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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
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Introduction

-1:2010(E)

Surface chemical analysis is an important area which involves interactions between people with different
backgrounds and from different fields. Those conducting surface chemical analysis might be materials
scientists, chemists or physicists and might have a background that is primarily experimental or primarily
theoretical. Those making use of the surface chemical data extend beyond this group into other disciplines.

Witilu the present techniques of surface chemical analysis, compositional information is obtained
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e to a surface (generally within 20 nm) and composition-versus-depth information is obtained

ytical techniques as surface layers are removed. The surface analytical terms covered in

18115 extend from the techniques of electron spectroscopy and mass spectrometry
Ctrometry and X-ray analysis. The terms covered in Part 2 relate to scanning-probe-microscop
hese techniques derive from disciplines as widely ranging as nuclear physics*and radiation
sical chemistry and optics.

wide range of disciplines and the individualities of national usages have led to different mea
buted to particular terms and, again, different terms being used to-describe the same conce
consequent misunderstandings and to facilitate the exchange of information, it is essential t
Cepts, to establish the correct terms for use and to establish their definitions.

terms and definitions in the two parts of 1ISO 18115 ‘have been prepared in conforman
Ciples and style defined in 1SO 1087-1:2000, Terminology work — Vocabulary — Part 1:
ication, and 1SO 10241:1992, International terminelegy standards — Preparation and layod

sified under three headings:

Clause 4: Definitions of the surface analysis methods.
Clause 5: Definitions of terms forsurface analysis.
Clause 6: Definitions of terims for multivariate analysis.

itional terms, important far surface analysis, are given in an extract from IEC 60050-111 in Ann

ngle alphabetical index to this part of ISO 18115 is given after the Bibliography. To help user
X is provided for‘the terms in Part 2 covering scanning-probe microscopy. To assist retrieval

ternps can be foundiin the indexes in both natural and reverse word order.
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part of 4SO 18115 contains new terms in addition to those previously published in 1SO 1
[ace _“chemical analysis—  Vocabulary, 1SO 18115:2001/Amd.1 and those s¢
181415:2001/Amd.2 that did not involve scanning-probe microscopy. Those

18115:2001/Amd.2 that did involve scanning-probe microscopy now appear in ISO 18115-2.
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Surface chemical analysis — Vocabulary —

Part 1:
General terms and terms used in spectroscopy

bse used in

1 |Scope

ISO[ 18115 defines terms for surface chemical analysis. This part covers generalnterms and th
spegtroscopy while Part 2 covers terms used in scanning-probe microscopy.
2 |Abbreviations

AES{ Auger electron spectroscopy

AMIRSF average matrix relative sensitivity factor

ARAES angle-resolved Auger electron spectroscopy
AREPES angle-resolved elastic peak electrofi’spectroscopy
ARXPS angle-resolved X-ray photoeléctron spectroscopy
CcDp compositional depth profile

CRM certified reference.material

DA/PDFA discriminant analysis/discriminant function analysis
dc direct current

DES$I desorption electrospray ionization

eV electron volts

EEUS electron energy loss spectroscopy

EIA energetic-ion analysis

EPES elastic peak electron spectroscopy

EPMA electron probe microanalysis

ESCA electron spectroscopy for chemical analysis
FABMS fast atom bombardment mass spectrometry

FIB focussed ion beam system

© 1SO 2010 — All rights reserved
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FWHM

GDMS

GDOES

GDS

HSA

IBA

full width at half maximum

glow discharge mass spectrometry

glow discharge optical emission spectrometry
glow discharge spectrometry

hemispherical sector analyser

ion beam analysis

ISS

LB
LEIS(S)
LMIG
LMIS
MAF analys
MALDI
MCR
MEIS(S)
MVA
PCA
PERSF
PLS
RBS
REELS
RISR

rf

RM

S

ion-scattering spectrometry
Langmuir-Blodgett

low-energy ion scattering spectrometry
liquid-metal ion gun

liquid-metal ion source

maximum autocorrelation factor analysis
matrix-assisted laser desorption/ionization mass spectremetry
multivariate curve resolution

medium-energy ion scattering spectrometry.
multivariate analysis

principal-component analysis

pure-element relative sensitivity factor

partial least squares

Rutherford backscattering spectrometry
reflection electron energy loss spectroscopy
relative, instrument spectral response function
radio-frequency

rafaran. matarial
rorereroeTrrateitar

RSF

SAM

SAXS

SDP

SEM

SEP

relative sensitivity factor
self-assembled monolayer
small-angle X-ray scattering
sputter depth profile

scanning electron microscope

surface excitation parameter

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=2caa0e276937de33dce349961224fd73

ISO 18115-1:2010(E)

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

TOF or ToF  time of flight

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 tdrm printed boldface in a definition or a note is defined in another entrysir‘this part of ISO 18115. However,
the ferm is printed boldface only the first time it occurs in each entry.

3.2| Non-preferred and deprecated terms

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

3.3| Subject fields

Where a term designates several concepts, it is-snecessary to indicate the subject field to which egach concept
belgngs. The field is shown lightface, between(@ngle brackets, preceding the definition, on the samie line.

4 |[Definitions of the surface analysis methods

Auger electron spectroscopy

a method in which an_electron spectrometer is used to measure the energy distribution of Augefr electrons
emifted from a surface

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

4.2

desorption electrospray ionization

DESI

a method in which a mass spectrometer is used to measure the mass-to-charge quotient and abundance of
ionized entities emitted from a sample in air as a result of the bombardment by ionized solvent droplets
generated by pneumatically assisted electrospray ionization

NOTE 1 Water and methanol are often used as the solvents to create the droplets. Acids and alkalis are added to
control the solution pH.

NOTE 2 DESI is one of the few surface analysis methods designed to analyse materials without exposure to vacuum. It
is used for complex molecules, organic molecules and biomolecules. In vivo analysis is claimed to be possible.

© 1SO 2010 — All rights reserved 3
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4.3

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
NOTE 2

4.4
elastic pea

Dynamic SIMS is often simply termed SIMS.

The ion areic dose during measurement is usually more than 106 ions/m?2.

k electron spectroscopy

EPES
a method
broadening

n which an electron spectrometer is used to measure the energy, intensity and/omen
distribution of quasi-elastically scattered electrons from a solid or liquid surface

cf. recoil effect, reflected electron energy loss spectroscopy, REELS

NOTE1 A

NOTE 2
information.

NOTE3 §
surface laye]
differential ¢

4.5

n electron beam in the energy range 100 eV to 3 keV is often used for this kind of spettroscopy.
n general, electron sources with energy spreads that are less than 1 eV are_required to provide adeq
EPES is often an auxiliary method of AES and REELS, providing information on the composition o

. EPES is suitable for the experimental determination of the in€lastic mean free path, the ele
blastic scattering cross section and the surface excitation parameter.

electron spéctroscopy for chemical analysis (deprecated)

ESCA (dep
a method e

NOTE 1
defined by th

4.6

fast atom K
FABMS
FAB (depre

recated)
hncompassing both AES and XPS

'he term ESCA has fallen out of use as, in_practice, it was only used to describe situations more cl
e term X-ray photoelectron spectroscopy (XPS): Since 1980, the latter term has been preferred.

ombardment mass spectrometry

cated)

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

secondary

4.7
G-SIMS
variant of s
different be
one of the g

NOTE1 A

ions emitted from a.sample as a result of the bombardment by fast neutral atoms

atic SIMS._io*which the intensities for each mass in two spectra from the same area, recorded
Bm enerdies or different bombarding ions, are ratioed to each other and the result is used to s
pectra,to generate a new spectrum

s with static SIMS, the ion areic dose during measurement is restricted to less than 106 ions/m? t

ergy

uate

the
ttron

parly

e of

with
cale

D an

extent that depends on both the material of the sample and the size of the molecular fragments being analysed.

NOTE 2
than in static

NOTE 3

4.8
glow disch
GDMS

SIMS.

The “G” in G-SIMS originally indicated the gentleness of the process generated.

arge mass spectrometry

The G-SIMS spectrum enables the mass of whole molecules on the surface to be determined more readily

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

ions from a

glow discharge generated at a surface
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4.9

glow discharge optical emission spectrometry

GDOES

a method in which an optical emission spectrometer is used to measure the wavelength and intensity of light
emitted from a glow discharge generated at a surface

410

glow discharge spectrometry

GDS

a method in which a spectrometer is used to measure relevant intensities emitted from a glow discharge
generated at a surface

NOTE This is a general term that encompasses GDOES and GDMS.

ion[beam analysis

a method, designed to elucidate composition and structure of the near-surface ‘atomic layerg of a solid
rial, in which principally monoenergetic, singly charged probe ions scattered from the gurface are

NOTE LEIS(S), MEIS(S) and RBS are all forms of IBA in which the probe.ion energies are typically in the ranges
0,1 keV to 10 keV, 100 keV to 200 keV and 1 MeV to 2 MeV, respectively. These classifications represent thfee ranges in

ethod, designed to elucidate composition and structure of the very outermost atomic layers of a solid
rial, in which principally monoenergetic, singly* charged probe ions scattered from the surface are

NOTE 1 LEIS(S) is a form of IBA in whichthe probe ions, typically He or Ne, have energies in the range 0,1 keV to

a miethod, designed to eldcidate composition and structure of the outermost atomic layers of a sojid material,
hich principallyymonoenergetic, singly charged probe ions scattered from the surface are detected and
recgrded as a fungtion of their energy or angle of scattering, or both

NOTE 1 MEIS is a form of IBA in which the probe ions, typically protons, have energies in the rang¢ 100 keV to
200 keV.

NOTE 2 By using channelling and aligning the incident-ion beam along a crystal axis, the scatterjng from the
substrate may be suppressed so that enhanced signal quality and visibility are obtained for amorphous overlayers. By
further aligning the detector along a second crystal axis, the double-alignment mode, the scattering from the substrate
may be further suppressed, improving the signal quality and visibility for amorphous overlayers to a high level.

NOTE 3 In some cases, an angle-sensitive detector is used that allows extensive structure and depth profile
information to be obtained.

NOTE 4  The acronym usually has only one “S”.

© 1SO 2010 — All rights reserved 5
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414

matrix-assisted laser desorption/ionization mass spectrometry

MALDI

a method in which a time-of-flight mass spectrometer is used to measure the mass-to-charge ratio and
abundance of ions emitted, as a result of a short pulse of laser illumination, from a sample whose analyte is
contained in an ion-assisting matrix

NOTE 1 The matrix used for assisting the ion emission needs a strong absorbance at the laser wavelength and a low
enough mass to be sublimable. Examples of matrices for 337 nm wavelength laser light are 2,5-dihydroxybenzoic acid
(DHB), 3,5-dimethoxy-4-hydroxycinnamic acid (sinapinic acid) and a-cyano-4-hydroxycinnamic acid (CHCA).

NOTE 2
masses of oyer 3 000 kDa.

415
Rutherford backscattering spectrometry
RBS
a method, fesigned to elucidate composition and structure of layers at the surface of a.solid materidl, in
which prindipally monoenergetic, singly charged probe ions scattered from the surfaee’with a Rutherford
cross sectjon are detected and recorded as a function of their energy or angle of s¢attering, or both

NOTE 1 RBS is a form of IBA in which the probe ions, typically He but sometimes H, have energies in the range 1 MeV
to 2 MeV. In|its traditional form, a solid-state energy-dispersive detector is used. In-the-form of high-resolution RBS} the
energy can He reduced to 300 keV and a high-resolution (ion optical) spectrometercan be used.

NOTE 2 By using channelling and aligning the incident-ion beam alehg ‘a crystal axis, the scattering from| the
substrate caf be suppressed so that enhanced signal quality and visibility areJobtained for amorphous overlayers.

4.16
reflection glectron energy loss spectroscopy
REELS
a method |[n which an electron spectrometer is used to measure the energy distribution of electfons
quasi-elastically scattered by atoms at or in a surface layer and the associated electron energy loss
spectrum

cf. elastic peak electron spectroscopy, EPES

417
secondarytion mass spectrometry
SIMS
a method in which a mass spectrometer is used to measure the mass-to-charge quotient and abundance of
secondarylions emitted froni-a sample as a result of bombardment by energetic ions

cf. dynami¢ SIMS, static-SIMS, G-SIMS

NOTE IMS 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 1016 iorjs/m2 in order to retain the surface in an essentially undamaged state.

4.18

small-angle X-ray scattering

SAXS

a method in which the elastically scattered intensity of X-rays is measured for small-angle deflections

NOTE 1 The angular scattering is usually measured within the range 0,1° to 10°. This provides structural information
on macromolecules as well as periodicity on length scales typically larger than 5 nm and less than 200 nm for ordered or
partially ordered systems.

NOTE 2  Wide-angle X-ray scattering (WAXS) is an analogous technique, similar to X-ray crystallography, in which
scattering at larger angles, which is sensitive to periodicity on smaller length scales, is measured.

6 © 1SO 2010 — All rights reserved
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NOTE 3  The X-ray source may be a synchrotron, in which case the term synchrotron radiation small-angle X-ray
scattering (SRXAS) is occasionally encountered.

419

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

NOTE The neutral species may be detected by using plasma, electron or photon ionization methods.
4.2
static SIMS

SIMS in which the material surface is sputtered at a sufficiently low rate that the qFiginal surface is
insignificantly damaged during the analysis

cf. dynamic SIMS

NOTE The ion areic dose during measurement is restricted to less than 1016 ions/m? to an extent thaf depends on
both the material of the sample and the size of the molecular fragments being analysed.

4.21
totdl reflection X-ray fluorescence spectroscopy
TXRF

NOTE Ultra-violet sources in common _use-include various types of discharges that can generate the reqonance lines
of various gases (e.g. the He | and He Il'emission lines at energies of 21,2 eV and 40,8 eV, respectively)| For variable

ethod in which an-electron spectrometer is used to measure the energy distribution of photoelectrons
and|Auger electrons, emitted from a surface irradiated by X-ray photons

NOTE X-ray\sources in common use are unmonochromated Al Ka and Mg Ko X-rays at 1 486,6 eV and 1 253,6 eV,
respectively, Medern instruments also use monochromated Al Ka X-rays. Some instruments make use of yarious X-ray
sources with. other anodes or of synchrotron radiation.

5 Definitions of terms for surface analysis

51
absorption coefficient, linear
linear attenuation coefficient

5.2

absorption coefficient, mass

attenuation 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

© 1SO 2010 — All rights reserved 7
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cf. attenuation length

NOTE 1
NOTE 2

NOTE 3
by the mass

5.3

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

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

density of the substance.

abundance sensitivity

The mass attenuation (absorption) coefficient is the quotient of the linear attenuation (absorption) coefficient

(GDMS) ra
species rec

[IUPACE]]

5.4
adventitioy
(XPS) dete
determined
energy valu

cf. Fermi le

NOTE 1 A
analysts pref
does not det

NOTE 2 [
arising, for e

5.5
afterglow
(GDS) lumi
the sustaini

5.6

altered layer
mbardment) surface région of a material under particle bombardment where the chemical state or

{particle bo
physical str

NOTE 1 A
steady state,
at greater de

NOTEZ2 1

io of the maximum ion current recorded at a mass m 0 the ion current arising from the-s
brded at an adjacent mass (m £ 1)

s carbon referencing

'mining the charging potential of a particular sample from a comparisen of the experimen
C 1s binding energy, arising from adsorbed hydrocarbons on the sample;with a standard bin
e

vel referencing, internal carbon referencing

nominal value of 285,0 eV is often used for the binding energy. of the relevant C 1s peak, although s
er specific values in the range 284,6 eV to 285,2 eV, dependingyon the nature of the substrate. This me
ermine the true charging potential since the true binding energy of the adsorbed hydrocarbons is not kng

Different sample charging potentials can occur on different areas on the surface, or at different de
ample, from sample inhomogeneities or non-unifornyintensity of the incident-radiation flux.

nescence of the decaying plasma présent in a glow discharge device after complete cessatid
ng discharge power

icture is modified by-the effects of the bombardment

or silicon bomparded by 4 keV O,* at near-normal incidence, after sputtering for a sufficient time to reg
the surfaceis'‘converted to stoichiometric SiO, to a depth of around 15 nm with lower oxygen concentra

pths. At 2 ke, this is reduced to 7 nm, these thicknesses being approximately twice the projected range.

pme

tally
ding

ome
thod
wn.

bths,

ch a
ions

[he depth resolution in SIMS may be greater or smaller than the altered-layer thickness, depending on the
analyte and lrombarding-ion species.

