measure the energy distribution of fluorescen
a surface irradiated by primary X-rays under the condition of total reflection

photoelectron spectroscopy

which an electron spectrometer is used to measure'the energy distribution of photoelectro
Ce irradiated by ultra-violet photons

a-violet sources in common use include various.types of discharges that can generate the resonal

(e.g. the He | and He Il emission lines at energies of 21,2 eV and 40,8 eV, respectively). For variab
adiation is used.

pelectron spectroscopy

which an electron spectremeter is used to measure the energy distribution of photoele
bns emitted from a surface’irradiated by X-ray photons

Ay sources in common-use are Al and Mg unmonochromated Ko X-rays at 1486,6 and 1253,6 eV, r

ments also use mariochromated Al Koo X-rays. Some instruments make use of various X-ray source
ynchrotron radiation.

ions:of terms for surface analysis

5.1

on both the

ce X-rays

Ns emitted

hce lines of
e energies,

ctrons and

bspectively.
b with other

absorption coefficient, linear

linear attenu

5.2

ation coefficient

absorption coefficient, mass

attenuatio

n coefficient, mass

(TXRF, XPS) quantity u/p in the expression (u/p)A(px) for the fraction of a parallel beam of specified particles or
radiation removed in passing through a thin layer of mass thickness A(px) of a substance in the limit as A(px)
approaches zero, where A(px) is measured in the direction of the beam

cf. attenuation length

NOTE 1

The mass density of the substance is p and x is the distance in the direction of the beam.

© 1SO 2001 — All rights reserved
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NOTE 2  The intensity or number of particles in the beam decays as exp(— #x) with the distance x.

NOTE 3  The mass attenuation (absorption) coefficient is the quotient of the linear attenuation (absorption) coefficient and the
mass density of the substance.

5.3

adventitious carbon referencing

(XPS) determining the charging potential of a particular sample from a comparison of the experimentally
determined C 1s binding energy, arising from adsorbed hydrocarbons on the sample, with a standard binding
energy value

cf. interngfearbon-referencing

NOTE A nominal value of 285,0 eV is often used for the binding energy of the relevant C 1s peak, althotigh fome analysts
prefer specffic values in the range 284,6 eV to 285,2 eV depending on the nature of the substrate.

5.4
altered layer
{particle bombardment) surface region of a material under particle bombardmentywhere the chenjical state or
physical sfructure is modified by the effects of the bombardment

EXAMPLE For silicon bombarded by 4 keV O,* at near normal incidence, after‘sputtering for a sufficient tfme to reach a
steady statg, the surface is converted to stoichiometric SiO, to a depth of around“15 nm with lower oxygen cofcentrations at
greater degths.

5.5
analysis|area
(sample) tjvo-dimensional region of a sample surface meastired in the plane of that surface from which the entire
analytical signal or a specified percentage of that signal is-detected

5.6
analysis|area
(spectromgter) two-dimensional region of a sample surface at the analytical point but set in the glane at right
angles to the spectrometer axis from which'the entire analytical signal or a specified percentage of that signal is
detected

5.7
analysis|volume
(sample) three-dimensional region of a sample from which the entire analysis signal or a specified gercentage of
that signallis detected

5.8
analysis|volume
(spectromgter) three-dimensional region within the spectrometer from which the entire analytical signal or a
specified gercentage of that signal may be detected

5.9
angle, critical

(TXRF) glancing angle at which the sample matrix X-ray fluorescence, when plotted against the glancing angle, is
at the first point of inflection

5.10
angle, glancing
(TXRF) angle between the incident beam and the average surface plane

NOTE Angle of incidence and glancing angle are complementary.

© ISO 2001 - All rights reserved 5
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5.11
angle lapp

sample preparation in which a sample is mechanically polished at an angle to the original surface

cf. ball cratering, radial sectioning

NOTE

lateral information.

5.12

angle, magic

At gy
TV

This angle may often be less than 1° so that depth information with respect to the original surface is transformed to

(XPS) angle
surface

NOTE A
isolated atom
that would be

5.13

angle of e
angle betwe
NOTE Th

5.14

\ARII

the magic angle, using the simple dipole theory for the angular distribution of the photoelectrons emit
rradiated by unpolarized X-rays, it is predicted that the intensity per unit solid angle is theYsame as f
bbtained if the scattering were isotropic.

ission
n the trajectory of a particle or photon as it leaves a surface and the¢ocal or average surfac

e particular surface normal needs to be specified.

angle of incidence

angle betweé

NOTE TH
to the average

5.15
angle of s

n the incident beam and the local or average surface fiormal

e particular surface normal, such as the surface normakto an elementary portion of a rough surface o
surface plane, needs to be specified.

ttering

a
angle betwe}n the direction of the incident particle or photon and the direction that the particle or
travelling aftgr scattering

5.16

angle-resolved AES

ARAES

angle-depéndent AES

a procedure

5.17

n which Auger eleCtron intensities are measured as a function of the angle of emission

angle-resolved XPS

ARXPS
angle-dep

ndent XPS

a procedure [n-which X-ray photoelectron intensities are measured as a function of the angle of emissio

e sample

ted from an
he intensity

P normal

the normal

photon is

1

NOTE

in a layer approximately 5 nm thick at the surface.

5.18

angle, solid, of analyser
solid angle of analyser that will transmit particles or photons from a point on the sample to the detector

cf. analyser transmission function

5.19

angle, solid, of detector
(EIA, RBS) solid angle intercepted by the detector from an origin at the centre of the beam spot

This procedure is often used to obtain information on the distribution with depth of different elements or compounds

© 1SO 2001 — All rights reserved
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ISO 181

angle, take-off
angle between the trajectory of a particle as it leaves a surface and the local or average surface plane

NOTE 1
NOTE 2
NOTE 3

5.21
asymme,

B

The particular surface plane needs to be specified.
Take-off angle is the complement of angle of emission.

In the past, take-off angle has sometimes been used erroneously to mean angle of emission.

try parameter

15:2001(E)

(XPS) factor which characterizes the intensity distribution, L(y), of photoelectrons ejected by unpolarized X-rays

from isolaf

~—

L(y

NOTE
5.22
atomic n
migration

cf. cascad

5.23

attenuafion coefficient

quantity g
passing th
direction o
cf. attenua

NOTE 1

NOTE 2
reciprocal g

5.24

ed atoms in a direction ¥ from the incident X-ray direction according to

-1+1/26 (3/2)(sin?7) - 1]

This formula relates to gases and is modified by the effects of elastic scatteringwhen applied to solidg.

hixing
bf sample atoms due to energy transfer with incident particles¢n the surface region

in the expression uAx for the fraction of a parallel beam of specified particles or radiatioI
rough a thin layer Ax of a substance in‘the limit as Ax approaches zero, where Ax is me
f the beam

ition length, mass absorption coefficient
The intensity or number of pafticles in the beam decays as exp(— #/x ) with the distance x.

Attenuation coefficient i§ often used in place of linear attenuation coefficient and is used in EPMA.
f attenuation length.which is used in AES and XPS.

attenuation length
quantity | lin the expression Ax/l for the fraction of a parallel beam of specified particles or radiatioI
passing through.a.thin layer Ax of a substance in the limit as Ax approaches zero, where Ax is me

direction

thé.beam

e mixing, collision cascade, ion-beam-induced mass transport, knock-on, recoil implanfation

removed in
sured in the

Both are the

removed in
sured in the

cf. attenuation coefficient, decay length, effective attenuation length, electron inelastic mean free path, linear
absorption coefficient, mass absorption coefficient

NOTE 1

NOTE 2

5.25

The intensity or number of particles in the beam decays as exp(— x/I) with the distance x.

For electrons in solids, the behaviour only approximates an exponential decay due to the effects of elastic
scattering. Where this approximation is valid, the term effective attenuation length is used.

attenuation length, effective
average emission function decay length when the emission depth distribution function is sufficiently close to
exponential for a given application

© ISO 2001 - All rights reserved
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cf. attenuation length

NOTE

more than 1 eV as a result of inelastic scattering.

5.26

Auger de-excitation

(surface)
a)

electrons in that atom or ion

Effective attenuation length is often used in AES and XPS to describe the transport of electrons that have not lost

process in which the energy of an excited atom or ion is given up by a non-radiative re-arrangement of

b) processrwhich-the-energy-trametastable-spectesnearasotid-strfaceistostby-interactionwith-the surface,
and in the process enough energy is released to eject an electron from a surface atom

cf. Auger netitralization

NOTE Fqr both processes, the electron may be ejected into the vacuum.

5.27

Auger eled

electron emitted from atoms in the Auger process

cf. Auger tra|

NOTE1 Al
spectra are th
inelastically sq
other process

NOTE 2 Al
5.28

Auger eleg
plot of the A
distribution o

NOTE1 W
2500 eV, con
sometimes ref

NOTE 2 TH
5.29
Auger eleg

probability th

5.30

itron

hsition

ger electrons can lose energy by inelastic scattering as they\pass through matter. Measured Au
brefore generally composed of a peak structure of unscatteredAuger electrons superimposed on a ba
attered Auger electrons with intensities extending to lower kinetic energies, and on backgrounds
PS.

ger electrons may change their direction of propagation by elastic scattering as they pass through mat

itron spectrum
f detected electrons

hen excited by incident electrons) the energy distribution of detected electrons, often measured betweg
ains Auger electrons, backscattered (primary) electrons and secondary electrons. The entire di
prred to as an Auger ele€tron spectrum.

e Auger electron spegtrum may be presented in either the direct spectrum or differential spectrum

itron yield
At an atom with a vacancy in a particular inner shell will relax by an Auger process [

kground of
rising from

}er electron

ter.

uger electron intensity as a function®of the electron kinetic energy, usually as part of the energy

bn 0 eV and
Stribution is

ormats.

Auger neu

tratization

(ion at a surface) a process in which an electron, tunnelling from the conduction band of a solid, neutralizes an

incoming ion
NOTE

5.31

and an electron is ejected from a surface atom

The ejected electron may be emitted into the vacuum.

Auger parameter
(XPS) kinetic energy of a narrow Auger electron peak in a spectrum minus the kinetic energy of the most intense
photoelectron peak from the same element

cf. initial state Auger parameter, modified Auger parameter

© 1SO 2001 — All rights reserved
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NOTE 1 The value of the Auger parameter depends on the energy of the X-rays which therefore needs to be specified.
NOTE 2  The Auger parameter is sometimes called the final state Auger parameter.

NOTE 3  The Auger parameter is useful for separating chemical states for samples in which charging causes uncertainty in
the binding energy measurement or in which the binding energy shift is inadequate to identify the chemical state.

NOTE 4  The Auger parameter is useful for evaluating the relaxation energy of the ionized matrix atom associated with the
generation of a core hole for those Auger transitions between core levels which have similar chemical shifts.

5.32

Auger parameter, initial state
(XPS) B, where = 3Eg + Ex and where Eg and Ey are, respectively, the binding energy of a photoglectron peak
and the Fermi level referenced kinetic energy of an Auger electron peak, each involving thelsane initial core
level of the same element

cf. Auger parameter, modified Auger parameter

NOTE The initial state Auger parameter is useful for evaluating the change in the atemic core potential fontribution to
changes in binding energy between two environments, providing the Auger transition is betiveen core levels whi¢h have similar
binding engrgy shifts.