5.7

analyser blanking
(SIMS) action to prevent secondary ions from travelling through the mass spectrometer and being detected

NOTE

This action is usually made by pulsing one of the relevant electrode potentials in time-of-flight mass

spectrometers to deflect ions of a selected mass range in which intense peaks occur, so that those masses are not
detected and thus do not cause unwanted detector saturation.

5.8

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

© 1SO 2010 — All rights reserved
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5.9

analysis area

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

5.10

analysis volume

(sample) three-dimensional region of a sample from which the entire analysis signal or a specified percentage
of that signal is detected

51

analysis volume
(spegctrometer) three-dimensional region within the spectrometer from which the entire analyticall signal or a
spegified percentage of that signal can be detected

5.12
anglle, 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

5.13
angle, glancing
angle between the incident beam and the average surface plane

NOTE Angle of incidence and glancing angle are compleméntary.
5.14
anglle lapping

samnple preparation in which a sample is mechanically polished at an angle to the original surface
cf. Ball cratering, radial sectioning

NOTE This angle may often be less than 1° so that depth information with respect to the origingl surface is
trangformed to lateral information.

5.14
angle, magic
(XPB) angle at which the'spectrometer entrance axis is aligned at 54,7° to the direction of the Xtrays at the
sanjple surface

NOTE At the gnagic angle, using the simple dipole theory for the angular distribution of the photoelecjrons emitted
fron] an atom irradiated by unpolarized X-rays, it is predicted that the intensity per unit solid angle is the [same as the
intensity that wiould be obtained if the scattering were isotropic.

5.1

angle-of emission
emission angle
angle between the trajectory of a particle or photon as it leaves a surface and the local or average surface
normal

NOTE The particular surface normal needs to be specified.

5.17

angle of incidence

incidence angle

angle between the incident beam and the local or average surface normal

NOTE The particular surface normal, such as the surface normal to an elementary portion of a rough surface or the
normal to the average surface plane, needs to be specified.

© 1SO 2010 — All rights reserved 9
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5.18

angle of scattering
scattering angle

angle between the direction of the incident particle or photon and the direction that the particle or photon is
travelling after scattering

5.19

angle-resolved AES

ARAES

angle-dependent AES
a procedure in which Auger electron intensities are measured as a function of the angle of emission

5.20
angle-reso
AREPES
(EPES) am

5.21
angle-reso
ARXPS
angle-depg
a procedurg

NOTE )
compounds i

5.22

ved EPES

ethod involving EPES measurements as a function of the scattering angle

ved XPS

ndent XPS
in which X-ray photoelectron intensities are measured as a functiomof the angle of emission

'his procedure is often used to obtain information on the distribution with depth of different elemen
h a layer approximately 5 nm thick at the surface.

angle, solidl, of analyser

solid angle
cf. analyse

5.23

Of analyser that will transmit particles or photons ffom a point on the sample to the detector

r transmission function

angle, solidl, of detector

(EIA, RBS)
5.24
angle, take

solid angle intercepted by the detector from an origin at the centre of the beam spot

-off

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

NOTE1

NOTE2 1

NOTE3 |

5.25

'he particular surface plane needs to be specified.
[ake-off angle-is\the complement of angle of emission.

h the past;*take-off angle has sometimes been used erroneously to mean angle of emission.

anion

negatively charged ion

cf. cation

5.26
anode

(GDS, dc operation) more positively charged electrode in a glow discharge device

cf. cathode (GDS, dc operation)

10

S

or
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5.27

anode

(GDS, rf operation) electrode that is more positively charged over a large fraction of the rf cycle in a
radio-frequency-powered glow discharge device

cf. cathode (GDS, rf operation)

NOTE 1 The rf power applied to a typical rf glow discharge device that is used for surface chemical analysis is
sinusoidal and bipolar, with a time-averaged electric potential of zero relative to ground potential. The reason that the
anode is not more positively charged over the entire rf cycle is that the magnitude of the dc bias is usually slightly less
than one-half of the applied rf peak-to-peak potential.

NOTE 2  The precise fraction of the rf cycle over which the anode is more positively charged depends.upgn the source
geoinetry and other factors.

5.2
anode glow
(GOS) thin luminous region of a glow discharge immediately adjacent to the anode

cf. gathode layer, negative glow and positive column
NOTE The anode glow may not be noticeable in a glow discharge used for-surface chemical analysis.
5.2¢

aperture, contrast
apefture, in an ion or electron optical system, designed to reduee unwanted background signal

NOTE This aperture can also govern the spatial resolutiomand other properties of the system.
5.3(

asymmetry parameter

B

(XPB) factor which characterizes the intehnsity distribution, L(7), of photoelectrons ejected by unpolarized
X-rgys from isolated atoms in a directionxfrom the incident X-ray direction in accordance with

1 3/. 2
L(y)=1+—= —(sm )—1
(n)=1+55 [2 4 }
NOTE This formula relates to gases and is modified by the effects of elastic scattering when applied to solids. At
the magic angle, L(}) =A.
5.31
atormic mass unit (deprecated)

Seeg Note 3 to“unified atomic mass unit”.

cf. Unified atomic mass unit

5.32
atomic mixing
migration of sample atoms due to energy transfer with incident particles in the surface region

cf. cascade mixing, collision cascade, ion-beam-induced mass transport, knock-on, recoil implantation

5.33

attenuation coefficient

quantity u in the expression uAx for the fraction of a parallel beam of specified particles or radiation removed
in passing through a thin layer Ax of a substance in the limit as Ax approaches zero, where Ax is measured in
the direction of the beam
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cf. attenuation length, mass absorption coefficient

NOTE 1 The intensity or number of particles in the beam decays as exp(—u/x) with the distance x.

NOTE 2  Attenuation coefficient is often used in place of linear attenuation coefficient and is used in EPMA. Both are

the reciprocal of attenuation length which is used in AES and XPS.

5.34
attenuation length

quantity / in the expression Ax/[ for the fraction of a parallel beam of specified particles or radiation removed in
passing through a thin layer Ax of a substance in the limit as Ax approaches zero, where Ax is measured in the

direction of]the beam

cf. attenuation coefficient, decay length, effective attenuation length, electron inelastic mean\free path,

linear absarption coefficient, mass absorption coefficient

NOTE 1 The intensity or number of particles in the beam decays as exp(—x//) with the distance x.

NOTE 2 for electrons in solids, the behaviour only approximates to an exponential decay dueto the effects of elastic

scattering. Nevertheless, for some measurement conditions in AES and XPS, the signal intensity may de
approximately exponentially on path length, but the exponential constant (the parameter 4)"will then normally be diffe
from the coresponding inelastic mean free path. Where that approximation is valid, the térm effective attenuation leng
used.

5.35
attenuation length, effective

bend
trent
th is

(AES, XPS} parameter which, when introduced in place of the inelastic mean free path into an expresgion
derived for| AES and XPS on the assumption that elastic .scattering effects are negligible for a gjven
quantitative| application, will correct that expression for elastic,scattering effects

cf. attenuation length

NOTE 1 he effective attenuation length may have-different values for different quantitative applications of AES|and
XPS. However, the most common use of effective attenuation length is in the determination of overlayer-film thicknegsses
from measufement of the changes of overlayer @nd substrate Auger-electron or photoelectron signal intensities jafter
deposition offa film or as a function of emission angle. For emission angles of up to about 60° (with respect to the sufface
normal), it is|often satisfactory to use a singlexwvalue of this parameter. For larger emission angles, the effective attenuation
length can d¢pend on this angle.

NOTE 2 ince there are different uses of this term, it is recommended that users specify clearly the partigular
application apd the definition of the parameter for that application (e.g. by giving an equation or by providing a referenge to
a particular source).

5.36

Auger de-gxcitation

process in Wwhich the“excess energy of an excited atom or ion is given up by the Auger process

cf. Auger neGtralization

NOTE The Auger process can involve energy levels in neighbouring atoms and lead to ejection of an electron into

the vacuum. This electron's energy can then usefully be characteristic of a surface atom with which a metastable p
atom (e.g. He) is in close proximity.

5.37
Auger electron
electron emitted from atoms in the Auger process

cf. Auger transition

robe
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NOTE 1 Auger electrons can lose energy by inelastic scattering as they pass through matter. Measured Auger
electron spectra are therefore generally composed of a peak structure of unscattered Auger electrons superimposed on a
background of inelastically scattered Auger electrons with intensities extending to lower kinetic energies, and on
backgrounds arising from other processes.

NOTE 2  Auger electrons may change their direction of propagation by elastic scattering as they pass through matter.

5.38

Auger electron spectrum

plot of the Auger electron intensity as a function of the electron kinetic energy, usually as part of the energy
distribution of detected electrons

NOTE 1 When excited by incident electrons, the energy distribution of detected electrons, often measyred between
0 eV and 2 500 eV, contains Auger electrons, backscattered (primary) electrons and secondary electrons. The entire
distrjbution is sometimes referred to as an Auger electron spectrum.

NOTE 2 The Auger electron spectrum may be presented in either the direct spectrum‘\or differentipl spectrum
formats.

5.3¢
Auger electron yield
probability that an atom with a vacancy in a particular inner shell will relax by an Auger process

[ASITM E673-03(1]]

5.4(
Auger neutralization
(ion|at a surface) a process in which an electron, tunnellingsfrom the conduction band of a solid, nqutralizes an
incdming ion and an electron is ejected from a surface atom

NOTE The ejected electron may be emitted into the‘vacuum.

5.41
Auger parameter
(XPE) kinetic energy of a narrow Auger electron peak in a spectrum minus the kinetic energy [of the most
intehse photoelectron peak from the same element

cf. ipitial-state Auger parameter, modified Auger parameter
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 Augerparameter is sometimes called the final-state Auger parameter.

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

NOTE4) The Auger parameter is useful for evaluating the relaxation energy of the ionized matrix atom asfsociated with

the generation of a core hole for those AUuger transitions Detween core fevels which have simitar chemicat shifts.

5.42

Auger parameter, initial-state

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

cf. Auger parameter, modified Auger parameter

NOTE 1 The initial-state Auger parameter is useful for evaluating the change in the atomic core potential contribution to
changes in binding energy between two environments, providing the Auger transition is between core levels that have
similar binding energy shifts.
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NOTE 2

5.43

This parameter has no relation to the asymmetry parameter which is also given the symbol f.

Auger parameter, modified
(XPS) sum of the Fermi level referenced kinetic energy of a narrow Auger electron peak in the spectrum

and the bin
cf. Auger p

NOTE

ding energy of the most intense photoelectron peak from the same element

arameter, initial-state Auger parameter

the measured photoelectron peak. Unlike the Auger parameter, it does not depend on the energy of the X-rays.

The modified Auger parameter is the sum of the Auger parameter and the energy of the X-rays responsible for

5.44

Auger progess

relaxation,|by electron emission, of an atom with a vacancy in an inner electron shell

[ASTM E67B-03[1]]

cf. Auger de-excitation, Auger electron, Auger transition

NOTE The emitted electrons have characteristic energies, defined by the Auger transition.

5.45

Auger progess, interatomic

Auger transition in which at least one of the final electron vacancies is localized in valence levels or
molecular grbitals of atoms adjacent to the atom in which the initial vaeancy occurred

5.46

Auger tranpition

Auger progess involving designated electron shells or subZshells

NOTE 1 The three shells involved in the Auger process. are designated by three letters. The first letter designates the
shell containjng the initial vacancy and the last two letters designate the shells containing electron vacancies left by the
Auger process (for example, KLL or LMN). When a.valence electron is involved, the letter V is used (for example, LMV or
KVV). When|a particular sub-shell involved is known/ this can also be indicated (for example, KL4L,). Coupling termd can
also be added, where known, to indicate the final atomic state (for example, L3M4 5My 5;'D).

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

NOTE 3 Vhen an Auger process-involves an electron from the same principal shell as the initial vacancy (for example,
L4LoM), it is|referred to as a €oster-Kronig transition. If all electrons are from the same principal shell (for example,
M;M,Ms) thg process is called @ super Coster-Kronig transition.

5.47

Auger trangition.rate

quotient of {he/probability for an Auger process by time

5.48

Auger vacancy satellite
Auger transition in which additional spectator holes are present in the initial state or the final state for the

transition

5.49
backgroun

d equivalent concentration

(GDS) concentration of an element in a sample that would produce, in the absence of the background, a
signal intensity equivalent to the measured background intensity

NOTE

usually expressed in these units.

14

In GDS, results are often expressed in mass fractions and so the background equivalent concentration is

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=2caa0e276937de33dce349961224fd73

ISO 18115

5.50
background, inelastic

-1:2010(E)

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
background

, Tougaard

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~—StiTtley background—Simpte-fimear backgroumnd ave diso Deert used, ou ESE are 1mu e accurg
the XPS analysis of insulators.

5.5

background, instrumental

intepsity contribution, generally unwanted, arising from non-ideal behaviour of one-or more
instfument

5.52

background, metastable

(SIMIS) intensity in the mass spectrum arising from ions that spontanedusly fragment between e
detection

NOTE In reflectron time-of-flight mass spectrometers, the decay of metastable ions leads to broa
masp dependent on the drift energy and reflector voltage. Good design minimizes these background signa

5.5

background, relative standard deviation of the

quotient of the standard deviation characterizing thesnoise in the background signal by the intg
background signal

5.54

background, Shirley

(AER, XPS) background calculated to'fitthe measured spectrum at points at higher and lower kin
than the peak or peaks of interest such that the background contribution at a given kinetic energy
proportion to the total peak area-above that background for higher kinetic energies

cf. Tougaard background

NOTE The fitting to'the background may be made by averaging over a given number of energy channels.

5.55
background,Sickafus

te except for

arts of the

mission and

0 peaks at a
s.

nsity of the

btic energy
is in a fixed

(AER, XPS)-single-term power law background designed to describe the intensity of the secondafry-electron

castade as-a function of electron emission kinetic energy

NO he—+ne od-second elestron de—for-correction-application-of-the-Si b gre

\d, should be

the experimentally observed spectrum corrected for the spectrometer response function of the measuring instrument.

NOTE 2  The spectrum shape, for a Sickafus background B (E), is given by
By(E) < E™

where E is the electron emission kinetic energy and m is a number in the range 1 to 2.
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5.56
backgroun

d signal

signal present at a particular position, energy, mass or wavelength due to processes or sources other than
those of primary interest

cf. Shirley background, Sickafus background, Tougaard background

5.57
backgroun

d, 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

NOTE 1 A
cross sectiorn

NOTE2 1
that exclude
peaks of in
measuring in

5.58

background

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

'he Tougaard background is usually calculated to match the measured spectrum ovéerya wide energy r
5 the peak region and the spectral region extending to approximately 50 eV less Kinetic energy thar
erest. The measured spectrum should be corrected for the spectrometer (response function of
strument before calculation of the Tougaard background.

backscattered electron

(AES, EEL
sample

NOTE 1 b

NOTE 2 F
referred to a

5.59
backscatt
backscatt
(EIA, RBS)
interval and

5.60

5, EPMA) electron, originating in the incident beam, which{is emitted after interaction with

y convention, the incident beam is often called the primary beam and the backscattered electrons are
the backscattered primary electrons.

ring coefficient

ring yield

quotient of the number of detected particles in an interval of backscattering energy by
by the number of incident ions

backscattering energy

energy of &
from the sa

5.61

particle from the-primary beam after it has undergone a backscattering collision and escg
mple

backscatt

ring factor

(AES) factqr defining the fractional increase in the Auger electron current due to additional ionizations in
sample caused. by backscattered electrons above that arising directly from the primary electrons

y convention, an electron with energy greater than 50 e\Amay be considered as a backscattered electror].

number of classes of atomic distributions can be used together with different differential inelastic scattgring

hnge
the
the

the

bften

that

ped

the

NOTE

Different usages exist; the factor is commonly the fractional increase r, as defined above, and sometimes unity

plus that fractional increase, R (=1 +r). The latter usage is deprecated. For clarity, the particular usage needs to be

defined.

5.62

backscattering spectrum

(EIA, RBS)

[ASTM E67

16

plot of backscattering yield versus backscattering energy

3-031]
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5.63

backscattering yield

backscattering coefficient

n

(AES, EPMA) ratio of the total number of electrons emitted from the sample with energies greater than 50 eV
to the total number of electrons incident at a given energy and angle of incidence

cf. secondary-electron yield, total secondary-electron yield, backscattering factor

5.64

ball cratering
a priocedure in which the sample is abraded by a sphere in order to expose compositional changes in layers
belgw the original surface with the intent that the depth of those layers can be related to the latergl position in
the prater created by the abrasion

cf. dngle lapping, radial sectioning

5.64
beam blanking
eledtrostatic or electromagnetic process designed to prevent any beam particles from impacting the sample

cf. heam bunching, beam chopper

NOTE For pulsed ion beams, the beam is usually deflected into a‘beam collector from which no particles can reach
the $ample and where the process of sputtering causes minimal effect'on nearby components of the ion optical system.
Typikally, in time-of-flight static SIMS systems, a beam of betweeny0,2 pA and 2 pA might be on for betwegn 0,6 ns and
30 nis and off for around 100 ps, with 10 000 repetitions per second.

5.6

be%n bunching

(SIMIS) reduction in the spread of arrival times of-an ion pulse by reduction in the speed of the leading ions or
acceleration of those at the trailing edge of the\pulse

cf. heam blanking, beam chopper

NOTE This procedure may degrade’ the optimum focus of the ion beam since different ions experignce different
field

12

5.67%
beam convergence angle
angplar interval contdining all or a specified fraction of the beam in the space prior to or at the foca| plane

cf. heam divergence angle

NOTE Where the beam is symmetrical, the full or semi-angle may be used. The particular measure of apgle needs to
be sfated.

5.68

beam current

1

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

I=dQ/dt
cf. pulse beam current, average beam current

NOTE For beams in which the current varies with time, the instantaneous and time-averaged beam currents will
generally differ. For a pulsed beam, the current when the beam is on might or might not be equal to the dc, or unpulsed,
beam current.
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5.69

beam current, average
quotient of O by ¢, where Q is the quantity of electric charge of a specified polarity in the beam passing in the
time interval ¢

beam current density

For beams in which the instantaneous current varies periodically with time, the time interval ¢ is an integral

el beam of charged particles) quotient of d/ by d4, where dI is the element of beam cur
an area d4 at right angles to the direction of the beam

A
flux, dose

or a convergent or divergent beam, the area d4 is replaced by a small sphere of cross-sectional area d4|

NOTE

number of periods.

5.70

J

(for a para

incident on
J=dI/q

cf. fluence,

NOTE i

5.71

beam current, integrated

total electriq

5.72

charge transported in the beam over a specified time

beam current, pulse

quotient of
the period ¢

5.73

D by fy where Q is the quantity of electric charge of a specified polarity in the beam passing dy
L in which the pulse is on

beam diameter

(for a partig
plane norm

[ASTM EG67|
NOTE T
5.74

beam dive
angular intg
cf. beam cg

NOTE
be stated.

le beam of circular cross section) full width’/of the beam at half maximum intensity measured
bl to the beam direction

3-03[1]]

'he beam diameter is usually specified at a given point in space, such as the position of the sample.
gence angle

rval containing all-or'a specified fraction of the beam in the space after the focal plane
pnvergence-angle

Vhere the-beam is symmetrical, the full or semi-angle may be used. The particular measure of angle nee

Fent

ring

ina

s to

5.756

beam energy

kinetic ene

rgy of the beam particles

cf. impact energy, incident-particle energy

NOTE 1

NOTE 2

The energy is usually given in electron volts.

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.

18
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5.76
beam particle
electron, positron, ion, atomic, molecular or cluster species contained in the incident beam

5.77
beam, primary
directed flux of particles or photons incident on a sample

5.78
beam profile
spatial distribution of the beam flux in a plane normal to the beam axis

5.7¢
beam source energy (deprecated)
Seg beam energy.

5.8(
binary elastic scattering
elagtic scattering

collision between a moving particle and a second particle in which the total kinetic energy apd the total
momentum are conserved

cf. ipelastic scattering
NOTE In elastic scattering interactions, the moving particle may be‘deflected through angles of up to 18Q°.

5.81
binary elastic scattering peak
(ISY) increase in the spectrometer detection system response above the background level which can be
attriputed to binary elastic scattering of an incidefit ion by a surface atom of a particular mass

[ASITM E673-03(1]]

5.82
binging energy
enefgy that must be expended in_removing an electron from a given electronic level to the Fermi level of a
soligl or to the vacuum level of(a‘free atom or molecule

5.8

blo¢king geometry
(ElA, RBS) experimental arrangement wherein the atom rows or planes of a single-crystal target|are aligned
parallel to a vectonfrem the sample to the detector

[AS[TM E673<0311]]

5.8

bond-cleavage

bond scission

breakage of a molecular bond

NOTE 1  This breakage can lead to two fragments that might or might not be charged, or to a single rearranged product.
NOTE 2  For a- and B-cleavage, see Reference [2] or [3].

5.85

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 atomic fraction, that is,
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SAB(E) =

where Spg(€) is the stopping cross section of the compound
sections of e

XSA([;‘) + _)/SB([;‘)

AB,,
lements A and B, respectively

[Adapted from ASTM E673-03["]]

5.86

bremsstrahlung
(EPMA, XPS) photon radiation emitted from a material due to the deceleration of incident electrons within that

material

NOTE 1 )
NOTE 2 |
photoelectro
characteristi
values and, i

been created only by the characteristic X-rays. The bremsstrahlung-excited Auger electron features can be helpf

and S, (&) and Sg(¢) are the stopping cross

'he bremsstrahlung radiation has a continuous spectral distribution up to the energy of the incident electrg

h XPS, the bremsstrahlung from a conventional X-ray source with an Al or Mg anode leads to.a contin
n background. This radiation might also photoionize inner shells, which would be energetically impossible

n addition, the intensities of other Auger electron features may be greater than if the inner shell vacancies

ns.

lous
with

Al Koo or Mg Koo X-rays. As a result, Auger electron features may appear at negative binding engergy

had
ul in

determining the various Auger parameters needed to identify chemical states.

5.87

cascade mjxing

a diffusion-jike process in which atoms of material are moved randomily)by energy deposited by incigent
particles slqwing down in the sample surface region

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

NOTE 1 If atomic mixing and knock-on effects are not significant) the measured sputter depth profile of a delta lpyer
will be asymmetric on account of cascade mixing since the surface moves through the sample as it is sputtered.| The
initial interna) profile produced will be Gaussian, however, until'significant delta material has been lost through the sample
surface.

NOTE 2 If cascade mixing is the only significant mixing process, the centroid of the measured distribution will lie at the

true delta po

NOTE3 |
internal atoni
decaying co
directional K
probably not

5.88
cathode
(GDS, dco

cf. anode ¢

5.89
cathode

sition (after any shift in the depth scal€ arising from pre-equilibrium effects has been corrected).

n the dilute limit, the measured:depth profile for the delta layer will have an exponential tail because
has an equal probability of being moved deeper or shallower and there is thus an indefinitely persisten
ncentration in the near-surface region. The presence of this tail often leads to the belief that there
hock-on process at wark) True knock-on effects have rarely if ever been observed, however, and
significant as causes.of sputter profile distortion.

beration) Mmore negatively charged electrode in a glow discharge device

5DS, dc operation)

any
t but
is a

are

(GDS, rf operation) electrode that is more negatively charged over a large fraction of the rf cycle in a radio-
frequency-powered glow discharge device

cf. anode (GDS, rf operation)

NOTE 1

The rf power applied to a typical rf glow discharge device that is used for surface chemical analysis is

sinusoidal and bipolar, with a time-averaged electric potential of zero relative to ground potential. The reason that the
cathode is not more negatively charged over the entire rf cycle is that the magnitude of the dc bias is usually slightly less

than one-half

20

of the applied rf peak-to-peak potential.
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NOTE 2  The precise fraction of the rf cycle over which the cathode is more negatively charged depends upon the
source geometry and other factors.

5.90

cathode fall

fall potential

cathode drop (deprecated)

(GDS) electric potential difference between the cathode surface and the negative glow

NOTE In direct-current glow discharge spectrometry typically used for surface chemical analysis, the cathode fall
is usually |n the range 200 V to 2 OOO V, with the cathode surface belng more negative. In an rf glow discharge, the

(GOS) thin luminous region of glow discharge between the Aston dark space and the cathode dark space
cf. negative glow, positive column, anode glow

NOTE The cathode layer may not be noticeable in a glow discharge used for sufface chemical analysis.
5.92
cation

posftively charged ion

cf. gnion, cationized ion
5.93

cationized ion
positively charged ion resulting from a neutral molecule combining with a cation, usually a metal io

>

NOTE 1 Cationization with, for instance, Ag leads to high yields of some positive ion fragments or molecular ions.
Each ion has a mass given by the sum of the miass of the parent molecule or fragment and the mass of the|added metal
atom or atoms. The Ag may be used either.as-the substrate upon which the molecules are deposited or in the form of a
sub{monolayer sputtered onto the moleculesjalready on a surface.

NOTE 2  NH4* can be used as welt:as metals to cationize molecules.

channelling
preferential motion of-energetic particles along the crystal axes of a crystalline solid as the particles move

NOTE In IBA;~for ion or atom motion aligned with the strings of atoms of a single crystal, the part of the beam that
strikes the first\atom of a string will scatter (giving a “surface peak”), but the rest of the beam can go through the “empty”
hannel walls
-gligned, yield.

erlayers and
f ' ' ' ' AT or defects is
comparable to the channelllng yield. It is also sensmve to line defects WhICh often do not have a Iarge direct scattering
effect but can cause substantial subsequent dechannelling deeper in the crystal. In these cases, the point defect
concentrations have to be greater than about 1 atomic % and the dislocation densities greater than about 1011/cm?2.

5.95

characteristic electron energy losses

inelastic scattering of electrons in solids that produces a non-uniform energy loss spectrum determined by
the characteristics of the material

cf. plasmon, surface plasmon
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NOTE 1

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 might be due to a combination of plasmon excitation and single valence-electron excitations, and these
excitations might not be distinguishable. Inelastic scattering can also occur through the excitation of core level electrons
when this is energetically possible.

NOTE 2

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

NOTE 3 Characteristic electron energy loss peaks are often observed in association with other peaks in a spectrum (e.g.
Auger electron peaks, photoelectron peaks, and the peak arising from elastic scattering of primary electrons).

5.96

characterigtic X-rays

photons e
characteris

[ASTM E67|

NOTE 1 |
NOTE 2 In
composition

5.97
charge mo
alteration of

5.98

charge neu
charge com
charge stal
maintenang
conducting

NOTE
photons.

G

5.99

charge referencing

(AES, XPS
measured §

NOTE1 (G
referencing

NOTE 2 I
example, fro

itted by ionized atoms and having a particular distribution in energy and intensity~whic
ic of the atomic number and chemical environment of the atom

3-0311]]

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

bf the sample.

dification
the amount or the distribution of charge at a sample surface

tralization

pensation (deprecated)

ilization (deprecated)

e at a fixed potential, usually near neutrality, of the surface of a non-conducting or pd
sample material under bombardment by, primary particles or photons

a method by which (the’ charging potential of a sample is determined in order to correcf]
nergies so that those_energies correspond to a sample with no surface charge

harge referenging/is often conducted using adventitious carbon referencing, using internal ca
or by gold decoration.

ifferentScharging potentials can occur on different areas or at different depths in a sample, arising
M samplé inhomogeneities or non-uniform intensity of the incident flux of radiation.

EPMA, characteristic X-rays emitted from the sample are detected and analysed’to give information on the

orly

harge neutralization can be accomplished by bombarding the surface with electrons or, more rarely, iops or

the

bon

, for

5.100

charge transfer
charge exchange
(GDS) transfer of charge from an atom, molecule or ion to another atom, molecule or ion

5.101

charge transfer, asymmetric
charge exchange, asymmetric
(GDS) charge transfer between an atom, molecule or ion and another atom, molecule or ion of a different

chemical s

NOTE 1

pecies

electronically excited, ionic state.

22

For example, Art + M — Ar + M**, where M is often a transition metal in GDS applications and M** is in an
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NOTE 2 Generally, asymmetric charge transfer is less efficient than symmetric charge transfer, owing to the effects of
energy overlap and quantum-mechanical considerations on reaction cross sections.

5.102

charge transfer, symmetric

charge exchange, symmetric

(GDS) charge transfer between an atom, molecule or ion and another atom, molecule or ion of the same
chemical species

NOTE For example, Art + Ar — Ar + Ar*. This reaction is believed to be an efficient mechanism in the cathode dark
space of an analytical glow discharge, resulting in a large population of fast Ar atoms directed toward the sample

arising from

NOTE 2  The surface and bulk potentials can differ, for example as a result of-band bending, interfacq dipoles and
charge centres.

5.104

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

5.105
chemical shift
(AEB, EELS, EMPA, XPS) change in peak energy arising from a change in the chemical environment of the

chemical species
atom, molecule, ion or functional group

chemical state of an atom
(AER, EELS, UPS, XPS3)-state of an atom arising from its chemical interaction with neighbouring atoms in a
molgecule, compound¢solid, liquid or gas that leads to a characteristic energy or feature observable in electron
spefgtroscopy

NOTE 1 Examples of features observed are satellite peaks, shifts in the peak energy positions, changes in the
lineshape andvchanges in the characteristic electron energy loss spectra at lower kinetic energjes than the
photoelectron-or Auger electron peaks.

the electron
configuration in the core of the atom providing the signal, as well as the electronic and physical structure (including charge
distribution, density of electronic states and electronic configuration) local to this atom.

NOTE 3 The chemical state of a selected atom is determined by its interaction (e.g. chemical-bonding ionicity or
covalency) with nearby atoms, most importantly its nearest neighbours. It is determined by the oxidation number of an
atom in a compound, by the coordination (mostly by its stereo structure and coordination number) and by the differences
in the kinds of element in the position of the first-nearest neighbour, second-nearest neighbour, and so on. These all affect
the effective charge and spin state of the selected atom.

NOTE 4  Different or distinguishable sets of chemical properties (different chemical states) of a chemical species can
occur as a consequence of differing valence-band electronic structures, including charge distributions and electronic
configurations, localized on the given chemical species. In XPS, the term chemical state is mostly used for characterizing
measured binding energies, Auger electron kinetic energies, and Auger parameters with different oxidation states of a
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given element in different chemical compounds, e.g. the Cr Il oxidation state in Cr,O3 and Cr(OH);. In AES, the term
chemical state is often used to characterize the shape of the Auger electron spectrum for the atoms of an element in
different chemical environments, e.g. the shape of the carbon Auger electron spectrum for graphite and for various
carbides. Differences in the chemical properties of a chemical species in various environments may result in differences in
the respective peak energies, satellite structures, lineshapes or energy loss features in the corresponding Auger or
photoelectron spectra.

NOTE 5  The quantum theory of atoms in molecules defines an atom in a molecule or crystal as a bounded region of
real space — an open quantum system. However, there is no wave function for the atom; they are only for the total
system. Hence, there is no state designation for the atom — only for the total system. What physics provides are
expectation values of all the observables, measurable or otherwise, for the bound atom. In this sense, its state is defined
within the total system by the net charge and energy of the atom and how changes of charge and energy are reflected in

the observed (e.g. Auger or photoelectron) spectra.

5.108

chemical-state plot

Wagner plo¢t

(XPS) plot ¢f the measured kinetic energy of a sharp Auger electron peak versus the binding energy [of a
photoelectron peak for the same element

NOTE 1 Rlots are usually made for a given element that can exist in different chemical states. Such plots are helpful in
defining the $tate for an unknown sample where measurements of the binding energy alone are inadequate.

NOTE 2  The binding energy is usually plotted on the abscissa with values decreaSing towards the right.

5.109

chopper, bpam

(SIMS) elegtrostatic or electromagnetic device used to generate pulses of ions from a continuous ion beam

cf. beam blanking, beam bunching

NOTE The beam chopper can be used to define the pulse length and hence the mass resolution in a time-of-flight
mass spectrgmeter and it can also be used to select particular ions in a beam that contains more than one species.

5.110

chromatic pberration

non-ideal fgcus of an electron or ion opticalsystem for electrons or ions of different energies

5111

cluster ion

ion composed of many atoms of-chemical species

NOTE 1 The cluster may.have a positive or negative charge.

NOTE 2  (luster ions~are used for primary-ion sources with enhanced properties compared with those of monatpmic
ions. Examples of such.sources are: Ausz*, Aus*, Bis*, Bis*, Cgo*, H30*(H,0),, [Os3(CO)45]* and SF5*.

5.112

cluster SIMS

(SIMS) SIMS but utilizing a primary beam composed of cluster ions

NOTE Cluster ion sources are often used in static SIMS to enhance molecular signals and in dynamic SIMS to

enhance depth resolution.