5.33
Auger parameter, modified
(XPS) sun of the Fermi level referenced kinetic energy of a narrow, Auger electron peak in the spedtrum and the
binding epergy of the most intense photoelectron peak from the same element

cf. Auger parameter, initial state Auger parameter

NOTE The modified Auger parameter is the sum of the Auger parameter and the energy of the X-rays responsible for the
measured ghotoelectron peak. Unlike the Auger parameter,_ it does not depend on the energy of the X-rays.

5.34
Auger process
relaxation by electron emission, of an atom with a vacancy in an inner electron shell [1]

cf. Auger gle-excitation, Auger electron, Auger transition
NOTE The emitted electrons have characteristic energies, defined by the Auger transition.

5.35
Auger process, interatomic
(AES) Auger transition' in which at least one of the final electron vacancies is localized in valefice levels or
molecular |orbitals ef.atoms adjacent to the atom in which the initial vacancy occurred

5.36
Auger transition
Auger process involving designated electron shells or sub-shells

NOTE 1 The three shells involved in the Auger process are designated by three letters. The first letter designates the shell
containing the initial vacancy and the last two letters designate the shells containing electron vacancies left by the Auger
process (for example, KLL, and LMM). When a valence electron is involved, the letter V is used (for example, LMV and KVV).
When a particular sub-shell involved is known, this can also be indicated (for example, KL,L,). Coupling terms may also be
added, where known, to indicate the final atomic state (for example, LyM, gM, 5:'D).

NOTE 2  More complicated Auger processes (such as multiple initial ionizations and additional electronic excitations) can be
designated by separating the initial and final states by a dash (for example, LL-VV and K-VVV).

NOTE 3 When an Auger process involves an electron from the same principal shell as the initial vacancy (for example,
L,L,M), itis referred to as a Coster-Kronig transition. If all electrons are from the same principal shell (for example, M;M,M,),
the process is called a super Coster-Kronig transition.

© ISO 2001 - All rights reserved 9
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5.37
Auger tran
guotient of th

5.38

sition rate
e probability for an Auger process by time

background, inelastic
intensity distribution in the spectrum for particles originally at one energy but which are emitted at lower energies
due to one or more inelastic scattering processes

cf. inelastic scattering background subtraction, Shirley background, Sickafus background, Tougaard

background

NOTE Fd

r AES and XPS, the inelastic background associated with a particular Auger electron or photoelectrg

been approximated by a measured electron energy loss spectrum for which the incident-electron energy is close’to

of the peak. T
background. S
insulators.

5.39

he Tougaard background is also used. A simpler, but less accurate, inelastic background function is|
imple linear backgrounds have also been used but these are much less accurate, except forthe XPY

background, instrumental

intensity con

5.40

ribution, generally unwanted, arising from non-ideal behaviour of one ormore parts of the in

background, Shirley

(AES, XPS)
the peak or
proportion to
cf. Tougaard

5.41

background calculated to fit the measured spectrum at peints at higher and lower kinetic e
peaks of interest such that the background contribution at a given kinetic energy is
the total peak area above that background for higher kinetic energies

background

background, Sickafus

(AES, XPS)
cascade as 4

NOTE 1 TH
experimentally

NOTE 2  Th

Bs (E)e

where E is the

single-term power law background-.designed to describe the intensity of the secondar
function of electron emission kinétic'energy

e measured secondary-electrofi-cascade, for correct application of the Sickafus background, sh
observed spectrum corrected\for the spectrometer response function of the measuring instrument.

e spectrum shape, for a'Sickafus background Bg(E), is given by
-m

E

electron emission kinetic energy and mis a number in the range 1 to 2.

5.42
backgrou

d_sighal

n peak has
the energy
the Shirley
analysis of

strument

hergy than
in a fixed

-electron

uld be the

n those of

signal preseipt at'a particular position, energy, mass or wavelength due to processes or sources other tha

primary interest

cf. Shirley background, Sickafus background, Tougaard background

5.43

background, Tougaard
(AES, XPS) intensity distribution obtained from a model for the differential inelastic scattering cross-section with
respect to energy loss and the three-dimensional distribution of the emitting atoms in the surface region

cf. Shirley background

NOTE 1

sections. The atomic distribution and the inelastic scattering cross-section should be specified.

10

A number of classes of atomic distributions may be used together with different differential inelastic scattering cross-
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NOTE 2

ISO 18115:2001(E)

The Tougaard background is usually calculated to match the measured spectrum over a wide ene

rgy range that

excludes the peak region and the spectral region extending to approximately 50 eV less kinetic energy than the peaks of
interest. The measured spectrum should be corrected for the spectrometer response function of the measuring instrument
before calculation of the Tougaard background.

5.44

backscattered electron
(AES, EELS) electron originating in the incident beam which is emitted after interaction with the sample

NOTE 1

NOTE 2

By convention, an electron with energy greater than 50 eV may be considered as a backscattered electron.

By convention. the incident beam is often called the primary beam and the backscattered elect

rons are often

referred to

5.45

hs the backscattered primary electrons.

backsc::tering coefficient

backsc
(EIA, RBS
by the nun

5.46

tering yield

nber of incident ions

backscattering energy

energy of
sample

5.47

h particle from the primary beam after it has undergone a backsCattering collision and esc3

backscattering factor

(AES) fact
by backsd

NOTE
that fraction

5.48

or defining the increase in the Auger electron currént due to additional ionizations in the sg
attered electrons above that arising directly from'the primary electrons

Different usages exist; the factor is commonly the fractional increase, as defined above, and someti
al increase. The latter usage is deprecated. For clarity, the particular usage needs to be defined.

backscattering spectrum

(EIA, RBS

5.49

plot of backscattering yield versus backscattering energy [l

backsc::tering yield

backsc

n

(AES, EPN
total numQy
cf. secong

5.50

tering coefficient

NA) ratio of the'total number of electrons emitted from the sample with energies greater than
er of electrons incident at a given energy and angle of incidence
ary-electron yield, total secondary-electron yield, backscattering factor

ball cratering

quotient of the number of detected particles in an interval of backscattering-€nergy by that interval and

ped from the

mple caused

mes unity plus

50 eV to the

a procedure in which the sample is abraded by a sphere in order to expose compositional changes in layers below
the original surface with the intent that the depth of those layers can be related to the lateral position in the crater
created by the abrasion

cf. angle lapping, radial sectioning

5.51

beam convergence angle
angular interval containing all or a specified fraction of the beam in the space prior to or at the focal plane

cf. beam divergence angle

© ISO 2001 - All rights reserved
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NOTE Where the beam is symmetrical, the full or semi-angle may be used. The particular measure of angle needs to be
stated.

5.52

beam current

I

quotient of dQ by dt, where dQ is the quantity of electric charge of a specified polarity in the beam passing in the
time interval dt

| =dQ/dt

i W} K -
cf. pulse begmetrrentaveragebeam—cdrrent

NOTE Far beams in which the current varies with time, the instantaneous and time-averaged beam currénts will generally
differ. For a pylsed beam, the current when the beam is on may or may not be equal to the d.c. or unpulsed beam cufrent.

5.53
beam current, average
quotient of Q by t, where Q is the quantity of electric charge of a specified polarity inthe beam passing |n the time
interval t

NOTE Fqr beams in which the instantaneous current varies periodically with time, the time interval t is an integral number
of periods.

5.54
beam currgnt density
J
(for a paralle] beam of charged particles) quotient of dl by dA where dl is the element of beam current incident on
an area dA a} right angles to the direction of the beam

J =dI/dp
cf. fluence, flux, dose
NOTE Fqr a convergent or divergent beamgthe area dA is replaced by a small sphere of cross-sectional area df\.

5.55
beam current, integrated
total electric tharge transported in.the beam over a specified time

5.56
beam current, pulse
quotient of Q by to whereQ is the quantity of electric charge of a specified polarity in the beam passing|during the
period to in which the pulse is on

5.57
beam diameter
(for a particle beam of circular cross-section) full width of the beam at half maximum intensity measured in a plane
normal to the beam direction [1]

NOTE The beam diameter is usually specified at a given point in space such as the position of the sample.
5.58

beam divergence angle

angular interval containing all or a specified fraction of the beam in the space after the focal plane

cf. beam convergence angle

NOTE Where the beam is symmetrical, the full or semi-angle may be used. The particular measure of angle needs to be
stated.
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5.59
beam energy
kinetic energy of the beam particles

cf. beam impact energy, incident-particle energy
NOTE 1 The energy is usually given in electron volts.

NOTE 2 The beam energy is often taken to be the particle energy on impact at the sample surface. However, where a
sample is at a potential other than ground, the impact energy of the particles may differ from the beam energy as delivered by
an electron or ion gun to the sample environment. In this case, use of the term impact energy avoids confusion.

5.60
beam impact energy
kinetic enlergy of the beam particles on impact with the sample surface

cf. beam gnergy, incident-particle energy

NOTE 1 [For primary ion beams in SIMS, the beam impact energy is given by the difference in electric potentigal between the
ion source,|strictly the plasma meniscus, and the sample surface multiplied by the charge.on’the ion. In some $IMS systems,
the beam gnergy is given for the source potential with respect to ground but the sample\potential need not be &t ground. The
impact enefgy takes account of any sample potential.

NOTE 2 |Use of the qualifier “impact” indicates that this is the energy of the patticles striking the surface.

5.61
beam particle
electron, gositron, ion, atomic, molecular or cluster species contained in the incident beam

5.62
beam, primary
directed flux of particles or photons incident on a sample

5.63
beam prpfile
spatial disfribution of the beam flux in a plane normal to the beam axis

5.64
binary elastic scattering
elastic gcattering

collision bgtween a moving particle and a second particle in which the total kinetic energy and the total momentum
are conselved

cf. inelastic scattering

NOTE In elastic scattering interactions, the moving particle may be deflected through angles of up to 180°.

5.65
binary elastic scattering peak

(ISS) increase in the spectrometer detection system response above the background level which can be attributed
to binary elastic scattering of an incident ion by a surface atom of a particular mass [1]

5.66

binding energy

energy that must be expended in removing an electron from a given electronic level to the Fermi level of a solid or
to the vacuum level of a free atom or molecule

© 1SO 2001 - All rights reserved 13
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5.67

2001(E)

blocking geometry
(EIA, RBS) experimental arrangement wherein the atom rows or planes of a single crystal target are aligned
parallel to a vector from the sample to the detector [1]

5.68

Bragg's rule
empirical rule formulated by W.H. Bragg and R. Kleeman that states that the stopping cross-section of a
compound sample is equal to the sum of the products of the elemental stopping cross-sections for each constituent

and its atomi

c fraction, that is,

£(ABy

where £ (AB
of elements

5.69
bremsstra
(EPMA, XPS
material

NOTE 1 Th
NOTE 2 In
photoelectron
characteristic

)=x.9A+ysB

is the stopping cross-section of the compound, ABy, and g, and &g are the stopping-cros
and B, respectively [1]

{)

hlung
» photon radiation emitted from a material due to the deceleration af-incident electrons

e bremsstrahlung radiation has a continuous spectral distribution up to-the energy of the incident elect|
XPS, The bremsstrahlung from a conventional X-ray source ‘with an Al or Mg anode leads to a

Al or Mg Koo X-rays. As a result, Auger electron features nijay appear at negative binding energy val

addition, the itensities of other Auger electron features may be greater than if the inner shell vacancies had been (

by the charag
Auger param

5.70
cascade nf
a diffusion-lik

teristic X-rays. The bremsstrahlung-excited Auger electron features can be helpful in determining
pters needed to identify chemical states.

ixing

slowing dow in the sample surface region

cf. atomic m

NOTE1 If

xing, collision cascade, knock-on, recoil implantation

htomic mixing and knock-on ‘effects are not significant, the measured sputter depth profile of a delta |

asymmetric o account of cascade ‘mixing since the surface moves through the sample as it is sputtered. The in

profile product

NOTE 2 If
delta position

NOTE 3 In
atom has an

ed will be GaussianChowever until significant delta material has been lost through the sample surface.

Cascade mixingdis the only significant mixing process, the centroid of the measured distribution will lig
after any ghift in the depth scale arising from pre-equilibrium effects has been corrected).

the dilote limit, the measured depth profile for the delta layer will have an exponential tail because
bqualhprobability of being moved deeper or shallower and there is thus an indefinitely persistent b

concentration

s-sections

within that

ons.

continuous

background. This radiation may also photoionize inner Shells that would be energetically impossible by

ues and, in
reated only
the various

e process in which atoms of materialare moved randomly by energy deposited by incidemt particles

ayer will be
tial internal

at the true

Any internal
it decaying

n the near-surface region. The presence of this tail often leads to the belief that there is a directiond

| knock-on

process at work. True knock-on effects have rarely if ever been observed, and are probably not significant as causes of sputter
profile distortion.

5.71

channelling
preferential motion of energetic particles along certain axial or planar directions of a crystalline solid as the particles
move through the sample

NOTE

these directions.

14

The potentials of the individual atoms of the solid combine to reduce the scattering of the energetic particles from
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characteristic electron energy losses
(AES, EELS, XPS) inelastic scattering of electrons in solids that produces a non-uniform energy loss spectrum
determined by the characteristics of the material

cf. plasmon

NOTE 1

possible.

The most probable characteristic losses arise from excitation of valence electrons. For some solids (for example,
non-transition metals), inelastic scattering is dominated by plasmon excitations. For other solids, the inelastic scattering may be
due to a combination of plasmon excitation and single valence-electron excitations, and these excitations may not be
distinguishable. Inelastic scattering can also occur through the excitation of core level electrons when this is energetically

NOTE 2

NOTE 3
Auger elect

5.73

The characteristic energy losses are most prominent in the energy loss range 0 eV to 100 eV.

Characteristic electron energy loss peaks are often observed in association with other peaks in a
Fon peaks, photoelectron peaks, and the peak arising from elastic scattering of primary electrons).

characteristic X-rays

photons e

mitted by ionized atoms and having a particular distribution in energysand intensity charac

atomic number and chemical environment of the atom [

NOTE 1

NOTE 2

In XPS, the term is applied to the X-ray source used to excite photeelectrons in the sample.

In EPMA, characteristic X-rays emitted from the sample are‘detected and analysed to give infor|

composition of the sample.

5.74
charge n
alteration

5.75
charge n
maintenan

hodification
bf the amount or the distribution of charge at-a.sample surface

eutralization
ce at a fixed potential, usually near neutrality, of the surface of a non-conducting or poor

sample material under bombardment by primary particles or photons

NOTE
photons.

5.76

Charge neutralization may( be accomplished by bombarding the surface with electrons or, more

charge referencing

(AES, XPS$
energies S

cf. advent

5) method hy 'which the charging potential of a sample is determined in order to correct t
0 that thaSe ‘energies correspond to a sample with no surface change

tious'\carbon referencing

spectrum (e.g.

eristic of the

Mmation on the

y conducting

rarely, ions or

ne measured

NOTE

5.77

charging potential
electrical potential of the surface region of an insulating sample caused by irradiation

NOTE

5.78

Charge Teferencing 1S ofter conducted using adventitious carbon Teferencing or by gofddecoration.

Different charging potentials may occur on different areas or at different depths in a sample arising from sample
inhomogeneities or non-uniform intensity of the incident flux of radiation

chemical effects
(AES, EELS, EPMA, XPS) change in the shape of a measured spectrum, or in the peak energy for an element,
arising from chemical bonding

© ISO 2001 - All rights reserved
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5.79

chemical shift
(AES, EELS, EMPA, XPS) change in peak energy arising from a change in the chemical environment of the atom

5.80

collision cascade
sequential energy transfer between atoms in a solid as a result of bombardment by an energetic species [1]

cf. atomic mixing, cascade mixing, knock-on, recoil implantation

5.81

compositi¢nal depth profile

CDP
chemical or §

5.82
constant
constant
CAE mode
fixed analy
FAT mode
mode of ele
constant in th

NOTE TH

5.83

itomic composition measured as a function of distance normal to the surface
E mode

nalyser energy mode

yser transmission mode

ctron energy analyser operation that varies the electron retardation but keeps the pas
e energy dispersive portion of the analyser

is mode is often used in XPS to maintain a high and constant energy resolution throughout the spectry

constant

E/E mode
constant retardation ratio mode
CRR mode

fixed retan
FRR mode
mode of ele

energy dispq
energy
NOTE Th

expense of sp

5.84
Coster-Krg
(AES, EPMA

cf. Auger tra

EXAMPLES

dation ratio mode
Ctron energy analyser operation that'varies the retarding potential so that the pass eng

rsive portion of the analyser is a\constant fraction of the original vacuum level referenc

s mode is often used in AES-to improve the signal-to-noise ratio for high-energy emitted elect
pctral resolution.

nig transition
. XPS) Augerqrocess involving an electron from the same principal shell as the initial vaca

nsitions-super Coster-Kronig transition

L, £, Mg; M; M,N.

s energy

m.

rgy in the
bd kinetic

fons at the

hcy

5.85
counts
total number

NOTE

of pulses recorded by a detector system in a defined time interval

The counts may be representative, one-for-one, with the particles being detected (in the absence of dead time

losses in the counting measurement), in which case they follow Poissonian statistics (unless other noise sources are present)
or they may simply be proportional to the number of particles being detected. The type of measure needs to be clearly stated.

5.86

crater depth
average depth of the region of a crater from which the measured signal is derived

16
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NOTE 1
from the thi

NOTE 2

5.87

ISO 18115:2001(E)

The crater is generally formed by ion bombardment in sputter depth profiling and, in this case, may be different

ckness of sample material removed by sputtering due to dilation of the altered layer.

The crater depth may be modified by the formation of a reacted layer (e.g. an oxide) following any exposure to the
atmosphere or other environments.

crater edge effect
signals from the crater edge which often originate from depths shallower than the central region of the crater
formed in depth profiling

5.88

cross-selction

(for a spe
particles d

f specified type and energy) quotient of probability of reaction or process for theftarget

incident-particle fluence [2]

NOTE 1

NOTE 2
the numben

dN =

where nis

Integration
N =N

where N, i

5.89

Cross-sections are often expressed as an area per target entity (atom, molecule etc;) for the relevant

of N of particles in that state in a distance dx given by the relation:
Nondx

he density of atoms traversed by the beam.

eads to the relation:

0 €xp(-nox)

the value of N at the origin of x.

cross-section, elastic scattering

Cross-seg

5.90

tion for binary elastic scattering

cross-section, elastic scattering;-differential

guotient o

the cross-section for elastic scattering into a particular infinitesimal solid angle far from

that infinit¢simal solid angle

NOTE

O =

where do,

The differential elastic\scattering cross-section is related to the elastic scattering cross-section, o, by

J. dO'e (Q) do
: de

)/dQs the differential elastic scattering cross-section for scattering into solid angle .

Cified target entity and for a specified reaction or process produced by incident charged ¢r uncharged

entity by the

process.

A cross-section of o per atom for the removal of particles from a given state inp-a*beam will lead to a eduction dN in

the target by

5.91
cross-se

ction, enhanced elastic

(EIA, RBS) cross-section of an atom for elastic scattering that is greater than the Rutherford cross-section due
to partial penetration of a nucleus in the sample by the incident particle

5.92
cross-se

ction, inelastic scattering

(AES, EELS, EMPA, XPS) cross-section for inelastic scattering by an electron traversing a material

5.93
cross-se
Cross-sec

ction, ionization
tion for a process that will produce, in an atom, a vacancy in a previously occupied shell
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NOTE 1

NOTE 2
the atom.

NOTE 3

these electrons in a shell or sub-shell of the particular atom.

NOTE 4

Kronig processes.

5.94

A total ionization cross-section refers to removal of an electron from any atomic shell or sub-shell of an atom.

A partial or sub-shell ionization cross-section refers to removal of an electron from a specified shell or sub-shell of

A partial ionization cross-section may be expressed per electron in a shell or sub-shell or for the total number of

An atom may have multiple vacancies following an initial ionization or as the result of subsequent Auger or Coster-

cross-sectiion, nuclear reaction

(EIA) cross-4
reaction per
NOTE TH

5.95

ection at a given beam energy and emission direction of the detected product for a particu
ntom

is cross-section is usually expressed per atom as an area in units of barns; one barn = 10728 m2,

cross-section, photoionization

total ionizatig
more photoe

cf. ionizatior

5.96

n cross-section for an incident photon of a given energy interacting with a material to prod
ectrons from all sub-shells that are energetically accessible

cross-section, sub-shell photoionization cross-section

cross-section, Rutherford

(RBS) elasti
cf. elastic sc
NOTE TH

5.97

C scattering cross-section calculated using classical' mechanics
attering cross-section, enhanced elastic cress-section

e resulting cross-section formula was first derived by Rutherford.

cross-section, stopping

(EIA, RBS) g
atomic densi

NOTE1 Th

uotient of the rate of energy:loss of a particle with distance along its trajectory in a sam
y of sample atoms for an infinitesimal sample thickness

is stopping cross-section.is usually expressed in units of eV-m2/atom and not an area per atom as i

for cross-sections.

NOTE 2 Th
units will be e

e= (]/N
or by

e atomic density.is’sometimes taken as the number density, N, and sometimes as the mass density, p
-m2/atom or'e\*m2/kg. The stopping cross-section s thus given either by

(dE/dx)

ar nuclear

lICE one or

ple by the

customary

so that the

£=(Yp)

(dE/dx)

where dE/dx is the rate of loss of energy E with distance x along the particle trajectory.

NOTE 3

5.98
cross-sect

Older texts may be found with the stopping cross-section given in keV-cm2/gm and in many other forms.

ion, sub-shell photoionization

cross-section for an incident photon interacting with a material to produce a one or more photoelectrons from a
given sub-shell

cf. photoioni

18

zation cross-section
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NOTE Photoionization from one sub-shell may lead to shake-up or shake-off of electrons from other shells.
5.99

cross-section, transport

Oy

r
quotient of the fractional momentum loss of a particle incident on the sample arising from elastic scattering by the
areic density of the sample atoms, for an infinitesimally thin sample

NOTE 1  This cross-section is expressed as an area per atom.

NOTE 2  The cross-section for the loss of any momentum, however small, is simply the elastic scattering cross-section. By
contrast the_transport cross-section is a measure of the probability of the loss of a substantial fraction of the initial momentum,
analogous fo stopping cross-section which is a measure of the probability of the loss of a substantial energy.

NOTE 3 |Transport cross-section is related to differential elastic scattering cross-section, do,(£2)/d£2, by
Q .
(1-cos@)singde

Oy = ZTCJ.

where @ is [the angle of scattering.