5.113

collective motion
(SIMS, sputtering) movement of a number of atoms or molecules at the same time and in the same region

24
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5.114
collision cascade

-1:2010(E)

sequential energy transfer between atoms in a solid as a result of bombardment by an energetic species

[ASTM E673-03[1]]
cf. atomic mixing, cascade mixing, knock-on, recoil implantation
5.115

compositional depth profile
CcDP

tant AE mode

NOTE This mode is often used in XPS to maintain a high and constant/energy resolution throughout {

5.117

constant AE/E mode

constant retardation ratio mode

CRR mode

fixed retardation ratio mode

FRR mode

mode of electron energy analyser operation.that varies the retarding potential so that the pass e
enefgy-dispersive portion of the analyservis a constant fraction of the original vacuum level
kinetic energy

NOTE This mode is often used intAES to improve the signal-to-noise ratio for high-energy emitted eldg

expgnse of spectral resolution. In this:case, the analyser transmission usually rises with increasing kinetic ¢
analysed electrons as a result of the“increased energy width accepted.

5.118
cooperative uplifting
collective motion ‘of atoms or molecules under an atom or molecule at a surface, causing its des

5.119
Cosgter-Kronig transition

he spectrum.

hergy in the
referenced

ctrons at the
energy of the

brption

EXAMPLES  L;L,Ms; M{M,Ns.

5.120
counts
total number of pulses recorded by a detector system in a defined time interval

NOTE 1 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.
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NOTE 2 In multidetector systems, the apportion of counts into relevant channels of the spectrum can lead to changes
from the expected Poissonian statistics in each channel since the counts in neighbouring channels can be partly
correlated.

5.121
crater depth
average depth of the region of a crater from which the measured signal is derived

NOTE 1 The crater is generally formed by ion bombardment in sputter depth profiling and, in this case, can be
different from the thickness of sample material removed by sputtering due to dilation of the altered layer.

NOTE 2 Clo 4 ol Ll b ifiod Lot o £ N £ taal | L icda) £fall H t
e CratCT Ot Pt CaTT OCTTIOUMC U Oy tCTOTTHat o OT & 1eattiCUTayCr (g alt OATUTTOmowinTg-arty CAPOSU e o

the atmosphegre or other environments necessary when conducting the crater depth measurement.

5.122
crater edge effect
occurrence [of signals from the crater edge which often originate from depths shallower thanthe central region
of the cratef formed in depth profiling

5.123
cross sectjon
(for a spegified target entity and for a specified reaction or process produced by incident charged or
uncharged [particles of specified type and energy) quotient of the probability~ef reaction or process for| the
target entity by the incident-particle fluencel#!

NOTE 1 Cross sections are often expressed as an area per target entity (atem, molecule, etc.) for the relevant prodess.

NOTE 2 A cross section of o per atom for the removal of particles from a given state in a beam will lead to a redugtion
dN in the number N of particles in that state in a distance dx, given by‘the relationship:

dN = Ngn dx
where n is the density of atoms traversed by the beam.
Integration Idads to the relationship:

N = Nyexp(-nox)
where N, is the value of N at the origin of x.
5.124
cross sectjon, damage

cross sectjon for the change in the number of particular entities considered to be a result of damage caysed
by bombargment by defined ions, electrons or photons

ction, disappearance

hie-particular entities can, for example, be specific molecules on a surface, specific observed ion fragments,
INg as mierred 1rorm spectral ddid.

NOTE 2 Generally, the larger the entity, the larger the damage cross section.
NOTE 3  As a result of the break-up of larger entities, the observed entity may increase or decrease in intensity.
NOTE 4  Cross sections are often expressed as an area per target entity (atom, molecule, etc.) for the relevant process.

NOTE 5  Either as a result of the damage or as a result of electron or ion sputtering, the damaged material can be
removed from the sample. For bulk samples, this can reduce any change in the relevant signal observed. For monolayer
samples, such sputtering can increase any change in the relevant signal observed. Preferential sputtering can also
change the relevant signal observed.
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NOTE 6 A cross section of o per atom for the removal of entities from a given state on a surface will lead to a reduction
dN in the number N of entities in that state in a time dz given by the relation:

dN = NJodt
where J is the primary-ion or electron dose rate density.
Integration leads to the relation:

N=Nqexp(-Jot)

r-\n- AL ic aitial ol £ AL
Whefe-M-is-the-irftiat-vatie-of A

Thelobserved value of the number of a given entity can also depend on sources creating that entity as discusged in Note 3.

5.125

cross section, disappearance
(SINIS) cross section for the loss of intensity of an ion signal observed as a result of the bombardment by
primary ions

cf. gross section, damage

NOTE 1 The ion signal used is usually that for a large or characteristic fragment of the molecule, such as & cationized,
protonated or deprotonated ion from the molecule, at a surface.

NOTE 2 Generally, the larger the molecule, the larger the disappearance cross section.

NOTE 3 It is often assumed that the material being studied is present as a monolayer; howevef, this is an
expgrimentally measured parameter and a value can be obtained irrespective of the precise form of the nfaterial under
study. The disappearance cross section has practical significance and might or might not be simply related to the damage
crogs section.

5.126
cross section, elastic scattering
cross section for binary elastic scattering

5127

cro$s section, elastic scattering; differential
quotient of the elastic scattering cross section for scattering into a particular infinitesimal soljd angle far
fronm the target by that infinitesimal solid angle

NOTE The differential elastic scattering cross section is related to the elastic scattering cross section, o] by

_  dogt2)
O et
4t

wheledog(£2)/d2is the differential elastic scattering cross section for scattering into solid angle 2.

5.128
cross section, 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

5.129
cross section, inelastic scattering
(AES, EELS, EMPA, XPS) cross section for inelastic scattering by an electron traversing a material
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5.130

cross section, ionization
cross section for a process that will produce, in an atom, a vacancy in a previously occupied shell

NOTE 1

NOTE 2
of the atom.

NOTE 3

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

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

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

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

NOTE 4 £
Coster-Kron

5.131
cross sect

n atom can have multiple vacancies following an initial ionization or as the result of subsequent Augs
ig processes.

on, nuclear reaction

(EIA) crosg section at a given beam energy and emission direction of the detected product for a partig

nuclear rea

NOTE 1

5.132
cross sect
total ioniz

1
one or mor

ction per atom
'his cross section is usually expressed per atom as an area in units of barns (ohe)barn = 10-28 m2).
on, photoionization

ion cross section for an incident photon of a given energy.intéracting with a material to prod
photoelectrons from all sub-shells that are energetically accessible

cf. ionizatign cross section, sub-shell photoionization cross-séection

5.133
cross sect
(RBS) elas

on, Rutherford
ic scattering cross section calculated usihg classical mechanics and a Coulomb potential

cf. elastic gcattering cross section, enhanced-elastic cross section

NOTE 1

5.134

cross sect
(EIA, RBS,
sample by {

cf. stoppin

NOTE1 1
customary fg

[he resulting cross section formula was first derived by Rutherford.

on, stopping
sputtering) quotient(of-the rate of energy loss of a particle with distance along its trajectory
he atomic density of'\sample atoms for an infinitesimal sample thickness

j force, stopping power

pr or

ular

uce

in a

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

r cross’sections.

NOTE 2

[he-atamic dnn:ify is IICIIQ”\JI taken as the number r*lnncif\ll’ N but sometimes as the mass r'lnn:ihll A-S

that

the units will

be eV-m2/atom or eV-m2/kg. The stopping cross section S(E) is thus given either by

S(E) = (1/N) (dE/dx)

or by

S(E) = (1/p) (dE/dx)

where dE/dx is the rate of loss of energy E with distance x along the particle trajectory. Note that dE/dx is often called the
stopping power although it is not in units of power.

NOTE 3

This inconsistency for the term stopping power leads to its deprecation.

28

In some texts, the stopping cross section and stopping power are used interchangeably so that S(E) = (dE/dx).
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many other forms.

5.135

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

cf. photoionization cross section

Older texts can be found with the stopping cross section given in keV-cm2/gm (meaning “per gram”) and in

scattering

NOTE Photoionization from one sub-shell may lead to shake-up or shake-off of electrons from other shells.
5.136

cro$s section, transport

r | . o . :
quotgient of the fractional momentum loss of a particle incident on the sample arising from elastic

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, isZ’simply the elastic scat

secflion. By contrast, the transport cross section is a measure of the probability<of the loss of a substantial f]

initig
amg

NOT

whe|

5.13

I momentum, analogous to stopping cross section which is a measure of'the probability of the loss of
unt of energy.
E 3  The transport cross section is related to the differential elastic scattering cross section, do,(¢2
T
do, (£
Oy = 2nj$ (1-cos@)sing do
de

0
e @is the angle of scattering.

7

cro$s-sectioning

sanf
und

5.13
da

pa
proq

ple preparation in which the sample is cleaved, cut or polished in a plane perpendicular to th
br study, so that associated,.compositional differences or gradients can be observed in that plan

8

age limit

cle fluence aboye which significant changes in the spectrum or in a stated peak, arising fr
esses, are obseéryed

ering cross
raction of the
a substantial

/dQ by

e interface
e

bm damage

5.140
dark space, anode
(GDS) dark space between the positive column and the anode glow in a glow discharge

cf. Aston dark space, cathode dark space, Faraday dark space
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5.141
dark space, Aston
(GDS) very thin dark space immediately adjacent to the cathode in a glow discharge

cf. cathode dark space, Faraday dark space, anode dark space

NOTE In glow discharge spectrometry used for surface chemical analysis, the Aston dark space is often not

noticeable.

5.142
dark space, cathode

Crookes' dgrk space (deprecated)
Hittorf dark |[space (deprecated)
(GDS) darK space between the cathode layer and the negative glow in a glow discharge

cf. Aston dprk space, Faraday dark space, anode dark space

NOTE 1 In glow discharge spectrometry used for surface chemical analysis, the cathode dark/space usually app

to occupy all|of the space between the cathode surface and the negative glow.

NOTE 2 In dc glow discharge spectrometry, the cathode dark space is characterized, by a@’large positive space ch
and a strong|electric field. This situation also occurs in an rf glow discharge over a large-majority of the rf cycle. As ar

efficient accgleration of charged particles occurs in the cathode dark space.

5.143
dark spaced, Faraday
(GDS) darK space between the negative glow and the positive column in a glow discharge

cf. Aston dprk space, cathode dark space, anode dark space

5.144
daughter ion

electrically ¢harged product formed from a parention or from a neutral entity generally of a larger size

ears

arge
esult,

NOTE Formation of the product need not necessarily involve fragmentation. It could, for example, involve a change

in the numbegr of charges carried. Thus, all fragment ions are daughter ions, but not all daughter ions are necess

fragment ions.

5.145

dc bias
dc offset
self bias

(GDS, rf operation) timé<averaged electric potential, relative to ground, developed on the surface of

electrode td which the~tf power is applied

NOTE 1 The dcobias arises as a result of the very different mobilities of the plasma electrons and the posif

charged plagma ions.

arily

the

vely

NOTE 2 The dc bias effectively limits sputtering to the sample surface, preventing sputtering of other surfaces in

contact with the plasma.

NOTE 3  For a properly designed rf glow discharge device used for surface chemical analysis, the magnitude of the dc

bias is slightly less than one-half of the applied rf peak-to-peak potential difference.

5.146
dead time
time per pulse for which a pulse-counting system is unavailable for further counting
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5.147

dead time, 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

5.148
dead time, multidetector
effective dead time of the whole detector, treating it as a single detector

5.149

dead time, non-extended
dead time for a system where the pulse lengths are not extended by extra pulses arriving during the dead
timg associated with earlier pulses

5.180
decpy length
valle of I for an intensity exhibiting a response e™/! with distance x

cf. gttenuation length

5.151
decay length, average emission function
negptive reciprocal slope of the logarithm of a specified exponential approximation to the emis'fion 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

[ASITM E673-03["]]

5.182
decay length, deep emission function
asymptotic value of the emission function decay length for increasing depths from the surface

5.183
decay length, emission function
negptive reciprocal slope of the logarithm of the emission depth distribution function at a specifled depth

[ASITM E673-03(1]]

5.154
decay length, leading-edge
valye of the decay length for an increasing signal intensity as a function of depth prior to a maxiqnum

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.

5.185
decpylength, trailing edge
value of the decay Tength 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 sputter
depth profiles.

5.156

degree of ionization

ionization coefficient (deprecated)

(SIMS, FABMS) quotient of the number of ions of a species emitted by the number of sputtered particles of
that species
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5.157

delayed onset
X-ray energy, in an X-ray absorption spectrum, at which there is a significant increase of absorption and for
which the increased absorption occurs at a higher energy than a core-level binding energy

NOTE

For many elements, there is a significant increase of absorption when the X-ray energy is equal to the electron

binding energy for a sub-shell. A delayed onset occurs for some elements and sub-shells when the corresponding

increase of a

5.158
delta layer

bsorption occurs, instead, at an energy larger than the sub-shell binding energy.

layer of dis

NOTE T
5.159

dendrimer
molecule ¢
regularly at

NOTE

built up one
repeat unit 3
generation.

[

5.160

rete composition, one ator thick; formed during growth of Tiateriaton a substrate

'hese films are often formed during epitaxial growth on single-crystal substrates.

bmprising a multifunctional core molecule with a dendritic wedge of highly dranched monon
ached to each functional site, leading to a monodisperse, tree-like or generational, structure

Dendrimer synthesis occurs in polymer chemistry and involves stepwise reactions in which the dendrim
monomer layer, or generation, at a time. The core molecule is referred to as.“generation 0”. Each succes
long all branches forms the next generation, “generation 1”7, “generation 2”, and so on until the termin

deprotonated ion

parent molsg

5.161

cule or fragment from which a proton has been removed to form a negative ion

depth distifibution function, emission

(for a meas|
leaving the
normally frg

5.162
depth dist
probability
the materia

[ASTM E67|

5.163

ured signal of particles or radiation emitted~from a surface) probability that the particle or radig
surface in a specified state and in a given direction originated from a specified depth meas
m the surface into the material

ibution function, excitation
hat specified excitations are-created at specified depths measured, normally from a surface
, by a beam of specified patticles or radiation incident on the surface in a given direction

3-03(1]]

depth profiling

monitoring

cf. composlitional depth profile

ners

er is
sive
hting

tion
ired

into

bf signahintensity as a function of a variable that can be related to distance normal to the surface

NOTE

5.164
depth reso

The signal intensity is usually measured as a function of sputtering time.

lution

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

32
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5.165
depth resolution, instrumental
(AES, SIMS, XPS) depth resolution in the sample arising from parameters of the instrument

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.

5.166
depth resolution, instrumental
(MEIS, RBS) depth resolution in the sample arising from the energy resolution of the spectrometer

5.17

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

cf. depth resolution

EXAMPLES Standard deviation (for a Gaussian response function), full width at half maximum intensity (for any
bell-shaped distribution) and decay length (for an exponentially increasing or decreasing region of the resporjse 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 signal
becgmes 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 distinguishability, but are useful in|instrumental
evallation and profile deconvolution.

5.168
dete¢ction limit
smallest amount of an element or compound that can be measured under specified analysis condifions

NOTE 1 By convention, the detection (imit is often taken to correspond to the amount of material for which the total
signpl for that material minus the background signal is three times the standard deviation of the signal above the
background signal. This convention might not be applicable to all measurements, however, and, for a fuller fdiscussion of
detedction limits, Reference [5] should)be consulted.

NOTE 2 The detection limit can be expressed in many ways, depending on the purpose. Exampleg of ways of
expressing it are mass orWweight fraction, atomic fraction, concentration, number of atoms and mass or weight.

NOTE 3 The detection limit will generally be different for different materials.
5.169

detéctor efficiency
fraction<f(particles or photons incident on the detector that result in the detected signal

5170

differential electron elastic reflection coefficient

(EPES) ratio, per solid angle, of the number of electrons backscattered quasi-elastically from a solid surface
at a given scattering angle to the number of incident electrons

NOTE The differential elastic reflection coefficient for electrons depends on the atomic composition of the surface
layer of the solid, on the differential elastic scattering cross sections of the different atoms for electrons, on the
corresponding inelastic mean free path, on the energy of the incident electrons and on the scattering geometry.

5.171

differential spectrum

(AES (and, rarely, XPS)) differential of the direct spectrum with respect to energy, E, by an analogue
electrode modulation method or by numerical differentiation of that spectrum
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NOTE The modulation amplitude in eV or the number of points and the type of differentiating function should be
given.

5.172

dilute limit

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

5.173

direct spectrum
(AES and XPS) intensity of electrons transmitted and detected by a spectrometer with a dispersing energy
analyser, as$ a function of energy, £

NOTE 1 In| retarding field energy analysers, which do not have a dispersing element, the direct spectrum can be
obtained fror the first differential of the collected current with respect to the retarding energy.

NOTE 2 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 to E times the true spectrum.