5.100

cross-sectioning
sample p?paration in which the sample is cleaved, cut or polished in_aplane perpendicular to the interface under
study, so that associated compositional differences or gradients may)be observed in that plane

5.101
dead time
time per plilse for which a pulse counting system is unavailable for further counting

5.102
dead timje, extended
dead time for a system where the pulse lengths are extended by extra pulses arriving during tHe dead time
associated with an earlier pulse

5.103
dead time, multidetector
effective dlead time of the wholeldetector, treating it as a single detector

5.104
dead time, non-extended
dead timeg for a systém*where the pulse lengths are not extended by extra pulses arriving during the dead time
associated with earlier pulses

5.105
decay length
value of | for an intensity exhibiting a response e*¥/! with distance x

cf. attenuation length

5.106

decay length, average emission function

negative reciprocal slope of the logarithm of a specified exponential approximation to the emission depth
distribution function over a specified range of depths, as determined by a straight-line fit to the emission depth
distribution function plotted on a logarithmic scale versus depth on a linear scale [1]

5.107

decay length, deep emission function
asymptotic value of the emission function decay length for increasing depths from the surface
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decay length, emission function
negative reciprocal slope of the logarithm of the emission depth distribution function at a specified depth []

5.109

decay length, leading edge
value of the decay length for an increasing signal intensity as a function of depth prior to a maximum

NOTE This term is mainly used in the SIMS depth profiling of delta layers. It is also used in AES and XPS sputter depth
profiles.

5.110

decay Ienith, trailing edge

value of the dlecay length for a decreasing signal intensity as a function of depth following a maximum

NOTE THis term is mainly used in the SIMS depth profiling of delta layers. It is also used in AES and) XPS spptter depth
profiles.

5.111

degree of jonization

ionization cogfficient (deprecated)

(SIMS, FABMS) quotient of the number of ions of a species emitted by the number of sputtered partidles of that
species

5.112

delta layer

layer of discrte composition, one atom thick, formed during growthZef material on a substrate

NOTE THese films are often formed during epitaxial growth on.single crystal substrates.

5.113

depth distribution function, emission

(for a measyred signal of particles or radiation..emitted from a surface) probability that the particle of radiation
leaving the surface in a specified state and (inya given direction, originated from a specified depth [measured
normally from the surface into the material

5.114

depth distribution function, excitation

probability tHat specified excitations/are created at specified depths measured normally from a surfage into the
material by al beam of specifieg particles or radiation incident on the surface in a given direction [1]

5.115

depth profjling

monitoring of signal.intensity as a function of a variable that can be related to distance normal to the sufface

cf. compositjonal depth profile

NOTE THe signal intensity is usually measured as a function of :Inlmnring time

5.116

depth resolution
depth range over which a signal changes by a specified quantity when reconstructing the profile of an ideally sharp
interface between two media or a delta layer in one medium

NOTE

The precise quantity to be used depends on the signal function with depth. However, for routine analytical use, a

convention of the depth at an interface over which the signal from an overlayer or a substrate changes from 16 % to 84 % of
their total variation between plateau values, is often used in AES and XPS.

5.117

depth resolution, instrumental

(AES, SIMS,

20

XPS) depth resolution in the sample arising from parameters of the instrument
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NOTE In sputter depth profiling, these parameters involve the system alignment and may include the ion species, energy
and angle of incidence as well as the option to rotate the sample whilst sputtering.

5.118
depth resolution, instrumental
(MEIS, RBS) depth resolution in the sample arising from the energy resolution of the spectrometer

5.119

depth resolution parameter

parameter which may be used as (i) a coefficient in an analytic fit to a measured compositional depth profile or (ii)
as a qualitative way of describing that profile

cf. depth resolution

EXAMPLE$ Standard deviation (for a Gaussian response function), full width at half maximum intepsity/(for ahy bell-shaped
distribution] and decay length (for an exponentially increasing or decreasing region of the response function).

NOTE 1 [Standard deviations can be used for any bell-shaped curve. If parameters are measured for a step change in
composition, care must be taken that the depth range for the measurements is large enough-to ensure that the s|gnal becomes
constant with depth on either side of the step.

NOTE 2 |Parameter definitions should be used consistently.

NOTE 3 Depth resolution parameters usually give no indication of distinguisfiability, but are useful in instrumeptal evaluation
and profile feconvolution.

5.120
detection limit
smallest ajnount of an element or compound that can be measured under specified analysis conditiong

NOTE 1 |By convention, the detection limit is often taken to-correspond to the amount of material for which the|total signal for
that materigl minus the background signal is three times the’ standard deviation of the signal above the backgrouphd signal. This
convention|may not be applicable to all measurements‘and, for a fuller discussion of detection limits, (3] should be|consulted.

NOTE 2 [The detection limit may be expressed‘in many ways depending on the purpose. Examples of expresdions are mass
or weight frpction, atomic fraction, concentration, number of atoms and mass or weight.

NOTE 3 [The detection limit will gen€rally be different for different materials.

5.121
detecton efficiency
fraction of|particles or photons incident on the detector that result in the detected signal

5.122
differential spectrum
(AES (and rarely XPS)) differential of the direct spectrum with respect to energy, E, by an analodue electrode
modulatign-method or by numerical differentiation of that spectrum

NOTE The modulation amplitude in eV or the number of points and the type of differentiating function should be given.

5.123

dilute limit

(SIMS) atomic fraction or concentration of impurity species in an homogeneous matrix below which the SIMS
process may safely be assumed to be linear with composition

5.124

direct spectrum

(AES and XPS) intensity of electrons transmitted and detected by a spectrometer with a dispersing energy
analyser, as a function of energy E
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NOTE 1

2001(E)

from the first differential of the collected current with respect to the retarding energy.

NOTE 2

In retarding field energy analysers, which do not have a dispersing element, the direct spectrum may be obtained

By convention, direct spectra in XPS are often presented in the constant AE mode, in which the spectrum

approximates the true spectrum whereas, in AES, spectra are often presented in the constant AE/E mode, in which the
spectrum approximates E times the true spectrum.

5.125
dose

synonym of areic dose

5.126

dose, arei¢

dose density
D

quotient of d
through a su

D =dN

NOTE1 TH

is the geometijc surface area.

NOTE 2  Fd

beam to the slirface normal.

NOTE3 In
term dose has
impacting the
by others. Her

NOTE4  Fd

5.127

dose, implanted areic

Dimp
guotient of d
within a surfg

Dimp _

q

NOTE P

5.128

dose, nom
Dnom

>

(deprecated)

face area dA
dA

e energetic particles are atoms or atom clusters which may be electrically charged or neutral, the surf
r a stationary parallel beam, areic dose equals fluence times ceS@'where 4 is the angle of incid

some texts the term dose density is used but the term dosg’(more correctly areic dose) is more wide
been defined very differently in the fields of radiation and medical sciences. The total quantity of parti
surface has been taken by some to be dose and the gquotient of the quantity by the area of the surfacg
P dose is taken to be the latter. Dose density and doSe, where they occur, are to be taken as the areic

r a discussion of areic dose in relation to ion-imiplanted reference materials, see [4].

NmP by dA, where dNIMP is“the number of energetic particles of a specified type incident
ce area dA and stopped within the solid

AN P /dA

rticles which ate-not stopped within the solid are either backscattered or transmitted.

nal areic

areic dose, as measured by an approximating procedure

N by dA, where dN is the number of energetic particles of a specified type intfoduced ifto a solid

hce area dA

ence of the

bpread. The
le radiation
to be dose
dose.

on a solid

NOTE

Typically, D™ for a beam of charged particles is derived by forming the quotient of the particle equivalent to the

current integral over time and the surface area over which the beam is scanned with lateral uniformity. Hence, D"°™M is generally

an approximat

5.129

e average measure of D.

dose, non-implanted areic
areic dose representing the fraction of the received areic dose not trapped in the sample

NOTE

22

The sum of the implanted areic dose and the non-implanted areic dose equals the received areic dose.
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5.130
dose rate, areic
G
quotient of dD by dt, where dD is the areic dose introduced into a solid in time interval dt
G =dD/dt
NOTE For a stationary parallel beam, areic dose rate equals flux times cosé where 6 is the angle of incidence of the
beam.
5.131
dose, recetved arelc

Drec
quotient of dN'€¢ by dA, where dN'C is the number of energetic particles of a specified type.incident on a solid
within a syrface area dA

D'ec L dNrec/dA

5.132
dose, retained areic
Dret
quotient of dN'et by dA, where dN'et is the number of energetic particles of-a/specified type incident on fa solid within
a surface g@rea dA, stopped within the solid and remaining therein

D't L gN ret/dA

NOTE 1 Particles which are stopped within the solid but do net remain therein may be either thermally evgporated or re-
emitted by gputter erosion of the solid.

NOTE 2 |The retained areic dose is a fractional quantity(of the implanted areic dose.

5.133
dose, sputtered areic
areic dosg representing the fraction of the implanted areic dose lost from the sample by sputtering

NOTE The sputtered areic dose issa fractional quantity of the implanted areic dose.

5.134
dynamic| emittance matching
electron of ion optical method of steering a spectrometer axis to align with the impact area of the primary beam at
all points of a raster scan-on the sample surface

5.135
electron| energy analyser
device foereasuring the number of electrons, or an intensity proportional to that number, as a function of the
electron k

etic enerqy
77

cf. electron spectrometer

5.136
electron flooding
irradiation of a sample with low-energy electrons in order to change or stabilize the charging potential

5.137

electron retardation

(AES, XPS) method of measuring the kinetic energy distribution by retarding the emitted electrons before or within
the electron energy analyser [1]
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5.138
electron spectrometer
device, the essential part of which is an electron energy analyser

NOTE Electron spectrometer may be used either as a synonym for electron energy analyser or to describe a more
complex instrument based on an electron energy analyser and additional electron-optical components. Occasionally, the term
may be used to describe a complete working system with an energy analyser, possible electron-optical components, electron
detector, excitation sources, vacuum pumps, control electronics and a data processing system. The meaning should be made
clear by the context.

5.139

emission yield

(GDOES) qu't)tient of time-integrated optical emission signal minus signal background at a specified wavelength by
the mass of the emitting element sputtered in the time interval of interest

5.140
energy edge
(EIA, RBS) Values of the backscattering energy for an element, or isotope, that is located at the surfface of the
sample

5.141
energy loss
energy dissigated by particles as they interact with the sample

cf. characterjstic electron energy losses, plasmon

5.142
energy Ios’r spectrum, electron

energy specfrum of electrons from a nominally monoenergetic source emitted after inelastic interactiorjs with the
sample, ofte exhibiting peaks due to specific inelastic lossprocesses

cf. characterjstic electron energy losses, plasmon

NOTE 1 THe spectrum obtained using an incident electron beam of about the same energy as an AES or| XPS peak
approximates the energy loss spectrum associated with that peak.

NOTE 2  THe electron energy loss spectrim) measured with an incident electron beam, is a function of the beam|energy, the
angle of incidence of the beam, the angle.of emission, and the electronic properties of the sample.

5.143
energy of ingident beam (deprecated)
see beam impact energy.

5.144
energy per channel
energy difference between successive spectral channels

5.145

energy, surface approximation

(EIA, RBS) simplification of calculations involving the energy of an ion passing through a solid sample where the
energy of the ion at the surface is used in place of a properly averaged energy [1]

NOTE This approximation is used to determine the energy at which scattering or stopping cross-sections, or both, are
evaluated.

5.146

erosion rate

(surface) quotient of the change in the position of the surface as a result of particle or photon irradiation by the time
of irradiation
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cf. sputtering rate

NOTE 1  The erosion rate can be deduced from surface profilometer measurements of a crater after analysis. In this case,
the effects of the altered layer and post-profile oxidation need to be considered.