5.174
dose
synonym ofareic dose

5.175
dose, areig
dose density (deprecated)
D
quotient of N by d4, where dN is the number of energetic particles of a specified type introduced into a golid
through a slirface area d4:

D =dNd4

NOTE 1 The energetic particles are atoms or aton clusters, which can be electrically charged or neutral, anq the
surface areal|d4 is the geometric surface area.

NOTE 2 For a stationary parallel beams.the areic dose equals the fluence times cosé, where @ is the angle of
incidence of the beam to the surface normal.

NOTE 3 Ih some texts, the termdose density is used, but the term dose (more correctly areic dose) is more
widespread. [The term dose has been defined very differently in the fields of radiation and the medical sciences. The|total
quantity of particle radiation impacting the surface has been taken by some to be dose, and the quotient of the quantity by
the area of the surface to be"dose by others. Here, dose is taken to be the latter. Dose density and dose, where they dccur,
are to be takgn as the areie.dose.

NOTE 4  For a diseussion of areic dose in relation to ion-implanted reference materials, see Reference [6].

5.176
dose, implantedareic

pimp

quotient of dNMP by d4, where dNIMP is the number of energetic particles of a specified type incident on a
solid within a surface area d4 and stopped within the solid:

DIMP — dNIMP/d4

NOTE Particles which are not stopped within the solid are either backscattered or transmitted.
5177

dose, nominal areic

Dnom

areic dose, as measured by an approximating procedure
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NOTE Typically, Dnom for a beam of charged particles is derived by forming the quotient of the particle equivalent of
the current integral over time and the surface area over which the beam is scanned with lateral uniformity. Hence, Dnom is
generally an approximate average measure of D.

5.178
dose, non-implanted areic
areic dose representing the fraction of the received areic dose not trapped in the sample

NOTE The sum of the implanted areic dose and the non-implanted areic dose equals the received areic dose.
5.179
dosgTate;areic
guo ient of dD by d¢, where dD is the areic dose introduced into a solid in time interval d:
G =dD/dt
NOTE For a stationary parallel beam, the areic dose rate equals the flux times cosé, where 6 is {he angle of

incigdence of the beam.

5.1 jeo

dose, received areic
Drec
quotient of dN™®C by d4, where dN™€ is the number of energetic particles of a specified type incident on a solid
withlin a surface area d4:

Drec = dNec/d4

5.1 je'l

dose, retained areic
pret
quotient of dN't by d4, where dN™t is the number of energetic particles of a specified type incident on a solid
within a surface area d4 which are stopped within the solid and remain therein:

Dret = dnret/d4

NOTE 1 Particles which are stopped within the solid but do not remain therein might be either thermally gvaporated or
re-efnitted by sputter erosion of the.solid.

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

5.182
dose, sputtered<areic

areic dose representing the fraction of the implanted areic dose lost from the sample by sputtering
NOTE The sputtered areic dose is a fractional quantity of the implanted areic dose.
5.143

dual-beam profiling
(SIMS) sputter depth profiling involving two ion guns

NOTE 1 Two similar ion guns can be used in opposite azimuths of the sample to reduce the development of
topography.

NOTE 2 In time-of-flight mass spectrometers, one beam is used with a short on-time for the SIMS analysis whilst a
second is used during the period when the first is off and the mass analysis has been completed in each cycle. The
second gun provides the ions for sputter removal of the sample to form the depth profile. This combination allows
practical sputtering rates to be achieved and the profiling to be optimized separately from the optimization for the SIMS
analysis.
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5.184
dynamic emittance matching

electron or 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

5.185
efficiency

(SIMS) quotient of the measured yield of an ion species per primary ion and the disappearance cross

section

cf. ionization efficiency

5.186

elastic pe

quasi-elaslic peak

peak in thg electron spectrum, produced by quasi-elastically scattered electrons detected<{by an elec
spectrometger

cf. elastic |peak electron spectroscopy, EPES, inelastic scattering, recoil effect; reflected elec
energy loss spectroscopy, REELS

ron

ron

NOTE 1 Il electrons that are scattered by atoms can be elastically scattered in the(centre-of-mass frame, but energy

losses that gre typically less than 1 eV might be observed in the laboratory frame. These losses are generally signific
less than the¢ measured energy width of the electrons in a primary-electron beam, Historically, and more generally
scattering hgds been called “elastic”; however, the term quasi-elastic is now oftefi used if the small change in energy
occurs on schttering is important.

NOTE 2 he energy and the energy broadening of the quasi-elastic.peak are influenced by the recoil of the scat|
atoms, the ehergy distribution of the primary (incident) electrons, the‘scattering geometry, the acceptance geometry

antly
the
that

erer
and

the responsg function of the electron spectrometer. The intensity-of the elastic peak depends on the electron differential

elastic scaftering cross section and on the total cross section for inelastic electron scattering at the parti
primary-elecfron beam energy and in the given scattering geometry, including the probability of surface excitations.

5.187
electron energy analyser

device for measuring the number of electrons, or an intensity proportional to that number, as a function of
electron kirjetic energy

cf. electron] spectrometer

5.188
electron flgoding
irradiation gf a sample with.low-energy electrons in order to change or stabilize the charging potential

5.189
electron retardation
(AES, XPS) method of measuring the kinetic energy distribution by retarding the emitted electrons befor

cular

the

e or

within the electron enerqgy analyser

[ASTM E673-03["]]

5.190
electron spectrometer
device, the essential part of which is an electron energy analyser

NOTE The term 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 is used to describe a complete working system with an energy analyser, possible electron-optical
components, an electron detector, excitation sources, vacuum pumps, control electronics and a data-processing system.

The meaning will normally be made clear by the context.
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5.191

emission yield

(GDOES) quotient of the time-integrated optical emission signal minus the signal background at a specified
wavelength by the mass of the emitting element sputtered in the time interval of interest

5.192
energy acceptance window
range of energies accepted by a spectrometer, leading to a detected signal

5.193

energy edge
(EIA, RBS) values of the backscattering energy for an element, or for an isotope, that is ledated at the
surface of the sample

5.194

energy eigenvalue
enefgy value of a single bound electron level in an atom, molecule, ion or solid obtained by solving the single-
eledtron Schrodinger or Dirac equation in the Dirac-Fock representation of the electronic structurg of an atom
in itp ground state

NOTE 1 Eigenvalues are the solutions to certain integral equations, a speeial case of which is the|Schrédinger
equation for electrons in atoms, molecules, ions or solids.

NOTE 2 In the frozen-orbital approximation, the binding energy.of/a hole state is given by the negative of the
corrésponding single-electron energy eigenvalue.

5.195
energy, impact
king¢tic energy of the particles on impact with the sample surface

cf. heam energy, incident-particle energy
NOTE 1 For primary-ion beams in SIMS, thelion impact energy is given by the difference in electric potential between
the fon source and the sample surface multiplied by the charge on the ion. In some SIMS systems, the beam energy is
givep for the source potential with respect\to’ ground, but the sample potential need not be at ground. The impact energy
takeps account of any sample potential:

NOTE 2  Use of the qualifier ‘impact” indicates that this is the energy of the particles striking the surface.

5.196
energy loss
enefgy dissipated by'particles as they interact with the sample

cf. gharacteristic electron energy losses, plasmon

5.197
ergy.loss spectrum, electron

the sample, often exhibiting peaks due to specific inelastic loss processes

cf. characteristic 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 to the energy loss spectrum associated with that peak.

NOTE 2 The electron energy loss spectrum, 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.
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5.198

energy of incident beam (deprecated)
See impact energy.

5.199

energy per channel
energy difference between successive spectral channels

5.200

energy, surface approximation
(EIA, RBS) simplification of calculations involving the energy of an ion passing through a solid sample, where

the energy

[Adapted fr

NOTE This approximation is used to determine the energy at which scattering or stopping cross &ections, or

are evaluated.

5.201

enhancement factor

Kn’1 . . . . . . . .

(SIMS, sputtering) ratio of the ion or neutral sputtering yield using a primary-ion cluster of n similar atorn]
n times the|ion or neutral sputtering yield using a primary ion of one of these atoms where the primary
energy per ptom is the same in each case

NOTE An enhancement factor greater than unity in SIMS is usually used'to show that the yield from a cluster sg
is greater thgn the yield that would be predicted for a linear collision cascade.

5.202

erosion rame

(surface) qliotient of the change in the position of the surface as a result of particle or photon irradiatio
the time of jrradiation

cf. sputteripg rate

NOTE 1 The erosion rate can be deduced ‘from surface profilometer measurements of a crater after analysis. In
case, the effg¢cts of the altered layer and post:profile oxidation need to be considered.

NOTE 2 Vhere the erosion is caused-by sputtering, initially the erosion rate may be less than the sputtering rate

result of the
NOTE3 T

5.203

escape depth, mean

average de

pf the ion at the surface is used in place of a properly averaged energy

bm ASTM E673-03[1]]

etention of sputtering particles.

[he rate may be megasured as a velocity.

bth normal to the surface from which the specified particles or radiations escape as defined by

both,

sto
-ion

urce

h by

this

as a

]fz¢(z,
0

0) dz/jqﬁ(z,a) dz
0

where ¢(z,6) is the emission depth distribution function for depth z from the surface into the material and
for angle of emission & with respect to the surface normal

[ASTM E673-03[1]]
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5.204
excitation, electron impact
(GDS) electronic excitation of an atom, molecule or ion resulting from collision with an electron

NOTE 1 For example, M + e~ — M* + e~, where M* is a transition metal in an electronically excited state.
NOTE 2 In a glow discharge used for surface chemical analysis, electron-impact excitation is believed to account for

most of the electronic excitations. Therefore, it is a very important physical mechanism for glow discharge optical
emission spectrometry.

NOTE This term is generally used to characterize a molecule in one of its electronically excited 'states,|but can also

(SIMIS) voltage between the electrodes used to define the extraction field occurring in the period between ion
pulges in the pulsed-extraction mode

NOTE 1 This term is used in time-of-flight SIMS instruments.

NOTE 2  The extraction bias can be set to zero or it can be set at aarticular value to deflect low-energy electrons to
the pample for charge neutralization or, in dual-ion-beam systems for depth profiling, to deflect secpndary ions
gengrated by the sputter depth profiling ion gun in order to prevent them from entering the mass specfrometer and
gengrating background counts.

facilitate the introduction of.emitted ions into the mass spectrometer

NOTE 1 In the pulsed=extraction mode, the extractor voltage will be pulsed to the high value required tq extract ions
emitted from the sample/by the primary-ion pulse for at least the time period necessary for the heaviest ion to pass
throfigh the extracton eléctrode and will then be reduced to the extraction bias value until the next pulse is refjuired.

NOTE 2  This voltage, together with the separation distance between the sample and the extractor electfode, defines
the extraction field.

5.209
FAB-SIMS
(SIMS) SIMS in which the primary-ion beam is replaced by a fast-atom beam

5.210

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 only to charged particles moving from outside in, but not to
charged particles 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 capability with a filter for electrons and secondary ions (i.e. the Faraday cup is open only to
forward-moving ions of the beam, but is closed to all electrons and secondary ions from both inside and outside the cup).
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5.211

Fermi energy

Fermi level

(conductors) maximum energy of electrons in the valence band at zero kelvins

cf. vacuum

NOTE

5.212

level

For insulators and semiconductors, the Fermi level is usually between the valence and conduction bands.

Fermi level referencing

(XPS, UPS
correspond
point of zer

[ASTM E67|
cf. vacuum

5.213

FIB
focussed i
ion beam g

NOTE 1
7 nm to 300
an economic

NOTE2 R

5.214

field-induc
effect occu
migration of

5.215
final state
(AES, EMP,

5.216

establishing the binding energy scale for a particular sample by assigning the kinetic energy

ng to the Fermi level, as determined by analysis of the sample's XPS or UPS spectrum. ag
b binding energy

3-03(1]

level referencing

bn beam system
ystem used for machining small regions with sub-micron precision

the

h general, FIBs use an LMIS to generate a finely focussed ion\beam with diameters typically in the range

hm and of sufficient flux, typically 4 pA to 20 nA, to machinecsmall items for study by AES, SIMS or TE
time. They are also used to manufacture SPM tips, those for, AFM having radii down to 2 nm.

IB-machined surfaces may have an ion-damaged surface that needs to be removed.

pd migration
ring in insulators where internal electri¢-fields created by ion or electron bombardment cause
sample atoms

A, XPS) state of an atom(resulting after a particular Auger, X-ray or photoemission process

floating p

ential

(GDS) elecfric potential that.develops on an isolated substrate immersed in a plasma

NOTE
the fluxes

n isolated substrate cannot conduct charge to other parts of the instrument. Therefore, averaged over

M in

the

ime,

electrons» and positively charged ions to its surface must be equal. Given that electrons are much more
mobile than positively charged ions, equal fluxes arise when the floating potential is typically a few volts more neg
than the plagma.potential.

htive

5.217
fluence
F

(for a parallel beam of particles) quotient of dN by d4, where dN is the number of particles of a specified type
incident on an area d4 at right angles to the direction of the beam:

F =dN/d4

NOTE 1

For a scanned parallel beam, the fluence may be referred to the laboratory coordinate system or to the

scanned beam's own moving coordinate system. The latter will generally give the higher value. The usage of fluence in
these situations requires a clear statement of the coordinate system being used.

40
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NOTE 2 In some texts, the term fluence is used for areic dose. This is incorrect and has led to confusion. See Note 2
in 5.175.

NOTE 3  For a parallel beam, fluence rate and flux density are equivalent measures.

5.218

fluence

F

(for particles moving in many directions) quotient of dV by d4, where dN is the number of particles of a
specified type incident on a sphere of cross-sectional area d4

5.219

flugrescence
(AEB, TXRF, XPS) X-rays generated by a transition of an electron from a filled shell to a core.hole} created by
inciglent radiation, at a higher binding energy

5.220
flugrescence yield

(AEBS, TXRF, XPS) probability that an atom with a vacancy in a particular_inner shell will relgx by X-ray
flugrescence

5.221
flux
(e
(for|a beam of particles) quotient of dV by dz, where dN is thexnumber of particles of a specified type passing
in the time interval d¢

@ =dN/dt
NOTE For a parallel beam, fluence rate and flux density are equivalent measures.
5.222

fragment ion
chafged dissociation product arising from.ionic fragmentation

[IURACI3]]
cf. daughter ion, metastable.ion

NOTE Fragment ions -may dissociate further to form other electrically charged molecular or atomi¢ moieties of
sucgessively lower mass.

5.223

fragmentation
breakdown'of a molecule or ion to form one or more ions or neutral species of lower mass whilsf| conserving
the fotakcharge

5.224

frozen-orbital approximation

assumption that the one-electron wavefunctions of the electrons remaining in an atom or molecule are
unchanged after ionization

NOTE In the frozen-orbital approximation, the binding energy of an electron is given by the negative of the energy
eigenvalue.

5.225

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
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5.226

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

5.227
gated area

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

NOTE

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

electronic gpte or a digital gate.

5.228

glow dischlarge
n that results from the passage of electrical current through a gas and that is eharacterized by

phenomeng
emission o
ionization p

NOTE 1 |
bombardmer
by collisions

NOTE2 A

light, a low current density (about 0,01 A/m2 to 1 000 A/m2) and a potential that is above
ptential of the gas but below the sparking potential

h glow discharge surface-analytical instruments, sample material is introduced into the gaseous discharg
t of the surface by positive ions and energetic neutral species. Sputtered atoms. jare then excited and ior]
n the discharge.

nalytical glow discharge devices are usually operated in argon at a pféssure in the range 10 Pa to 2 000

5.229
glow disc

a
(GDS) glozl

by an incre

cf. glow digcharge, normal

NOTE
than the nor
sample, as W

5.230

glow discharge, boosted

(GDS) glow
primary me

NOTE i

unboosted rf
electrons by

5.231

rge, abnormal
discharge operated in a current/voltage regime in~which an increase in current is accompa
se in voltage

mal mode. This is because abnormal operation provides sputtering of the entire exposed surface o
ell as increased signal intensities.

y discharge sustained.by a’secondary means of coupling energy into the plasma in addition tg
Ans, sometimes providing enhanced analytical signals

orms of boosting the glow discharge include the use of microwave and rf fields (not to be confused
glow dischardei-in which rf excitation is the only power source), as well as the injection of extra plg
means of filaments or other electron sources.

glow disc
(GDS) gl

ow_discharge operated in_a current/voltage regime in which an increase in_current is accompa

u:rge, normal

the

P via
ized

hied

blow discharge devices used for surface chemical analysis are usually operated in the abnormal mode, rather

I the

the

with
sma

hied

by little or no detectable change in voltage

cf. glow discharge, abnormal

NOTE

Glow discharge devices used for surface chemical analysis are not usually operated in the normal mode. This

is because a portion of the exposed sample surface remains unsputtered and signal intensities may be unacceptably
weak. Such devices are usually operated in the abnormal mode.