NOTE 2  Where the erosion is caused by sputtering, initially the erosion rate may be less than the sputtering rate as a result
of the retention of sputtering particles.

NOTE 3  The rate may be measured as a velocity.

5.147
escape depth, mean
average depth normal to the surface from which the specified particles or radiations escape as defined|by:

oo

J.z¢( z,a)dz/of(b(z,a)dz

0

where ¢(76) is the emission depth distribution function for depth z from the sUrface into the material and for
angle of gmission @ with respect to the surface normal [l

5.148
Faraday|cup
detector with a cup-shaped electrode for collection of the electric charge carried by a beam of charged particles
passing into the cup, designed such that emission of charged particles.from the detector is minimized

NOTE A Faraday cup is of “black hole” quality if it is open onlyt@ charged particles moving from outsidg in, but not to
charged pafticles of any type moving from inside out. As a detector for ions in a beam, a Faraday cup is “ideal” if it combines a
black hole gapability with a filter for electrons and secondary ions:(i.e. the Faraday cup is open only to forward moving ions of
the beam, lut is closed to all electrons and secondary ions from‘oth inside and outside the cup).

5.149
Fermi energy

Fermi leyel

{conductofs) maximum energy of electrons-in the valence band at zero kelvins

cf. vacuum level
NOTE For insulators and semicanductors, the Fermi level is usually between the valence and conduction bands.

5.150
Fermi leyel referencing
(XPS, UPE) establishing the binding energy scale for a particular sample by assigning the kinetic energy
correspongling to theJ/~ermi level, as determined by analysis of the sample's XPS or UPS spectrum, ak the point of
zero bindihg enérgy [11

cf. vacuum-levelreferencing

5.151

field induced migration

effect occurring in insulators where internal electric fields created by ion or electron bombardment cause the
migration of sample atoms

5.152

final state
(AES, EMPA, XPS) state of an atom resulting after a particular Auger, X-ray or photoemission process
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5.153
fluence
F

(for particles moving in many directions) quotient of dN by dA, where dN is the number of particles of a specified

type incident

5.154
fluence
F

on a sphere of cross-sectional area dA

(for a parallel beam of particles) quotient of dN by dA, where dN is the number of particles of a specified type

incident on al

n area dA at right angles to the direction of the beam

F =dN

NOTE 1 Fd
beam's own nj

dA

r a scanned parallel beam, the fluence may be referred to the laboratory coordinate system or to t
oving coordinate system. The latter will generally give the higher value. The usage of fluence in thes

requires a clegr statement of the coordinate system being used.

NOTE 2 In
definition of ar
NOTE 3 Fq

5.155

some texts, the term fluence is used for areic dose. This is incorrect and has led to confusion. See
pic dose.

r a parallel beam, fluence rate and flux density are equivalent measures.

fluorescence

(AES, TXRF
binding ener

5.156

XPS) X-rays generated by a transition of an electron™from a filled shell to a core hole §
jy created by incident radiation

fluorescence yield

(AES, TXRH
fluorescenc

5.157
flux
/]

, XPS) probability that an atom with s@_vacancy in a particular inner shell will relax

al

(for a beam ¢f particles) quotient of dN hy dt, where dN is the number of particles of a specified type pas

time interval

@ =dN

NOTE Fd

it
dt

r a parallel beam, fluence rate and flux density are equivalent measures.

5.158
gated are

he scanned
e situations

ote 2 to the

it a higher

by X-ray

sing in the

defined arealwithin a larger area from which the signal may be obtained

NOTE

gate or a digital gate.

5.159

gate, digital
system allowing the data associated with any selected group of image pixels to be summed to produce cumulative
data from any desired area

5.160

gate, electronic
system consisting of a counter or detector which is enabled or disabled by signals from the beam scanning system
so that counts only accumulate when the primary beam is incident on a selected part of the imaged area

26

The defined area is often in the central region of a crater and may be defined by an optical aperture, an electronic
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5.161

glow discharge

phenomenon that results from the passage of electrical current through a gas and that is characterized by emission
of light, a low current density (ca. 0,01 A/m?2 to 1000 A/m2), and a potential that is above the ionization potential of
the gas but below the sparking potential

NOTE 1 In glow discharge surface analytical instruments, sample material is introduced into the gaseous discharge via
bombardment of the surface by positive ions and energetic neutral species. Sputtered atoms are then excited and ionized by
collisions in the discharge.

NOTE 2  Analytical glow discharge devices are usually operated in argon at a pressure in the range 10 Pa to 2 000 Pa.

5.162

gold dedoration
(XPS) method whereby a very small quantity of gold, deposited as unconnected islands on anfinsulatqr, is used for
charge referencing

NOTE 1 |[The gold may be deposited by evaporation or by immersion of the surface in a solution which produces a colloidal
gold depostt.

NOTE 2 |The binding energy for the Au 4f,,, peak is often taken as 84,0 eV, although méeasured values of this binding energy
for gold deposited on a conducting substrate vary with the average gold island diameter:

5.163
grazing exit

glancing exit
geometrical arrangement in which the angle of the scattered (or,emitted) particles is near 90° from the normal to
the sampl¢ surface

NOTE This configuration generally results in improved surface sensitivity and may also improve depth resolyition.

5.164
grazing incidence

glancing incidence
geometrical arrangement in which the angle-of the incident particles is near 90° from the normal tp the sample
surface

NOTE This configuration can result in improved surface sensitivity (e.g. in TXRF).

5.165
image depth profile
three-dimgnsional representation of the spatial distribution of a particular elemental or molecular| species (as
indicated By emitted secondary ions or electrons) as a function of depth or material removed by sputtdring [1]

5.166
incidentiparticle energy
kinetic enletgy of a particle incident on the sample surface

cf. beam energy, beam impact energy

NOTE The incident energy may also be expressed per atom for an incident atomic cluster. However, to avoid confusion,
the phrase “per atom” should then be used.

5.167
inelastic electron scattering background subtraction
(AES, XPS) process for subtracting a chosen inelastic scattering background from the measured spectrum

cf. inelastic background, Shirley background, Tougaard background
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NOTE For AES and XPS, the inelastic background associated with a particular Auger electron or photoelectron peak has
been approximated by a measured electron energy loss spectrum for which the incident-electron energy is close to the energy
of the peak. The Tougaard background is also used. A simpler, but less accurate, inelastic background function is the Shirley
background. Simple linear backgrounds have also been used but these are much less accurate except for the XPS analysis of
insulators.

5.168

inelastic mean free path, electron
average distance that an electron with a given energy travels between successive inelastic collisions

cf. attenuation length

5.169 L
inelastic scattering
interaction bgetween a moving energetic particle and a second particle or assembly of particles(in-which the total
kinetic energy is not conserved

NOTE Kihetic energy is absorbed in solids by various mechanisms, for example inner shell)ionization, plasmon and
phonon excitation and Bremsstrahlung generation. These excitations usually lead to a small change in direction of|the moving
particle.

5.170
informatioh depth
maximum dejpth, normal to the surface, from which useful information is obtained

NOTE 1  THe information depths for the different surface analysis methods differ significantly. The information depth for each
technique depends on the material being analysed, the particular signals being recorded from that material, and thg instrument
configuration.

NOTE 2  THe information depth can be identified with the sample-thickness from which a specified percentage (4.9. 95 % or
99 %) of the dptected signal originates.

NOTE 3  THe information depth may be determined fram a'measured, calculated, or estimated emission depth distribution
function for the signal of interest.

5.171
initial statp
(AES, EPMA)) core-hole excited state of ‘an atom prior to an Auger transition or to X-ray emission

5.172
initial state
(XPS) the grpund state of ar atom prior to photoelectron emission

5.173
instrumental detection efficiency
ratio of the gpantity’of a detected event to the quantity of that event available for measurement

5.174
intensity, peak
measure of signal intensity for a constituent spectral peak

NOTE 1 Intensity is usually measured for quantitative purposes which, for direct electron spectra or for mass spectra, may
be the height of the peak above a defined background or the peak area. The units may be counts, counts-eV, counts per
second, counts-eV per second, counts per amu, counts per second per amu, etc. For differential electron spectra, the
intensity may be the peak-to-peak height or the peak-to-background height. The measure of intensity should be defined and the
units stated in each case.

NOTE 2  The meaning is very rarely the literal meaning of the intensity value at the top of the measured peak either before or
after removal of any background.
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5.175
intensity, signal
strength of a measured signal at a spectrometer detector or after some defined processing

NOTE 1 The signal intensity is subject to significant change between the points of generation and the detection of the signal
and further between the points of detection and display on the measuring instrument.

NOTE 2  The signal intensity may be expressed in counts (per channel) or counts per second (per channel) or counts eV per
second or other units. In AES, the differential of the signal intensity may be obtained by analogue modulation of an electrode
in the spectrometer or by numerical differentiation of the spectrum. The type of signal thus needs to be defined.

NOTE 3 In an electron or mass spectrum, the measured spectrum integrated over energy or mass and solid angle is equal to
a current. If the spectrometer has been calibrated, the units of intensity may be current-eV—1.sr1 or current-amu=2.sr1. If the
spectrum Has been normalized to unit primary beam current, the appropriate units would be eV-1.sr1 ofamp—1l.sr1. If the
spectrum hps also been integrated over the emission solid angle, the appropriate units would be eV-1 or amuyt.

5.176
interface
boundary petween two bulk phases having different chemical, elemental or physical properties

5.177
interface width, observed
(AES, XP$, SIMS) distance over which a 16 % to 84 %, or 84 % to 16 %,{change in signal intensity|is measured
at the jungtion of two dissimilar matrices, the thicknesses of which are more than six times that distanc

1%

5.178
interfacial region
volume between two bulk phases having chemical, elemental.erphysical properties different from either bulk phase

5.179
interfergnce signal
{mass spdctrometry, optical spectroscopy, TXRF) sighal measured at the position of mass, energy of wavelength
interest dye to another, undesired, species

NOTE In general laboratory use, interference”may be used more broadly to indicate electrical noise, line p|ck-up or other
unwanted dontributions to the detected signal:

5.180
internal carbon referencing
(XPS) method by which the «ciarging potential of a particular sample is determined from a compgrison of the
experimerjtally determined..C)1s binding energy arising from a specific carbon group within the sample with a
standard hinding energy-value for that carbon group

cf. advent|tious carbon referencing

NOTE A hydrocarbon group within the sample is often used for this purpose.

5.181
internal scattering

process in which some particles strike internal surfaces of the spectrometer in such a way that scattered or
secondary particles are detected as unwanted intensity in the spectrum

5.182
ion beam
directed flux of charged atoms or molecules [1]

5.183

ion beam induced mass transport
movement of atoms in a sample caused by ion bombardment
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5.184
ion image

(SIMS) two-dimensional representation of the spatial distribution of the amount of a particular secondary ion

emitted from

within a specific area of the sample

cf. map, elemental

5.185

ion implantation
injection of ions into a sample [1]

5.186

ion lifetim
average time
of an atom

5.187

ion neutra
(ISS, SIMS)
or with gas-p

5.188

ion-scatte
(ISS) instrun
ions and det
through a kn

NOTE Fo
range 0,1 keV

5.189

ion-scatte
(ISS) plot of
the incident-i

5.190

ion speciep

type and cha
EXAMPLES

NOTE If 8

o

that an ion exists in a particular electronic configuration, for example as a vacancy in.a‘part

ization

cular shell

Charge exchange process in which an ion loses its charge through interactions with a matetjial surface

hase atoms or molecules

ring spectrometer

ent capable of generating a primary beam of principally.monoenergetic, singly charged, |
brmining the energy distribution of the primary ions that\have been scattered from the so
pwn angle (1]

applications in surface chemical analysis, the primary ioris are commonly of rare gas atoms with ene

to 10 keV.

ring spectrum
the intensity of ions, scattered from a.sample, as a function of the ratio of the scattered-ion
pn energy

rge of ion
Ar*, O~ and H,*/

n isotope is use&d, it should be specified.

5.191
ion yield,
ratio of the

actional
umber of ions of a particular species sputtered from a sample to the total number of partig

bw energy
id surface

rgies in the

energy to

les of that

species sputtered-fromthatsampte

cf. fractional

5.192

sputtering yield

ion yield, negative
ratio of the total number of negative secondary ions sputtered from a sample to the total number of incident primary

particles

5.193

ion yield, positive
ratio of the total number of positive secondary ions sputtered from a sample to the total number of incident primary

particles

30
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, useful

(SIMS) ratio of the number of ions of a particular isotope detected to the total number of atoms of the same element
sputtered from the sample

5.195
jump rat

io

(EPMA, TXRF) ratio of the X-ray absorption coefficient at an energy just above an absorption edge to that at an
energy just below the edge

NOTE

and a well-giefimededge s ot atways observed at the threstota:

5.196

kinemat
(EIA, RBS
frame of rg

NOTE
denoting th
identified.

5.197

X-ray absorption spectra can have complex shapes for X-ray energies in the vicinity of photoionization thresholds,

c factor
, ISS) ratio of the projectile energy after an elastic collision to that before the collision in t
bference

e target atom either as, say, Kg; or K,g. The subscript for atomic mass is preferred since the isoto

kinetic energy

energy of

NOTE

If all local €
level may
similarly va
level is alw.
XPS are Fg
electron sp

motion

The energy of a charged particle due to motion is not necessarily constant but varies with the local elg
lectrodes are at ground potential, the kinetic energy of the*particle varies with the local vacuum leve
ary over a range of 1 eV in different regions of AEStand XPS instruments and measured electron
y. This variation is removed if the kinetic energies,afe referred to the Fermi level. In XPS, by conven
ys used but in AES both vacuum and Fermi level'referencing are practised. Instruments capable of
ermi level referenced. Fermi level referencingis’recommended for accurate measurements of energ
bctrometers, Fermi level referenced energjes-are typically 4,5 eV greater than those referenced to the

ne laboratory

The symbol K is often used for the kinematic factor and may have a subscript added in ISS or RBS measurements

pe is correctly

ctric potential.
. This vacuum
energies may
ion, the Fermi
both AES and
ies in AES. In
vacuum level.
rgies of Auger
vacuum level

mary particle

of the primary

It is converjient, in AES, to assume a standard vacuum level of 4,500 eV above the Fermi level so that the eng
electron pepks, referenced to the Fermi level, can-be converted in a consistent way to energies referenced to the
and vice versa.

5.198

knock-in

knock-on

recoil implantation

movement of constituent atoms of the sample deeper into the sample as a result of collisions with a pri
cf. atomic|mixing, gascade mixing, collision cascade

NOTE The-knock-in process refers only to the forward movement of the constituent atoms (in the direction
bombardme¢nt) whereas cascade mixing refers, in addition, to the backward movement of these atoms.

5.199

Koopmans energy
calculated energy of an electron in an orbital, on the assumption that its removal to infinity is unaccompanied by

electronic

5.200

relaxation [1]

line scan
plot of the output signal intensity from the spectrometer, the signal intensity from another detector, or processed
intensity information from the available software along a line corresponding to a line on the sample surface

NOTE
arbitrary dir

©1S0 2001 -

The line is most often an x or y-linescan from a rectangular raster but, in more sophisticated systems,
ection.
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5.201
lineshape

measured shape of a particular spectral feature

5.202
lineshape,
lineshape,

intrinsic
natural

(AES, UPS, XPS) lineshape of a spectral feature after removal of all instrumental contributions

NOTE 1

procedure for determination of the intrinsic lineshape may be complex and should therefore be clearly stated.

A background may or may not be removed from the lineshape of interest depending on the circumstances. The

NOTE 2 In
removed. See

NOTE 3 In
may be remoV

5.203
linewidth,
({instrument)

5.204
linewidth,
linewidth,
(AES, UPS,
the backgrou

NOTE TH
and broadenir]
spectrometer
5.205

map
image

two-dimensid
related to th
information fi

NOTE1l By
those where it

NOTE 2 M
imaging detec

AES, a background due to inelastic scattering, secondary electrons or backscattered electro
inelastic background, Sickafus background.

XPS, a background due to other photoemission processes and to inelastic scattering processes in
ed. See inelastic background.

intrinsic
see resolution

intrinsic

natural

KPS) full width at half maximum intensity of a spectral feature for a particular transition after
nd and all instrumental terms including the contributierof the exciting source

e measured linewidth is determined from the measured-lineshape which is a convolution of the intrins
g contributions of the sample and of the instrument-(for example, the linewidth of the X-ray source
energy resolution in both AES and XPS).

nal representation of the sample surface where the information at each point in the repreg
e output signal from the ‘spectrometer, the signal from another detector, or processe
om the available software

convention, map is.tsually applied to cases where the information is primarily composition-specific a
is primarily topographic.

ion system

NOTE 3

p intensities may be presented in a normalized fashion to have the maximum and minimum signal in

s may be

the sample

emoval of

c lineshape
n XPS and

entation is
[l intensity

nd image to

hps and images are usually formed either by using a rectangular raster of the primary beam or Iy using an

ensities set

M
at, for exampl<¥, full white and full black, respectively, or on a colour scale. The contrast scale should be defined.

5.206

map, elemental

map using si

5.207

gnals proportional to the quantity of an element present in the sample

map, chemical
map using signals proportional to the quantity of an element in a particular chemical state in the sample

5.208

mass analyser
device for dispersing and detecting particles as a function of their mass-to-charge quotient

32
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5.209
mass spectrum
plot of the measured patrticle signal as a function of mass-to-charge quotient

5.210

matrix effects

change in the intensities or spectral information per atom of the analyte arising from change in the chemical or
physical environment

NOTE Examples of these environments are: varying sample morphologies (e.g. thin films, clusters, fibres, nanostructures)
of different dimensions, the amorphous or crystalline state, changes of matrix species, and proximity of other physical phases or
chemical species

5.211
matrix factor
factor, ariging from the composition of the matrix, for multiplying the quotient of the measudred intepsity and the
appropriate sensitivity factor in equations to determine the composition using surface analytical techniques

NOTE In methods such as AES, the matrix factor is determined in part by the compositien of the sub-surfacge material and
in part by thje composition of the analysis volume in the sample.

5.212
mean free path, transport

%4

average distance that an energetic particle must travel before itssmomentum in its initial direction|of motion is
reduced tq 1/e of its initial value by elastic scattering alone

NOTE For a homogeneous and isotropic solid, in which onlysbinary elastic scattering occurs, the transport mean free
path is relajed to the transport cross-section, o, by

1
No

ltr =

where N is the volumic number of scattering centres)

5.213
modulatjon
(AES, diff¢rential spectrum) periedic-Wwaveform added to the spectrometer pass energy or applied to the sample in
order to generate a display of the-differential spectrum

NOTE The amplitude af the modulation should be given as eV peak-to-peak, thereby including any relevant geometrical
factor of the spectrometerirather than volts peak-to-peak. The frequency and waveform shape should also be givén.

5.214
monolayer
{chemisorption, physisorption, segregation) complete coverage of a substrate by one atomic or molecylar layer of a
species

NOTE The term monolayer commonly indicates that all elementary units of the adsorptive or segregated atoms or
molecules are in contact with the surface as opposed to those in multilayers.

5.215

monolayer capacity

{chemisorption) amount of adsorbate which is needed to occupy all adsorption sites as determined by the structure
of the adsorbent and by the chemical nature of the adsorptive [

5.216

monolayer capacity

{physisorption) amount of adsorbate which is needed to cover the surface with a complete monolayer of atoms or
molecules in a close-packed array [°]
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NOTE

5.217
multilayer

The type of close packing needs to be stated.

structure composed of two or more chemically distinct layers

cf. delta laye

NOTE

r

thicknesses are in the range 1 nm to 100 nm.

5.218

This term is often applied to solid samples in which the layers are very uniform in thickness and for which the layer

multilayer

{chemisorptipn, physisorption) coverage of a substrate surface by more than one atomic or molecular layer of the

adsorptive off
cf. monolaye

5.219

segregated species

=

multiplet splitting

(AES) splittin]
vacancies cr

5.220
multiplet
exchange
(XPS) splittin
with other un

5.221
noise
time-varying
signal intens

NOTE 1 Al
estimates, sudg

NOTE 2 TH
electrical inter

5.222

g of an Auger electron line into two or more components, caused=by the interactions of
pated by the Auger process

plitting

plitting
g of a photoelectron line caused by the interaction-of:the unpaired electron created by pho
paired electrons in the atom []

disturbances superimposed on the analytical signal with fluctuations leading to uncerta
ty

accurate measure of noise can he determined from the standard deviation of the fluctuations. Vis
h as peak-to-peak noise in a spectrum, may be useful as semi-quantitative measures of noise.

e fluctuations in the measured intensity can arise from a number of causes, such as statistical
erence.

noise, statistical

noise in the

NOTE Fd
measurement:

spectrum duéesolely to the statistics of randomly detected single events

r single=particle counting systems exhibiting Poisson statistics, the standard deviation of a large
of’an otherwise steady count rate, N, each in the same time interval, is equal to the square root of N.

he atomic

oemission

nty in the

lal or other

noise and

number of

5.223

optical aperture

optical gate (deprecated)
system consisting of a combination of a photon or particle lens and an aperture in an optical or particle
spectrometer to limit the field of view for signal detection

5.224

orbital energy
(XPS) Koopmans energy corrected for intra-atomic relaxation [1]
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5.225

overpotential

U

(AES) ratio of the electron beam energy to the binding energy of a particular shell or sub-shell of an atom

NOTE Overpotential values are typically in the range 2 to 200.

5.226

pass energy

(AES, ISS, XPS) mean kinetic energy of the detected particles in the energy dispersive portion of the energy
analyser

5.227
peak area
area undef a peak in a spectrum after background removal

cf. inelastic electron scattering background subtraction, signal intensity

NOTE The peak area may be expressed in counts, counts per second, counts eV, counts eV per second, cpunts per amu
or other units.

5.228
peak energy
(AES, EELS, ISS, UPS, XPS) energy value corresponding to the intensity maximum in a direct spectfum or to the
intensity minimum (i.e. the negative excursion) for a differential spectrum

NOTE 1 |The energy value may relate to the peak envelope for a . grotip of overlapping peaks or to the positiong of constituent
peaks obtained by peak synthesis.

NOTE 2 For the differential spectrum in AES, the modulation or differentiating amplitude should be given.

NOTE 3 |The peak energies for the differential spectrum in AES are higher in kinetic energy than those|for the direct
spectrum.

5.229
peak fitting
a procedufe whereby a spectrum, generated by peak synthesis, is adjusted to match a measured spgctrum

NOTE 1 |A least-squares optimization procedure is generally used in a computer programme for this purpose.

NOTE 2 |The selected peak,shape and the background shape should be defined. Any constraints imposed on fhe adjustment
process should also be defined.