42
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5.232

glow discharge, pulsed
(GDS) glow discharge in which one or more of the discharge operating parameters are intentionally varied in
time in order to provide improved analytical performance

NOTE 1

-1:2010(E)

The most common pulsed glow discharge involves modulation, in accordance with a square-wave or similar

function, of the electrical power maintaining the plasma. However, other forms of pulsed glow discharge are possible.

NOTE 2  Both pulsed-dc and pulsed-rf glow discharges have been devised.

5.233

glo
glo
(GO
dire

NOT
speq
NOT

sam

5.23

gold decoration

(XPB) a method whereby a very small quantity of gold, deposited as unconnected islands on an
usefl for charge referencing

cf. gdventitious carbon referencing, internal carbon referencing

NOTE 1 The gold may be deposited by evaporation or by immersion of the surface in a solution tha
collgidal gold deposit.

NOTE 2  The binding energy for the Au 4f%,; peak is often taken as 84,0 eV, although measured values g
enelgy for gold deposited on a conducting(substrate vary with the average gold island diameter.

5.235

grazing exit

glampcing exit

geo
to th

NOT

5.23

discharge source, jet-assisted

discharge source, jet-enhanced
S) glow discharge device incorporating a means of directing high-velocity jets of plasma-
Ctly towards the sample surface, intended to provide enhanced analytical signals

E1 This form of glow discharge device has been used predominantly for glow, discharge atom

E2  Jet-enhanced glow discharge devices find little use for depth profiling because the craters fqg
ple surface are not usually flat.

4

Mmetrical arrangement inwhich the angle of the scattered (or emitted) particles is near 90° from
e sample surface

6

gra

geo

gIaTTc:ing incidence

ring incidence

etrical arrangement in which the angle of the incident particles is near 90° from the normal to

support gas

c absorption

trophotometry. The jets enhance atomic absorption by aiding the transport of sputtered material fronp the sample
surface into the region of the negative glow in which light absorption is measured.

rmed on the

insulator, is

produces a

f this binding

the normal

E This caenfigaration generally results in improved surface sensitivity and can also improve depth resolution.

the sample

surface

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

5.237
hole
electronic vacancy in an atom, molecule or solid

5.238
hole state
electronic configuration of an atom, molecule or solid containing a hole
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5.239

image depth profile
three-dimensional 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 sputtering

[ASTM E67

5.240

3-0301]]

impact energy per ion
kinetic energy of the beam particles on impact

cf. impact ¢nergy

5.241
incident-p
kinetic en

rticle energy
rgy of a particle incident on the sample surface

cf. beam energy, impact energy

NOTE )
confusion, th|

5.242
inelastic el
(AES, XPS

cf. inelastig

NOTE i
peak has be
close to the ¢
function is th
except for th

5.243

g

[he incident energy can also be expressed per atom for an incident atomiccluster; however, to
e phrase “per atom” should then be used.

lectron scattering background subtraction

process for subtracting a chosen inelastic scattering background from the measured spectru
background, Shirley background, Tougaard background

or AES and XPS, the inelastic background associated with a particular Auger electron or photoele
en approximated by a measured electron energy loss spectrum for which the incident-electron ener

energy of the peak. The Tougaard background is also used. A simpler, but less accurate, inelastic backgr

b XPS analysis of insulators.

inelastic

an free path, electron

average digtance that an electron with a-given energy travels between successive inelastic collisions

cf. attenua

5.244
inelastic sq
interaction
total kinetic

NOTE 1 h
phonon exci

ion length

tattering
petween a maving energetic particle and a second particle or assembly of particles in which
energy is\not conserved

inetic\energy is absorbed in solids by various mechanisms, for example inner-shell ionization, plasmon|
ation“and bremsstrahlung generation. These excitations usually lead to a small change in direction o
le

void

m

tron
gy is
pund

e Shirley background. Simple linear backgrounds have also been used, but these are much less accyrate

the

and
f the

moving parti

NOTE 2

In particle collisions, the collision can be elastic in that the kinetic energy of the particles is conserved, but

energy can still be lost by the incident particle. In the scattering of electrons by atoms, the energy lost is usually very small

and is often i

5.245

gnored. Where it is not ignored, the scattering is often termed quasi-elastic (see elastic peak).

information area

area of are

NOTE 1

gion in the plane of the surface from which useful information is obtained

95 % or 99 %) of the detected signal originates.

44

The information area can be identified with the minimum surface area from which a specified percentage (e.g.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=2caa0e276937de33dce349961224fd73

ISO 18115-1:2010(E)

NOTE 2 The information area can be determined from a measured, calculated or estimated measure of the signal
intensity as a function of position on the sample surface.

5.246
information depth
maximum depth, 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 the
instrument configuration.

NO { mlilo) Tl H 3 N ol Ll b HA| FH DA | HT 1 1 I | £ Lok ifiadl t
= Z e o atorT GCPtTCarT OCTaCTTtC U Wit U 1e Sa ipPre— tMCRCSS— T O wWitCiT a SpPCUmeU— et ten age eg

95 % or 99 %) of the detected signal originates.

NOTE 3 The information depth can be determined from a measured, calculated or estimated emission depth
distfibution function for the signal of interest.

5.247
infdrmation radius
maximum radius of a circular region, in the plane of the surface, from which useful information is optained

NOTE 1 This definition is useful only for surface analyses of a homogeneousisample and for either norma| incidence of
the primary beam or normal detection of the signal particles, in which it is expected that the signal intensity|as a function
of ppsition on the surface will depend only on the radial distance from théaxis of symmetry. If these conditions are not
met] it is more appropriate to make use of the information area.

NOTE 2  The information radius can be identified with the radius*within which a specified percentage (e.g. 95 % or
99 %) of the detected signal originates.

NOTE 3 The information radius can be determined from a measured, calculated or estimated measure |of the signal
intensity as a function of radius.

5.248
initial state
(AE[S, EPMA) core-hole excited state of:an atom prior to an Auger transition or to X-ray emissior

5.249
initial state
(XP[S) ground state of an atom prior to photoelectron emission

5.250
insfrumental detection‘efficiency
ratig of the quantity~of a detected event to the quantity of that event available for measurement

5.251
intensity, peak
measure 'of signal intensity for a constituent spectral peak

NOTE fntensity s usuatty measuredfor quantitative purposes which, for direct etectron spectra or for mass spectra,

could be the height of the peak above a defined background or the peak area. The units could be counts, counts-eV,
counts per second, counts-eV per second, counts per amu, counts per second per amu, etc. For differential spectra, the
intensity could 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.

5.252

intensity, signal
strength of a measured signal at a spectrometer detector or after some defined processing
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NOTE 1

signal and, further, between the points of detection and display on the measuring instrument.

NOTE 2

The signal intensity is subject to significant change between the points of generation and detection of the

The signal intensity can 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 might 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 could be current-eV-1-sr-1 or
current-amu-1-sr-1. If the spectrum has been normalized to unit primary-beam current, the appropriate units would be

eV-1.sr-1 or

amu-1.sr—1. If the spectrum has also been integrated over the emission solid angle. the appropriate

nits

would be eV

5.253
interface
boundary b

5.254

-1 or amu-1.

btween two bulk phases having different chemical, elemental or physical properties

interface width, observed

(AES, XPS

SIMS) distance over which a 16 % to 84 %, or 84 % to 16 %, change’ in signal intensit

measured at the junction of two dissimilar matrices, the thicknesses of which.aré” more than six times

distance

NOTE 1

5.255
interfacial
volume bet)
phase

5.256

interferenc
(mass spe
position of i

NOTE In
other unwan

5.257

internal ca
(XPS) meth
experiment
standard bi

[he change in signal intensity should be quoted with the observed interface width.

Fegion
veen two bulk phases having chemical, elementalsor physical properties different from either

e signal
ctrometry, optical spectroscopy, TXRF) signal, measured at the mass, energy or wavele
hterest, due to another, undesired/species

general laboratory use, interference could be used more broadly to indicate electrical noise, line pick-y
ed contributions to the detected signal.

bon referencing

od by which the-charging potential of a particular sample is determined from a comparison o
blly determined €/1s binding energy arising from a specific carbon group within the sample wi
nding energyyvalue for that carbon group

cf. adventifious carbon referencing, Fermi level referencing

NOTE A

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

y is
that

bulk

ngth

p or

the
th a

5.258

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

5.259
ion beam

directed flux of charged atoms or molecules

[ASTM E67

46
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5.260
ion beam induced mass transport
movement of atoms in a sample caused by ion bombardment

5.261
ion beam ratio

(GDMS) intensity of the analyte ion divided by the intensity of the matrix ion, both corrected for isotopic
abundance

5.262
ion image
S) two-dimensional representation of the spatial distribution of the amount of a particular seclondary ion

avefage time that an ion exists in a particular electronic configuration, for example as a vacancy in|a particular

(IS, SIMS) charge exchange process in which:an ion loses its charge through interactions with a material

(IS§) instrument capable of generating a primary beam of principally monoenergetic, singly charged,
low{energy ions and determiningsthe energy distribution of the primary ions that have been scattered from a

NOTE For applications in surface chemical analysis, the primary ions are commonly of rare-gas atoms with energies

(ISY) plot'of the intensity of ions, scattered from a sample, as a function of the ratio of the sclattered-ion

5.268

ion species

type and charge of ion
EXAMPLES Ar*, O~ and H,*.

NOTE If an isotope is used, it should be specified.
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5.269

ion yield, fractional

ratio of the number of ions of a particular species sputtered from a sample to the total number of particles of
that species sputtered from that sample

cf. fractional sputtering yield, partial sputtering yield

5.270

ion yield, negative

ratio of the total number of negative secondary ions sputtered from a sample to the total number of incident
primary particles

cf. fractiongl ion yield, partial ion yield, total ion yield

5.271
ion yield, positive
ratio of the [total number of positive secondary ions sputtered from a sample to the total,number of incigent
primary particles

cf. fractional ion yield, partial ion yield, total ion yield

5.272
ion yield, useful
(SIMS) ratip of the number of ions of a particular isotope detected to the\total number of atoms of the spme
element splittered from the sample

5.273
ionization efficiency
ratio of the pumber of ions formed to the number of electrons;iions or photons used in an ionization proces

[2]

[IUPACI]]

5.274
ionization, [electron impact
(GDS) ionization resulting from collision of .an.atom, molecule or ion with an electron

NOTE 1 For example, M + e~ — M* +,e%,_where M* is a transition metal ion.

NOTE 2  Hlectron impact ionization.is possible only if the kinetic energy of the relative motion of the collision pariners
exceeds the|difference between_(1)-the product of the magnitude of the electronic charge and the ionization potential of
the particle t be ionized and (2)the potential energy of that particle prior to collision.

NOTE 3 Ih a glow discharge used for surface chemical analysis, electron impact ionization usually accounts for a
large fractior] of the total ionization occurring in the plasma. Therefore, it is a very important physical mechanism for glow
discharge njass spectrometry.

5.275
ionization, Pemmring
(GDS) ionization resulting from collision with an atom that is in an electronically excited state

NOTE 1 For example, Arms + M — Ar + M*, where Arms is a metastable Ar atom and M is a transition metal.

NOTE 2  Penning ionization is possible only if the sum of the excitation potential of the excited-state atom and the
kinetic energy of the relative motion of the collision partners exceeds the difference between (1) the product of the
magnitude of the electronic charge and the ionization potential of the particle that is to be ionized and (2) the potential
energy of that particle prior to collision.

NOTE 3  The probability of Penning ionization is directly related to the excited-state lifetime of the excited-state collision
partner. For this reason, Penning ionization usually occurs through collisions with metastable species.
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In a glow discharge used for surface chemical analysis, Penning ionization is usually an important ionization

mechanism, owing to the fact that the metastable energy levels of Ar, the discharge gas most commonly employed, lie

sufficiently above the ionization potentials of most atomic analytes.

5.276
jump ratio

(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
thresholds, and a well-defined edge is not always observed at the threshold.

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

NOTE

kingtic energy
enefgy of motion

sion in the

ISS or RBS
red since the

NOTE The energy of a charged particle due to motion is not necessarily constant and varies with the
potential. If all local electrodes are at ground potential, the kinetic energy of the particle varies with the local

This| vacuum level may vary over a range of 1 eV in different redgions of AES and XPS instruments and mea

local electric
cuum level.
red electron

s
enelgies may similarly vary. This variation is removed if thexkinetic energies are referred to the Fermi Iev;’F In XPS, by

conyention, the Fermi level is always used but in AES-both vacuum and Fermi level referencing a
Instjluments capable of both AES and XPS are Fermiclevel referenced. Fermi level referencing is recor
accyrate measurements of energies in AES. In electron spectrometers, Fermi level referenced energies
4.5 ¢V greater than those referenced to the vacuum.level. It is convenient in AES to assume a standard vac]

tomic mixing; cascade mixing, collision cascade

NOT
prim

E
ary bombardment) whereas cascade mixing refers, in addition, to the backward movement of these atom

re practised.
nmended for
are typically
uum level of
evel, can be

JThevknock-in process refers only to the forward movement of the constituent atoms (in the direction of the

b.

5.280

Koopmans energy

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

by electronic relaxation
[ASTM E673-03[]
5.281
Langmuir-Blodgett film

LB film
film comprising one or more monolayers of organic molecules
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NOTE The films are transferred from the surface of a liquid bath onto solid substrates and by repeated immersions
many layers may be deposited. Control of the liquid surface tension during this process allows the molecular density of the
monolayers to be controlled.

5.282

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 The line is most often an x- or y-linescan from a rectangular raster but, in more sophisticated systems, might
be in any arh itlaly direction:

5.283
linear cascade

linear coIIiIion cascade
dilute collision cascade in which the number of atoms set in motion by an energetic primary particle is
proportiona| to the amount of recoil energy deposited in the material

cf. spike, thermal spike

NOTE The sputtering of solids by monatomic primary ions in the energy range . below 20 keV, usually used for
surface analysis, is often assumed to be described by a linear collision cascade.

5.284
lineshape
measured ghape of a particular spectral feature

5.285
lineshape, [intrinsic

lineshape, [natural

(AES, UPS| XPS) lineshape of a spectral feature afterremoval of all instrumental contributions

NOTE 1 A background might or might not be removed from the lineshape of interest, depending on the circumstarjces.
The procedufe for determination of the intrinsic lineshape might be complex and should therefore be clearly stated.

NOTE 2 In AES, a background due to inelastic scattering, secondary electrons or backscattered electrons might
be removed.|See inelastic background, Sickafus background.

NOTE 3 Ih XPS, a background due’/to other photoemission processes and to inelastic scattering processes i) the
sample might be removed. See inelastic background.

5.286
linewidth, intrinsic
linewidth, natural

(AES, UPS| XPS), full width at half maximum intensity of a spectral feature for a particular transition after
removal of {he‘background and all instrumental terms including the contribution of the exciting source

NOTE The measured linewidth is determined from the measured lineshape which is a convolution of the intrinsic
lineshape with broadening contributions of the sample and of the instrument (for example, the linewidth of the X-ray
source in XPS and spectrometer energy resolution in both AES and XPS).

5.287
linewidth, intrinsic
(instrument) See resolution of a spectrometer.

5.288

liquid-metal ion gun

LMIG

ion gun utilizing a liquid-metal Taylor cone as the source of the primary ions
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NOTE The Taylor cone generates ion sources of very high brightness. This design enables the gun to provide beam
diameters in the range 50 nm to 1 ym for ion beam energies in the range 5 keV to 30 keV, the lowest diameters

generally being at the higher energies.

5.289

map

image (deprecated)

two- or three-dimensional representation of the sample surface where the information at each

point in the

representation, given by a brightness or colour or as a length in a third dimension, is related to the output

signal from a detector or processed intensity information from the available software

5.290
mai, chemical

mapp using signals proportional to the quantity of an element in a particdlar chemical state in the sa

5.291
map, elemental
mam using signals proportional to the quantity of an elementpresent in the sample

5.292
masgs accuracy
sysfematic deviation of a measured mass from a reference value for that mass

NOTE In practice, this accuracy can be expressed as a fractional error (i.e. the ratio of the mass error tg
whidh that error is established) or as an absolute error (i.e. the mass error at a particular mass). Most cq
fracfional error is used and is expressed in/parts per million. This fractional error is the relative mass accurag

5.293
mass accuracy, relative
quotient of the mass accuracy’and the mass relevant to that accuracy value

NOTE In practice, this-accuracy can be expressed, as for mass accuracy (see the Note in 5.292), as a fra
oftem expressed in parts“per million, or as an absolute error (the mass accuracy or the mass error at a part
Most commonly, the.relative mass accuracy is used.