5.230
peak synthesis

curve resdlvirg. (deprecated)
procedure|whereby a synthetic spectrum is generated using either model or experimental peak shapeg in which the
number of peaks, the peak shapes, peak widths, peak positions, peak intensities and the background shape and
intensity are adjusted for peak fitting

cf. peak fitting

NOTE The selected peak shape and the background shape should be defined.

5.231

peak-to-background ratio

signal-to-background ratio

ratio of the maximum height of the peak above the background intensity to the magnitude of that background
intensity
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NOTE 1

background ratio is the more commonly used term for types of electron spectroscopy such as AES and XPS

NOTE 2
determined at

5.232

a kinetic energy just above the peak of interest.

peak width

line width

width of a peak at a defined fraction of the peak height

Signal-to-background ratio is the more commonly used term for GDS where it is abbreviated SBR. Peak-to-

The method of estimating the background intensity needs to be given. For AES, the background intensity is often

cf. intrinsic ljnewidth

NOTE 1  Any background subtraction method used should be specified.

NOTE 2  THe most common measure of peak width is the full width of the peak at half maximum (FWHM),intensity.

NOTE 3  Fqr asymmetrical peaks, convenient measures of peak width are the half widths of each side of the peak at half
maximum intepsity.

5.233

photoelectric effect

interaction of
more photoe

5.234

photoelect
photoelectro
associated w

EXAMPLES
5.235
photoelect

removal of p

NOTE Fd
subtraction me

5.236

a photon with bound electrons in atoms, molecules, and solidsyresulting in the production
ectrons

'ron X-ray satellite peaks
 peaks in a spectrum resulting from photoemission induced by characteristic minor
ith the X-ray spectrum of the anode material [1]

Minor X-ray lines are Ko, Ko 4, Koig g and K.
iron X-ray satellite subtraction
hotoelectron X-ray satellite peaks frem a spectrum [

r unmonochromated Al and Mg)X-rays, the satellites usually removed are Koy 4 and Koy g. More s
thods also remove the Ko, (Ke'"and Kp satellites.

photoemission

emission of 4

5.237
pileup
(EIA, RBS) ¢
time that the

lectrons from,dtoms or molecules caused by the photoelectric effect [1]

punts in'a backscattering spectrum arising from two or more separate events that occur sqg
signals are not resolved by the detection system and cause counts to be recorded in

of one or

-ray lines

bphisticated

closely in
erroneous

channels

cf. dead time

5.238
plasmon

(AES, EELS, XPS) excitation of valence band electrons in a solid in which collective oscillations are generated

cf. character

NOTE 1

istic electron energy losses

Plasmon excitations are often observed as characteristic energy loss peaks associated with other peaks in the

spectrum such as those of any elastically scattered primary electrons, photoelectron peaks, Auger electron peaks and ionization

edges.
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NOTE 2  Plasmons are prominent in some materials and not others.

NOTE 3  Two types of plasmon are commonly observed; bulk plasmons associated with material remote from the surface
and surface plasmons associated with material at the surface. Occasionally interface plasmons may be observed that are
associated with interfaces. Bulk plasmon energies depend on the electronic structure of the material, and are roughly
proportional to the valence-band density. Surface plasmon energies are typically between 50 % and 90 % of bulk plasmon
energies.

5.239
polyatomic ion
charged multi-atom species

NOTE Dimer and trimer ions are specific examples of polyatomic ions containing two and three atoms, respegtively.

5.240
primary electron
electron extracted from a source and directed to a sample

cf. secondary electron

5.241
primary jon
ion extracted from a source and directed to a sample

cf. probe ipn, secondary ion

5.242
probe ioh
ionic specjes intentionally produced by an ion source and«directed onto the sample surface at a kngwn angle of
incidenceg and a known energy

5.243
profile, Iateral
chemical ¢r elemental composition, signal intensity, or processed intensity information from the availgble software,
measured|in a specified direction parallel to the surface

cf. line scan

5.244
profile, depth
profile, Zertical
chemical ¢r elemental eomposition, signal intensity, or processed intensity information from the available software
measured|in a direction-hormal to the surface

cf. compogitionalhdepth profile

5.245
projected range

(EIA, RBS, SIMS) distance from the surface at which an energetic ion or atom comes to rest in the sample,
projected along the direction of the beam

cf. range straggling

NOTE Calculations usually deal with the mean or average projected range for a large number of ions or atoms of the same
species and same energy.

5.246

quantitative analysis
determination of the amounts of detected analytes in a sample
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NOTE 1

NOTE 2
unit volume, n

NOTE 3
interpretation.

5.247

2001(E)

The analyte may be elemental or compound in nature.

umber (of atoms) per unit area, number (of atoms) per unit volume, as appropriate or as desired.

Details of that model need to be stated.

radial sectioning
sample preparation in which a sample is polished by a cylinder in order to expose compositional changes below the
original sample surface with the intent that the depth of these layers can be related to the position on t

The amount may be expressed, for example, as atomic or mass percent, atomic or mass fraction, mole or mass per

The sample material may be inhomogeneous so that a particular model structure may be assumed in the

he surface

created by th

cf. angle lap

5.248

e cylinder

hing, ball cratering

radiation-enhanced diffusion

radiation-i

atom movemn

damage or b

5.249
range stra

(EIA, RBS, S

cf. transvers

5.250
raster

two-dimensid

NOTE C

5.251
relative re

{energy, mas

energy, mas
cf. resolving
NOTE 1

NOTE2 It

resolution of al

NOTE 3 In
width, usually

NOTE 4

TH

hduced diffusion

pmbardment-induced defects [1]

e straggling

nal pattern generated by the deflection of asprimary beam

mmonly used rasters cover square or rectangular areas.

solution of a spectrometer
5 or wavelength
power of a spectrometer

e relative resolution of a spectrometer is the reciprocal of the resolving power of a spectrometer.

massispectrometer, or the wavelength-relative resolution of an optical spectrometer.

practice, the spectrometer-relative resolution can be deduced using a source with an emission lin|

ent in the solid, well beyond the typical penetration depth of an incident-particle, due to par

IMS) standard deviation of the projected ranges of energetic ions or atoms of a given energy

s or optical) ratio of the resolution of a spectrometer at a given energy, mass or wavelen

may be ‘convenient to specify the energy-relative resolution of an electron spectrometer, the m

ticle beam

gth to that

ass-relative

e of known

chosen to be as narrow as possible.

Designs of spectrometer generally maintain the resolution either to be constant throughout the spectrum or to be

proportional to the energy, mass or wavelength being scanned. For the former, the term resolution is useful whereas for the

latter the relati
NOTE 5

5.252
relaxation

ve resolution or resolving power is more useful.

The relative resolution is often expressed as a percentage.

energy

(XPS) energy associated with intra-atomic or extra-atomic electronic readjustment to the removal of an atomic
electron, so as to minimize the energy of the final state of the system [l
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5.253

relaxation energy, extra-atomic

screening energy

diminished energy of an ionized atom in a solid due to Coulombic attraction of electrons in the immediate
environment

5.254
resolution, energy
full width at half maximum (FWHM) intensity of the measured energy distribution for monoenergetic particles

5.255

resolutirIn,—lateral
distance measured either in the plane of the sample surface or in a plane at right angles to the axis.pf the image-
forming ogtics over which changes in composition can be separately established with confidence

NOTE 1 |The choice of plane should be stated.

NOTE 2 [In practice, the lateral resolution may be realized as either (i) the FWHM of the intensity distributign from a very
small emitting point on the sample or (ii) the distance between the 12 % and 88 % intensity points in a line scan gcross a part of
the sample|containing a well-defined step function for the signal relating to the property being resolved. These {fwo values are
equivalent for a Gaussian intensity distribution. For other distributions, other parameters.may be more appropfiately chosen.
Often, for g step function, the distance between the 20 % and 80 % intensity points orthe 16 % and 84 % intensify points in the
line scan afe used. The latter pair give the two sigma width for a Gaussian resolution function.

5.256
resolution of a spectrometer
{energy, mass or optical) contribution of the spectrometer to the measured full width at half maxinjum (FWHM)
intensities|of spectral peaks above their local backgrounds

cf. relativg resolution of a spectrometer, resolving power of a spectrometer

NOTE 1 [It may be convenient to specify the energy resolution of an electron spectrometer, the mass resolufion of a mass
spectrometgr, or the wavelength resolution of an optical'spectrometer.

NOTE 2 |[In practice, the spectrometer resolutien can be deduced using a source with an emission line ofl known width,
usually chopen to be as narrow as possible.

NOTE 3 |Designs of spectrometer géngrally maintain the resolution either to be constant throughout the speftrum or to be
proportiona] to the energy, mass or wavelength being scanned. For the former, the resolution is a useful term whereas, for the
latter, the r¢lative resolution and resolving power are more useful.

5.257
resolution, system
(EIA, RBS) energy erdepth resolution measured in the backscattering spectrum for a monoenergeti¢ incident-ion
beam

5.258
resolvingpowerof-a—spectrometer
(energy, mass or optical) ratio of the energy, mass or wavelength to the resolution of the spectrometer at that
energy, mass or wavelength

cf. relative resolution of a spectrometer
NOTE 1 The resolving power of a spectrometer is the reciprocal of the relative resolution of a spectrometer.

NOTE 2 It may be convenient to specify the energy-resolving power of an electron spectrometer, the mass-resolving power
of a mass spectrometer, or the wavelength-resolving power of an optical spectrometer.

NOTE 3 In practice, the spectrometer-resolving power can be deduced using a source with an emission line of known width,
usually chosen to be as narrow as possible.
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2001(E)

Designs of spectrometer generally maintain the resolution either to be constant throughout the spectrum or to be

proportional to the energy, mass or wavelength being scanned. For the former, the resolution is a useful term whereas, for the
latter, the relative resolution and resolving power are more useful.

5.259
resonance

reaction

(EIA) nuclear reaction that has a narrow peak in the nuclear reaction cross-section as a function of energy,
which is so much larger than the nuclear reaction cross-sections at adjacent energies both above and below the
peak that essentially all the particles detected from the reaction are due to the peak [1]

5.260
sample charging
change in the electrical potential in the sample or on the sample surface caused by particle for photon
bombardment
5.261
scattered-jon energy
(ISS) kineticlenergy of the primary ion after a collision
NOTE Fqllowing binary elastic scattering, the kinetic energy of the primary or probe ign;)E, is given by:
i 2 2 .2 y2 2
Es = Eg[Mo /(Mg +My)] cos¢9+[(M1M0) —sin 9]
where
E, s the kinetic energy of the scattered probe ion;
E, is the energy of the incident probe ion prior to scattering,
M, is the mass of the probe ion;
M, is the mass of the target atom;
6 is the angle between the initial and finakvelocity vectors for the probe ion, as determined from a common prigin in the
labdratory coordinate system, expressed as a value between 0° and 180°.
5.262
scattered-jon energy ratio
(ISS) ratio of|the scattered-ion‘emergy to the energy of the incident probe ion prior to a collision
5.263
scattered-jon intenhsity, experimental
(ISS) measufed response of the energy filtering and detection system as a consequence of bombarding the sample
material withlan‘ien beam, usually presented as the ordinate of an ion-scattering spectrum
5.264
scattered-ion intensity, theoretical
(ISS) calculated intensity for the probe ions scattered into a specified solid angle at a given direction
NOTE For binary elastic scattering, the scattered-ion intensity is defined by

1i(6)=1

where
1(0)

lo

40

oNi P (do;/d@2)oAQT

is the scattered-ion intensity from atoms of species, i, at a given angle of scattering, 6, in ions-s™1;

is the intensity of incident probe ions, in ions-s™1;
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is the number of scattering centres of species i per unit area of surface accessible to the incident beam, in

atoms-m2;
is the probability that the probe ion remains ionized after interacting with an atom of species i;

is the geometric or shadowing factor for species i in the given environment and geometry;

(do; 1d2)6 is the differential elastic scattering cross-section, for species i, taken at the angle for whic
measured; that is, the angular distribution of scattered-ion intensity per unit flux of incident ions, per atom of

AQ2

species i, metre2-atom~1.steradian™1;

is the solid angle of acceptance determined by the entrance of the filtering and detection system,

h scattering is

steradians;

T

5.265

is the fractional transmission of the analysing and detection system.

secondary electron

electron, ¢
photon, io

NOTE
Calculation
contain mo

enerally of low energy, leaving a surface as a result of an excitation induced by an incig
N or neutral particle

By convention, electrons with energies <50 eV are considered as secondary. electrons unless other
5 of the energy distribution of the electrons emitted from a surface show-that 50 eV is a useful cu
5t of the electrons. The cut-off is artificial and secondary electrons with- energies greater than 50 e\

This convention is not usually observed for GDS.

5.266
second
second
1)

(AES, EPI
number of

5.267

second
second
(GDS, SIN
upon the s

NOTE

5.268

ry-electron yield
ry-electron emission coefficient

|A) ratio of the total number of electrons emitted;from a sample with energies less than 50 €

electrons incident at a given energy and angle'of incidence

ry-electron yield
ry-electron emission coefficient

ent electron,

vise specified.
-off energy to
usually exist.

V to the total

|S) ratio of the total number ofieléctrons emitted from a sample to the total number of partcles incident

ample surface

Secondary-electron yield is sometimes given for a particular type of energetic incident particle such as

secondary-electron.yield, total

c
(AES, EPI
at a given

cf. backsg

Art.

1A) ratig©f)the total number of electrons emitted from a sample to the total number of elecfrons incident

energy-and angle of incidence

attering yield, secondary-electron yield

o=0+1

NOTE

5.269

The total secondary-electron yield is often simply called the secondary-electron yield. This leads to confusion with
the term of that name which is restricted to secondary electrons with energies < 50 eV.

secondary ion
ion ejected from a sample surface as a result of energy and momentum transfer from a primary ion

5.270

secondary-ion angular distribution

number of

secondary ions as a function of angle of emission
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secondary-ion energy distribution
number of secondary ions as a function of their kinetic energy at a specified collection angle

5.272

secondary-ion yield
ratio of the total number of ions sputtered from a sample to the total number of ions incident with a given mass,
energy, charge and angle of incidence

5.273

segregation

partitioning of-e—speciesfrofmonetegiontoanotheras-aresuitofkinetie-or-thermodynamieeffects
NOTE Segregation is often observed at surfaces and interfaces.

5.274

selected area aperture

(XPS, SIMS) aperture in the electron or ion optical system restricting the detected sighat'to a small 4
sample surface

cf. optical agerture

5.275

sensitivity|factor, absolute elemental

coefficient fd

cf. sensitivit
NOTE 1 Th

NOTE2  THh

the type of sample analysed, for example, of homogeneous samples or segregated layers.

NOTE 3 Th
have been usq

NOTE 4 Seé
sample to the
dominating inf

5.276
sensitivity]|
(AES, XPS,
proportionalif

NOTE1 El

factor, relative elemental
e choice of use of atomic concentration or atomic-fraction should be made clear.

e type of sensitivity factor used should be appropriate for the equations used in the quantification prod

e source of the sensitivity factors, should be given in order that the correct matrix factors or other
d.

nsitivity factors depend on“parameters of the excitation source, the spectrometer and the orient
be parts of the instrument. )Sensitivity factors also depend on the matrix being analysed, and in SIMS
uence.

factor, relative elemental
TXRF) ebefficient proportional to the absolute elemental sensitivity factor, where the g
y is chosen such that the value for a selected element and transition is unity

rea of the

r an element with which the measured intensity for, that element is divided to yield the atomic
concentratiof or atomic fraction of the element present in the sample

ess and for

parameters

htion of the
this has a

onstant of

brments and transitions commonly used are C 1s or F 1s for XPS and Ag M, -V for AES.

NOTE 2

segregated layers.

NOTE 3

have been used.

NOTE 4

The type of sensitivity factor used should be appropriate for the analysis, for example, of homogeneous samples or

The source of the sensitivity factors should be given in order that the correct matrix factors or other parameters

Sensitivity factors depend on parameters of the excitation source, the spectrometer and the orientation of the

sample to these parts of the instrument. Sensitivity factors also depend on the matrix being analysed and in SIMS this has a
dominating influence.
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5.277

sensitivity factor, relative elemental

{(dynamic SIMS) coefficient for an element with which the measured intensity for a mass peak of that element,
divided by the measured intensity for a mass peak of the matrix is multiplied to yield the atomic concentration of the
element present in the sample

NOTE 1 The elemental relative sensitivity factor may be obtained by dividing the isotopic relative sensitivity factor by the
isotope abundance of the detected isotope ion.

NOTE 2  Matrix terms are strong and the matrix, bombarding species, incident-ion energy and angle of incidence as well as
the spectrometer operating conditions all affect the relative elemental sensitivity factors significantly.

5.278
sensitivity factor, relative isotopic
(dynamic $IMS) coefficient for an element with which the measured intensity for an isotope of that/element, divided by
the measyred intensity for a matrix ion is multiplied to yield the atomic concentration of that ‘isotope of the element
present in the sample

NOTE Matrix terms are strong and the matrix, bombarding species, incident-ion energyand angle of incidepce as well as
the spectrometer operating conditions all affect the relative elemental sensitivity factors significantly.

5.279
shakeoft
(AES, XPE) multi-electron process in which two or more electrons<are” emitted, partitioning betwegen them the
excess kinetic energy

cf. shakeup

NOTE Shakeup leads to peak structure at kinetic energjes.’below that of a parent peak whereas shakdoff leads to a
continuum background intensity also at kinetic energies belowthat of the parent peak in the electron spectrum.

5.280
shakeup
(AES, XP$) multi-electron process in which @natom is left in an excited state following a photoionizalion or Auger
electron pfocess, so that the outgoing electron has a characteristic kinetic energy slightly less thgn that of the
parent phgtoelectron

cf. shakedff

NOTE Shakeup peaks are-usually observed within 10 eV of the parent peak, however, for gases where the |background is
low, shakeyp peaks have been identified at kinetic energies in the range up to 100 eV less than the parent peak.

5.281
signal-tg-noise ratio
ratio of thg signakintensity to a measure of the total noise in determining that signal

cf. statistical-noise

NOTE The noise in AES is often measured at a convenient region of the spectral background close to the peak.
5.282
smoothing

mathematical treatment of data to reduce the apparent noise

5.283

spectrometer dispersion

analyser dispersion

{energy or mass) quotient of the change in position (Ax) of the dispersed particles at the exit of an analyser or a
spectrometer by the fractional change in particle energy (AE/E), or mass (Am/m)
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5.284

spectrometer dispersion
analyser dispersion

(optical) quotient of the change in position, Ax, of the radiation at the exit of the spectrometer by the change in
wavelength, A4

5.285

spectrometer étendue
integral of the product of the spectrometer transmission and an element of area of a plane surface, normal to the
analyser axis passing through the centre of the analysis area, over that surface

NOTE T
5.286
spectrom

quotient of t
and per inter

cf. spectron

NOTE 1 TH
NOTE 2 TH
NOTE 3 Th
efficiencies of
equipment.

NOTE 4 Fd

use relative {
function wherd

5.287

€ UNItS of etendue may De Srm2-ev, srme-amu or SFme.

ter response function

e number of particles detected with a spectrometer by the number of such patrticles per 3
val of the dispersing parameter available for measurement as a function of thexdispersing pa
eter transmission function, spectrometer étendue

e dispersing parameter is commonly energy, mass or wavelength.

e units of transmission may be sr-eV, sr-amu or sr-m.

e spectrometer response function is similar to the spectrometer-transmission function or étendue but
all other components of the measurement chain such as detectors and the electronic processing an

olid angle
fameter

hcludes the
d recording

r some methods of quantitative analysis, the energy-dependence of the response function is needed in order to

ensitivity factors. For these cases, a function_is.determined which is proportional to the absolut
the proportionality constant is not necessarily important.

spectrometer transmission function

analyser ti
quotient of th
per interval g
of the disper

cf. spectrom
NOTE 1 TH

NOTE 2 Of
fraction of the

ansmission function

e number of particles transmitted by the analyser by the number of such particles per solid
f the dispersing parameter (elg. energy, mass or wavelength) available for measurement as
bing parameter

eter response function
e units of transmisSion may be sr-eV, sr-amu or sr-m.

ten an incomplete use of the term occurs where just the solid angle of acceptance of the spectrometg
P1 solid.angle of available space is given. This usage is deprecated, cf. angle, solid of analyser.

NOTE3  THh

e response

angle and
a function

r,in srora

isierm is often used incorrectly instead of spectrometer response function which includes contributio)

hs from the

detector and s

5.288
spectrum,

ignal processing system.

aligned incidence

(EIA, ISS) backscattering spectrum recorded with the analysing beam aligned with crystallographic axes or

planes of the

5.289
spectrum,

sample that produce channelling [1]

random incidence

(EIA, ISS) backscattering spectrum recorded with the analysing beam incident on the sample in a direction such
as to produce no channelling [1]

44

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=ce5d824a499b19709f087d5a1529b440

ISO 18115:2001(E)

5.290
spin orbit splitting
splitting of p, d or f levels in an atom arising from coupling of the spin and orbital angular momentum

5.291

sputter depth profile

SDP

compositional depth profile obtained when the surface composition is measured as material is removed by
sputtering

NOTE In some analytical methods such as SIMS, the sputtering is often accomplished by the ion beam used for analysis,
but in otherdmnethods-an-icn-beam Ay need-to-be-added-

5.292
sputtering
process inlwhich atoms and ions are ejected from the sample as a result of particle bombardment

5.293
sputtering, equilibrium surface composition
steady-state surface composition produced by sputtering a homogeneous sample-under non-varying gonditions

5.294
sputtering, preferential
change infthe equilibrium surface composition of the sample which{may occur when sputtering mylticomponent
samples

5.295
sputtering rate
guotient of the amount of sample material removed, as a result of particle bombardment, by time

cf. erosion rate

NOTE The rate may be measured as a velocity,‘@mass per unit area per unit time, or some other measure pf quantity per
unit time.

5.296
sputtering yield
ratio of thg number of atoms and ions’sputtered from a sample to the total number of incident primary particles

5.297
sputtering yield, fractional
sputtering yield, partial

ratio of thg number of\atoms and ions of a particular species sputtered from a sample to the total number of atoms
and ions sputtered\from the sample

cf. fractiopaliion'yield

5.298
stopping cross-section, electronic
(EIA, RBS) stopping cross-section arising from energy transfer to the electrons of the sample

NOTE The total stopping cross-section is the sum of the electronic and nuclear stopping cross-sections.

5.299

stopping cross-section factor

(EIA, RBS) quatient of the total energy loss of a particle scattered at a given depth in the sample, and detected at a
given angle, by the product of the atomic density of the sample atoms and the depth of scattering
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