5.294
mass analyser
dev|ce fordispersing and detecting particles as a function of their mass-to-charge ratio

).
j an imaging
imum signal

le should be

mple

the mass at
mmonly, the
y.

ctional error,
icular mass).

5.295
mass spectrum
plot of the measured particle signal as a function of particle mass-to-charge ratio

5.296
mass-to-charge ratio
modulus of the quotient of the particle mass in u and the particle charge in units of electronic charg

5.297

matrix effects

change in the intensities or spectral information per atom of the analyte arising from change in the
physical environment
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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 the proximity
of other physical phases or chemical species.

5.298

matrix factor

factor, arising from the composition of the matrix, for multiplying the quotient of the measured intensity and
the appropriate sensitivity factor in equations to determine the composition using surface analytical techniques

cf. average matrix sensitivity factor, pure-element sensitivity factor

NOTE Ipmethods such as AES, the matrix factor s determined i part by the composttion of the sub-surface material

and in part by the composition of the analysis volume in the sample.

5.299
mean free path, transport

e

average didtance that an energetic particle must travel before its momentum in its initial direction of motign is
reduced to [I/e of its initial value by elastic scattering alone

cf. inelasti¢ mean free path
NOTE fFor a homogeneous and isotropic solid, in which only binary elastic scattering occurs, the transport mean
free path is rglated to the transport cross section, g, by
Natr

where N is tHe number of scattering centres per unit volume.

5.300
metastablg ion
ion that spagntaneously fragments between emission-and detection

cf. backgrqund, metastable
NOTE 1 In general, metastable ions havera.lifetime of less than 1 ps.

NOTE 2  Ih reflectron time-of-flight mass spectrometers, the decay of metastable ions leads to broad peaks |at a
mass dependlent on the drift energy and reflector voltage. Good design minimizes these background signals.

5.301
modulation
(AES, diffefential speetfum) periodic waveform added to the spectrometer pass energy or applied to| the
sample in ofder to.generate a display of the differential spectrum

NOTE The_amplitude of the modulation should be given as eV peak-to-peak, thereby including any relgvant
geometrical ta k k_The AL also
be given.

5.302

molecular fragment
ion or neutral particle that was part of a larger molecular structure and contains information about that
structure

5.303
molecular image
image of a surface formed from ions characteristic of a particular molecule

cf. static limit
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5.304

molecular ion

ion formed by the removal from (positive ions) or addition to (negative ions) a molecule of one or more
electrons without fragmentation of the molecular structure

[IUPACI3]]
cf. deprotonated molecular ion, protonated molecular ion

NOTE Protonated and deprotonated molecular ions are often of greater intensity than the molecular ion.

5.305
molecular ion, deprotonated
molecular ion that has lost a proton to form a negative ion

5.306
moEcuIar ion, protonated
molecular ion that has gained a proton to form a positive ion

5.307

monolayer
(chemisorption, physisorption, segregation) complete coverage of a Substrate by one atomic gr molecular
laygr of a species

NOTE The term monolayer commonly indicates that all elementary units of the adsorptive or segregated atoms or
molgcules are in contact with the surface, unlike those in multilayers.

5.308

monolayer capacity
(chemisorption) amount of adsorbate which is needed to occupy all adsorption sites as determjned by the
strugture of the adsorbent and by the chemical nature of the adsorptive

[Appendix to Manual of symbols and terminology for physico-chemical quantities and units(]]
5.309
monolayer capacity

(physisorption) amount of adsorbate which is needed to cover the surface with a complete monolayer of
atorhs or molecules in a close-packed array

[Appendix to Manual of'symbols and terminology for physico-chemical quantities and unitsl”]]

NOTE The type.of close packing needs to be stated.

5.310

multilayer.
strugture.composed of two or more chemically distinct layers

cf. delta layer

NOTE This term is often applied to solid samples in which the layers are very uniform in thickness and for which the
layer thicknesses are in the range 1 nm to 100 nm.

5.311

multilayer

(chemisorption, physisorption) coverage of a substrate surface by more than one atomic or molecular layer of
the adsorptive or segregated species

cf. monolayer
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5.312

multiplet splitting

(AES) splitting of an Auger electron line into two or more components, caused by the interactions of the
atomic vacancies created by the Auger process

5.313

multiplet splitting

exchange splitting

(XPS) splitting of a photoelectron line caused by the interaction of the unpaired electron, created by
photoemission, with other unpaired electrons in the atom

[ASTM E67B-03[]

5.314
negative glow

glow region| (deprecated)
(GDS) regipn of a glow discharge from which most light is emitted and from which analytical signalg for
surface chgmical analysis are usually derived

cf. cathode layer, positive column, anode glow

5.315
noise
time-varying disturbances superimposed on the analytical signal with fluctuations, leading to uncertainty in the
signal intepsity

NOTE 1 An accurate measure of noise can be determined from thestandard deviation of the fluctuations. Visupl or
other estimales, such as peak-to-peak noise in a spectrum, might be useful as semi-quantitative measures of noise.

NOTE 2 The fluctuations in the measured intensity can arise from a number of causes, such as statistical noise| and
electrical intgrference.

5.316
noise, statistical
noise in the spectrum due solely to the statisties of randomly detected single events

NOTE 1 For single-particle counting systems exhibiting Poisson statistics, the standard deviation of a large numbgr of
measures of[an otherwise steady count rate, N, each in the same time interval, is equal to the square root of N.

NOTE 2 In multidetector systems, the data processing required to generate the output spectrum might lead to
statistical cofrelation between adjacent channels and also an apparent noise in each channel that is less than Poissonjan.

5.317
nominal mass
particle mass, in unified atomic mass units, u, rounded to the nearest integer

5.318
oligomer melesule
molecule of intermediate relative molecular mass, the structure of which essentially comprises a small plurality
of units derived, actually or conceptually, from molecules of lower relative molecular mass

[IUPACI3]]

NOTE 1 A molecule is regarded as having an intermediate relative molecular mass if it has properties which vary
significantly with the removal of one or a few of the units.

NOTE 2 If a part or the whole of the molecule has an intermediate relative molecular mass and essentially comprises a

small plurality of units derived, actually or conceptually, from molecules of lower relative molecular mass, it can be
described as oligomeric or by the term oligomer used adjectivally.
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5.319

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

5.320
orbital energy
(XPS) Koopmans energy corrected for intra-atomic relaxation

[ASTM E673-03(["]]

5.3i1
ovefrpotential

(AEB) ratio of the electron beam energy to the binding energy of a particular shell orisub-shell offan atom

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

partial intensity
(AEER, EPES, REELS, XPS) total number of electrons in ancelectron spectrum, originating from a given Auger
transition or photoelectric transition, or associated with primary electrons backscattered from a gurface, per
unit|of excitation or of backscattering, that reach the detector after participating in a given number of inelastic
intefactions of a given type

NOTE 1  The zero-order partial intensity is the number of electrons, originating from the peak of interest in the spectrum,
that|reach the detector without any inelastic interaetion in the solid or the vacuum. This intensity is the arpa under the
phofoelectron or Auger electron peak of interest or under the peak corresponding to the elastically b3gckscattered
eledtrons.

NOTE 2 In a solid, an electron canexperience different types of inelastic scattering, such as those aspociated with
volume or surface effects. The inelusion or exclusion of specific types of inelastic scattering in calculatigns of partial
intensities should be stated.

5.32
pass energy

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

5.326

peak area

area under a peak in a spectrum after background removal

cf. inelastic electron scattering background subtraction, signal intensity

NOTE The peak area can be expressed in counts, counts per second, counts-eV, counts-eV per second, counts per
amu or other units.
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5.327

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

NOTE 1
constituent p

NOTE 2

NOTE 3

eaks obtained by peak synthesis.

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

The energy value may relate to the peak envelope for a group of overlapping peaks or to the positions of

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

spectrum.

5.328
peak fitting
a procedurg
NOTE 1 A

NOTE2 1
adjustment p

5.329

peak synthesis

curve resol

a procedurg¢ whereby a synthetic spectrum is generated, using eithernmodel or experimental peak shape

which the n
the backgrg

cf. peak fitfing

NOTE )
5.330
peak-to-ba
signal-to-
ratio of the
intensity

NOTE1 S
background

NOTE2
often determ

5.331
peak width
line width (q

whereby a spectrum, generated by peak synthesis, is adjusted to match a measured spectru
least-squares optimization procedure is generally used in a computer programme for.this purpose.

'he selected peak shape and the background shape should be defined. Any(constraints imposed or
rocess should also be defined.

ing (deprecated)

umber of peaks, the peak shapes, the peak widths, the-peak positions, the peak intensities
und shape and intensity are adjusted for peak fitting

'he selected peak shape and the background shiape should be defined.

kground ratio
ckground ratio
maximum height of the peakfabove the background intensity to the magnitude of that backgrd

gnal-to-background ratio.is the more commonly used term for GDS, where it is abbreviated to SBR. Pea
atio is the more commonly used term for types of electron spectroscopies such as AES and XPS.

[he method oféestimating the background intensity needs to be given. For AES, the background intens
ned at a kinetic energy just above the peak of interest.

eprecated)

m

the

5, in
and

und

k-to-

ty is

width of a p

eak at a defined fraction of the peak height

cf. intrinsic linewidth

NOTE 1

NOTE 2

NOTE 3

Any background subtraction method used should be specified.

The most common measure of peak width is the full width of the peak at half maximum (FWHM) intensity.

half maximum intensity.

56

For asymmetrical peaks, convenient measures of peak width are the half-widths of each side of the peak at
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5.332

photoelectric effect

interaction of a photon with bound electrons in atoms, molecules and solids, resulting in the production of one
or more photoelectrons

5.333

photoelectron X-ray satellite peaks

photoelectron peaks in a spectrum resulting from photoemission induced by characteristic minor X-ray lines
associated with the X-ray spectrum of the anode material

[ASTM E673-03["]]

EXAMPLES Ko/, Ko 4, Lo g and KB are all minor X-ray lines.

5.334
phgtoelectron X-ray satellite subtraction
remjoval of photoelectron X-ray satellite peaks from a spectrum

[AS[TM E673-03[]

NOTE For unmonochromated Al and Mg X-rays, the satellites usually rémoved are Koy, and |Kosg. More
sophisticated subtraction methods also remove the Koy, Ko and Kj satellites.

5.335
phgtoemission
emigsion of electrons from atoms or molecules caused by the photoelectric effect

[AS[TM E673-03[1]

5.336
pileup
(EIA, RBS) counts in a backscattering spéectrum arising from two or more separate events that occur so
closely in time that the signals are not resolved by the detection system and cause counts to be [recorded in
errgneous channels

cf. dead time

5.337
plagsma
(GOS) gas consisting,of.ions, electrons and neutral particles

NOTE Gasesareweakly ionized in glow discharge.

5.338

plagma potential

spage petential (deprecated)

(GOS)-¢electric potential of plasma relative to an appropriate reference such as ground potential

NOTE The plasma potential of direct current glow discharge varies with location in the plasma. The plasma
potential of an rf glow discharge varies with both location in the plasma and time, according to the phase of the rf
excitation.

5.339

plasmon

bulk plasmon

volume plasmon

excitation of valence-band electrons in a solid in which collective oscillations are generated

cf. characteristic electron energy losses
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NOTE 1 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.

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

NOTE3  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. When the term plasmon is used without a
qualifier, the term refers to the bulk plasmon. Occasionally, interface plasmons can 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.

5.340
polyatomig fragment
ion or neutrpl particle composed of three or more atoms

5.341
polyatomig ion
charged mylti-atom species

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

5.342
positive cglumn
(GDS) diffuge, luminous region of glow discharge between the Faraday)and anode dark spaces

cf. cathodé€| layer, negative glow, anode glow

NOTE The positive column is usually absent in glow discharge devices operated for surface chemical analysis, owing
to the gas pressure and the small separation between the electrodes:

5.343
post-acceltration detector voltage
post-acceleration voltage

voltage applied to the front of the detector to increase the impact energy of incident electrons or ions

NOTE oltages are often referred to reference points in the instrumental electronics but here the reference zefo is
such that a post-acceleration detector voltage of 5 kV leads to an impact energy of 5 keV, etc. Post-acceleration detector
voltages of 5/kV to 20 kV are generally used.

5.344
preburn
presputtering period

(GDS, bulk [materials) period during which preburning occurs

NOTE 1 FPreburningis used for stabilizing the glow discharge. Typical preburn times for GDOES range from 3Q s to
60 s, while tHosedor’ GDMS can be much longer.

NOTE 2 Gtow disctharge conditions used for preburmare usuatty iaenticat to those empioyed during signaf registration.
However, for some applications, they might be different.

5.345

preburning

presputtering

(GDS, bulk materials) process of sputtering, prior to signal registration, employed to allow steady-state
sputtering to be established and analytical signals to stabilize

NOTE Preburning is used for stabilizing the glow discharge.
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5.346
primary electron
electron extracted from a source and directed at a sample

cf. secondary electron

5.347

primary electron

(GDS) electron that enters the negative glow region from the cathode dark space, having been accelerated
by the strong electric field within the cathode dark space, thereby having a kinetic energy that is among the
highest of the kinetic energies of any electrons present within the plasma

cf. Jecondary electron (GDS)
NOTE This term is defined differently for AES, EPMA and SEM.

5.348
primary ion
ion extracted from a source and directed at a sample

cf. probe ion, secondary ion

5.349

prope ion
ioni¢ species intentionally produced by an ion source and directed onto the sample surface at a known angle
of incidence and a known energy

5.350

profile, depth
profile, vertical
chemical or elemental composition, signal intensity or processed intensity information from the available
software measured in a direction normal to the'surface

cf. gpompositional depth profile

5.351
profile, lateral
chemical or elemental compasition, signal intensity or processed intensity information from the available
softvare measured in a specified direction parallel to the surface

cf. Ijne scan

5.352

projected range
(EIA, RBS;-SIMS) distance from the surface at which an energetic ion or atom comes to rest in fhe 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 the same energy.

5.353

protonated ion
parent molecule to which a proton has been added to form a positive ion
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5.354
pulse rate

(SIMS) number of ion pulse cycles per second

cf. repetition rate

5.355

pulse width
(SIMS) full width at half maximum of the time distribution of the pulse of ions generated by the beam chopper
and, optionally, the use of beam bunching

NOTE

5.356
pulsed ext
(SIMS) ext

necessary f

NOTE

5.357
quantitativ
determinati
NOTE 1

NOTE 2

;
larger than f
extraction pu

:
neutralizatig
extraction fig

1

1

'he pulse width is usually measured using the H* ion. The velocity of H* ions, for a given extraction fie
or other ions. The width in time of the H* pulse thus provides a more reliable value for the width™o
Ise.

raction field

action field around the sample that is pulsed to the working value for extracting ions for the
or operation of a time-of-flight mass spectrometer but is otherwise at a low value

n is established whilst the extraction field is off, or for depth profiling using a second ion beam whils
d is off.

e analysis
bn of the amounts of analytes detected in a sample
[he analytes can be elemental or compound in nature.

[he amounts can be expressed, for example, as-atomic or mass percent, atomic or mass fraction, mo

mass per unit volume, as appropriate or as desired.

NOTE 3
in the interpr,

5.358
radial sect
sample pre

below the g
on the surfg

cf. angle la

radiation-i
atom move

1

[he sample material might be inhomogeneous so that a particular model structure might need to be assu
btation. Details of that model need to be stated.

oning

paration in which a sample is polished by a cylinder in order to expose compositional char
riginal sample surfaece-with the intent that the depth of these layers can be related to the pos
ce created by the-cylinder

pping, ball ctatering

hanced diffusion
duced diffusion

d, is
the

ime

[his is the usual mode in time-of-flight SIMS systems either for studying:insulators, where the charge

t the

e or

med

ges
tion

beam damage or bombardment-induced defects

[ASTM E67

5.360
radical
free radical

3-031]

(deprecated)

molecular entity possessing an unpaired electron

NOTE 1

Molecular entities such as *CHs;, *SnH3 and CI* have formulae in which the dot symbolizing the unpaired

electron is placed so as to indicate the atom of highest spin density, if this is possible. Paramagnetic metal ions are not
normally regarded as radicals.
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NOTE 2 Depending upon the core atom that possesses the unpaired electron, the radicals can be described as
carbon-, oxygen-, nitrogen- or metal-centred radicals. If the unpaired electron occupies an orbital having considerable “s”

“n

or more or less pure “p” character, the respective radicals are termed o- or n-radicals.

NOTE 3  The adjective “free” is no longer used. The term free radical might in future be restricted to those radicals that
do not form parts of radical pairs.

5.361
radical ion
radical carrying an electric charge

NOT nen a negatively
charged radical is called a “radical anion” (e.g. the benzene radical anion CgHg®*~ or the benzophenone)fadical anion
Ph,€-O*-). Commonly, but not necessarily, the odd electron and the charge are associated with the same gtom. Unless
the positions of unpaired spin and charge can be associated with specific atoms, superscript dot and charge|designations
sh0]Id be placed in the order e+ or e— as suggested by the name “radical ion” (e.g. CsHg**).

5.362
rangom raster
digifal raster array in which the coordinates of sequential ion pulses filling a frame are random

NOTE 1 The coordinates may be addressed in the same “random” sequencetin‘each frame.

NOTE 2 A random raster, as opposed to a traditional or saw-tooth rasterycan be used for analysing insulgting samples
to rdduce the instantaneous accumulation of charge in any local region,

5.363

rawj-data file
unpfocessed-data file of information provided by an instrument

NOTE For time-of-flight SIMS instruments, this file usually contains the x- and y-coordinates of the ion |beam raster
addiess as well as_the recorded flight times and signal intensities since these files are used retrospectively to generate
secondary-ion maps or spectra from the whole or selected parts of the map, or to generate these from gl or selected
timel regions:

recoi
(EPES) effect resulting from the change in movement of a scatterer atom as a result of quasi-elastic electron
scattering

NOTE The energy shift and energy broadening of the quasi-elastic peak for a scattered electron beam due to
atomic recoil depend on the mass of the scatterer atom, the energy of the primary electrons and the scattering angle. In
addition, the energy broadening due to atomic recoil depends on the sample temperature. The quasi-elastic peak in EPES
for multicomponent materials contains contributions from each component. Recoil effects are most easily observable in
electron spectra taken at high energy resolution with low atomic number scattering atoms. Hydrogen can be directly
detected by its recoil shift.
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5.367

recombination

ion-electro

n recombination

(GDS) addition of an electron to an ion with a net positive charge, resulting in a net charge that is one

elementary

NOTE

charge unit more negative

Energy and momentum cannot be simultaneously conserved in an ion-electron recombination process that

involves the collision of only an ion and an electron and that releases no additional particles. For this reason,
recombination proceeds only through the involvement of a third collision partner, such as another electron or a surface, or
through the release of a photon.

5.368

recombination, radiative

(GDS) ion-

5.369
redepositic
deposition ¢

5.370
reference 1
RM
material or
established
assigning v

[ISO Guide

g
N

NOTE
homogeneoy
bulk. Examp
depth or thic

5.371
reference 1
CRM

L

lectron recombination involving the release of a photon

n
f sputtered sample material back onto the sample surface

haterial

substance one or more of whose property values are sufficiently homogeneous and
to be used for the calibration of an apparatus, for the assessment of a measurement method o
blues to materials

30:1992[8]]
ome RMs involving surface properties can be in the form of wafers or foils. For these, the material is
s for the property values across the surface but notih*the direction perpendicular to the surface and int

les are a) implanted silicon wafers to calibrate dopant levels and b) thin oxide layers on substrates to cali
ness in analytical depth profiling instruments

haterial, certified

reference material, accompanied by alcertificate, one or more of whose property values are certified

procedure
are expres
confidence

[ISO Guide

NOTE 1 q
limits by meg

NOTE2 A

vhich establishes its traceability to an accurate realization of the unit in which the property va

!

well
I for

bften
the
rate

by a
ues

sed, and for which each'certified value is accompanied by an uncertainty at a stated levegl of

30:199218]]

LRMs are usually prepared in batches for which the property values are determined within stated uncert
surements'en samples representative of the whole batch.

IL-CRMs lie within the definition of “measurement standards” given in the international vocabulaf
ONEC Guide 99091

hinty

y of

metrology, 19

NOTE 3

Some RMs and CRMs have properties which, because they cannot be correlated with an established

chemical structure or for other reasons, cannot be determined by exactly defined physical and chemical measurement
methods. Such materials include certain biological materials such as vaccines to which an international unit has been
assigned by the World Health Organization.
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5.372

reference method

thoroughly investigated method, clearly and exactly describing the necessary conditions and procedures for
the measurement of one or more property values, that has been shown to have accuracy and precision
commensurate with its intended use and that can therefore be used to assess the accuracy of other methods
for the same measurement, particularly in permitting the characterization of a reference material

[ISO Guide 30:1992(8]]

5.373

reflector voltage
(SINIS) voltage set on the reflector electrode of a reflectron mass spectrometer with the zero refefenced such
that|an ion emitted from the sample with an energy numerically equal to the reflector voltage-weuld just be on
the point of reflection or transmission by the reflector electrode

5.3714

reflectron
(SIVfS) time-of-flight mass spectrometer in which ions are reflected through anCangle approaching 180° in
order to reduce the flight time dependence on the particular energy of the ions

5.315

relative instrument spectral response function
RIS

(AER, SIMS, XPS) ratio of the spectrometer response function to the response function of g reference
insttument, or the average for several such instruments, as-a function of energy (AES, XPS, efc.) or mass
(SINIS)

NOTE The RISR can be used to relate spectra from *one instrument to spectra from another when Jusing similar
excifation sources and geometries.

5.3716

relative resolution of a spectrometer
(engrgy, mass or optical) ratio of the resolution of a spectrometer at a given energy, mass or wavelength to
that|energy, mass or wavelength

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

NOTE 2 It can be convenient to specify the relative energy resolution of an electron spectrometer, the felative mass
resglution of a mass spectrometer or the relative wavelength resolution of an optical spectrometer.

NOTE 3 In praglice, the relative resolution of a spectrometer can be deduced using a source with an enfission line of
known width, usually chosen to be as narrow as possible.

NOTE 4 Designs of spectrometer generally maintain the resolution either to be constant throughout the spectrum or to
be grapertional to the energy, mass or wavelength being scanned. For the former, the term resolution is useful whereas

f t lois ko Lot Lt | NPH £l
or (RertattertnetTreratveresSotdtoof eSOV POWCT 1S THOTC O SCTOT:

NOTE 5  The relative resolution is often expressed as a percentage.

5.377

relative sputtering rate

quotient of the sputtering rate of a sample and the sputtering rate of a reference sample sputtered under the
same conditions
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5.378

relaxation

process by which an atom, molecule or ion is transformed from a higher potential-energy state to a lower
potential-energy state

cf. relaxation, electronic
5.379

relaxation, electronic
relaxation resulting from the transition of an electron between energy levels, resulting in the release of energy

NOTE The energy release can result in the ejection of a photon or other particle.

5.380
relaxation gnergy
(XPS) energy associated with intra-atomic or extra-atomic electronic readjustment to the remayval of an atgmic
electron, sg as to minimize the energy of the final state of the system

[ASTM E6783-03["]]

5.381
relaxation gnergy, extra-atomic
screening gnergy

diminished [energy of an ionized atom in a solid due to coulombic attraction of electrons in the immediate
environmerit

5.382
repeat unit, polymer
smallest strjucture that, repeated many times, describes the miolecular structure of the polymer

5.383
repetition fate
(SIMS) ratg at which the whole cycle of primary-ionpulse, ion extraction, mass analysis and removal of $low
ions is repeated to build up a mass spectrumrin.a time-of-flight mass spectrometer

5.384
resolution,|energy
full width at[half maximum (FWHM) intensity of the measured energy distribution for monoenergetic particlg¢s

5.385
resolution,|lateral
distance, measured eithen in’the plane of the sample surface or in a plane at right angles to the axis of the
image-formjng optics, 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 can be realized as either (i) the FWHM of the intensity distribution from afvery
small emitting pomnt on the sample or (i) the distance between the o an b INtensity points In a line scan across a
part of the sample containing a well-defined step function for the signal relating to the property being resolved. These two
values are equivalent for a Gaussian intensity distribution. For other distributions, other parameters might be more
appropriate. Often, for a step function, the distance between the 20 % and 80 % intensity points or the 16 % and 84 %
intensity points in the line scan is used. The latter pair gives the two-sigma width for a Gaussian resolution function.

5.386

resolution of a spectrometer

spectrometer resolution

(energy, mass or optical) contribution of the spectrometer to the measured full width at half maximum (FWHM)
intensities of spectral peaks above their local backgrounds

cf. relative resolution of a spectrometer, resolving power of a spectrometer
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mass spectrometer or the wavelength resolution of an optical spectrometer.

NOTE 2

usually chosen to be as narrow as possible.

NOTE 3

It can be convenient to specify the energy resolution of an electron spectrometer, the mass resolution of a

In practice, the spectrometer resolution can be deduced using a source with an emission line of known width,

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.

cf. n
NOT

NOT
pow

NOT
widt

NOT
be p
for t

rgy, mass or optical) ratio of the energy, mass or wavelength to the resolution of the spec
energy, mass or wavelength

elative resolution of a spectrometer

E2 It can be convenient to specify the energy-resolving power.of ‘an electron spectrometer, the m
br of a mass spectrometer or the wavelength-resolving power of :an, optical spectrometer.

E 3 In practice, the spectrometer resolving power can besdeduced using a source with an emission
N, usually chosen to be as narrow as possible.

E4 Designs of spectrometer generally maintain.thie resolution either to be constant throughout the s

ne latter, the relative resolution and resolving power are more useful.

5.3

respnance reaction

(EIA) nuclear reaction that has a.narrow peak in the nuclear reaction cross section as a functio
the huclear reaction cross section at the peak being so much larger than the nuclear reaction crosg
adjgcent energies on either side of the peak that essentially all the particles detected from the
due|to the peak

[Ad

5.39

sample area'viewed by the analyser

two
can

9

pted from ASTME673-03("]]
0

dimensional region of a sample surface, measured in the plane of that surface, from which t
collect an analytical signal from the sample or a specified percentage of that signal

E1 The resolving power of a spectrometer is the reciprocal of the relative resolution of a spectrometef.

hoenergetic

trometer at

Bss-resolving

ine of known

pectrum or to

roportional to the energy, mass or wavelength being scanned. For the former, the resolution is a useful t¢rm whereas,

n of energy,
sections at
eaction are

he analyser

5.39

1

sample bias
potential applied to the whole or part of the sample, referenced to the potential of the sample holder

cf. sample voltage

5.392

sample charging
change in the electrical potential in the sample or on the sample surface caused by particle or photon
bombardment
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5.393

sample voltage

voltage of the sample referenced to ground
cf. sample bias

NOTE 1 The sample voltage can be pulsed or constant, depending on the type of instrument.

NOTE 2 For insulators, the sample voltage is assumed to be the same as that of the sample holder if an effective
charge neutralizing device is used.

5.394
scattered-ihn energy
(ISS) kinetic energy of a primary ion after a collision

NOTE Following binary elastic scattering, the kinetic energy of the primary or probe ion, Es, is given by:
) ) 1/2) 2
Eg=E({ [MO/(M0+M1)J cos¢9+[(M1/M0) —sinze}

where
Eg is the kinetic energy of the scattered probe ion;
Eg is the kinetic energy of the incident probe ion prior to scattering;
My is the mass of the probe ion;
M, is the mass of the target atom;

6 is the angle between the initial and final velocity_vectors for the probe ion, as determined from a common drigin
in the laboratory coordinate system, expressed,as-a value between 0° and 180°.

5.395
scattered-ipn energy ratio
(ISS) ratio gf the scattered-ion energy.to:the energy of the incident probe ion prior to a collision

5.396
scattered-ipn intensity, experimental
(ISS) measFred response of/the“energy filtering and detection system as a consequence of bombarding the
sample maferial with an ion beam, usually presented as the ordinate of an ion-scattering spectrum

5.397
scattered-ipn intensity, theoretical
(ISS) calculated intensity for the probe ions scattered into a specified solid angle at a given direction

NOTE F_gphmmmmg, the scattered.ion |nfnne|hj/ is-defined h\J/'

1;(6)=IgN;Fa;(do;1dQ2)0 AQ T

where
1(6) is the scattered-ion intensity from atoms of species i at a given angle of scattering, 6, in ions-s-1;
Iy is the intensity of incident probe ions, in ions-s—1;
N; is the number of scattering centres of species i per unit area of surface accessible to the incident beam,

in atoms-m—2;
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p; is the probability that the probe ion remains ionized after interacting with an atom of species i;

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

(do;/d)@ s the differential elastic scattering cross section for species i, taken at the angle for which scattering
is measured, i.e. the angular distribution of the scattered-ion intensity per unit flux of incident ions per
atom of species i, in m2.atom-"-sr-1;

AQ is the solid angle of acceptance, determined by the entrance of the filtering and detection system, in sr;

T is the fractional transmission of the analysing and detection system.

5.318

screening

response arising from the atom's electrons, causing an apparent reduction in the coulomb poteéntial of the
nucjeus

NOTE In IBA, when the incident ion is far from the target nucleus, the atom in which the.nucleus sits logks neutral to
the fon as a result of screening. The screening reduces the scattering cross section slightly from the Rutherford cross

secfion (about 1 % per 50 increase in the target atomic number for 2 MeV He). The effect becomes more pro
incrg

5.399
screéening function
(IBA) factor by which the Rutherford cross section is reduced@s a result of screening in a giver

secpndary cathode
(GOS) electrically conductive mask, containing an apérture, used to allow sputtering of an elec
confluctive sample surface in a direct-current glow discharge device

NOTE 1
cathpde and the surface of the sample within the aperture are exposed to the glow discharge. The seconda
held]at cathode potential, resulting in sputtering;of its surface. Some of the material sputtered from the secon
is dgposited on the insulating-sample surface within the aperture, causing that surface to become electricall
This|results in sputtering of the insulating sample.

When electrically non¢€onductive samples must be analysed, the secondary-cathode techniqu
| alternative to an rf glow discharge.

secpndary electron
eledtron, generally.eflow energy, leaving a surface as a result of an excitation induced by an incid
photon, ion or neutral particle

NOTE By~ Convention, electrons with energies <50 eV are considered as secondary electrons unle
spegified: Calculations of the energy distribution of the electrons emitted from a surface show that 50 eV is a
enelgy-to‘contain most of the electrons. The cut-off is artificial, and secondary electrons with energies greate

asingly uncertain as the energy decreases and, for LEIS, the cross section is no.lenger really well-knowny.

hounced and

situation

trically non-

The secondary cathode is placed in direct contact with the insulating-sample surface, and both the secondary

ry cathode is
dary cathode
y conductive.

e provides a

ent electron,

5s otherwise
useful cut-off
r than 50 eV

usudlly-exist This convention is not usually ohserved for GDS

5.402

secondary electron

(GDS) electron with a kinetic energy intermediate between the kinetic energies of primary and t
electrons, produced through ionization or incomplete thermalization of primary electrons

NOTE
context.
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5.403

secondary-electron yield
secondary-electron emission coefficient

)

(AES, EPMA) ratio of the total number of electrons emitted from a sample with energies less than 50 eV to the
total number of electrons incident at a given energy and angle of incidence

5.404

secondary-electron yield
secondary-electron emission coefficient
(GDS, SIMS) ratio of the total number of electrons emitted from a sample to the total number of particles

incident upgn the sample surface
NOTE Secondary-electron yield is sometimes given for a particular type of energetic incident particle suchias’Ar*.
5.405
secondarytelectron yield, total
o
(AES, EPMA) ratio of the total number of electrons emitted from a sample to the total number of elect
incident at a given energy and angle of incidence:
o=04n
where Jis the secondary-electron yield and 7 is the backscattering coefficient

cf. backscdttering yield, secondary-electron yield

NOTE )
with the term

5.406
secondary
ion ejected

5.407
secondary

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

ion
from a sample surface as a result of €nergy and momentum transfer from a primary ion

ion angular distribution

number of gecondary ions as a function’of angle of emission

5.408
secondary

ion energy distribution

number of gecondary ions as a function of their kinetic energy at a specified collection angle

5.409
secondary
ratio of the
energy, chg

ion yield
otal-number of ions sputtered from a sample to the total number of ions incident with a given
rge.and angle of incidence

5.410

segregation

partitioning
NOTE

5.411

of a species from one region to another as a result of kinetic or thermodynamic effects

Segregation is often observed at surfaces and interfaces.

selected-area aperture
(XPS, SIMS) aperture in the electron or ion optical system restricting the detected signal to a small area of the
sample surface

cf. optical aperture

68
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5.412

self-absorption

(GDOES) absorption of emitted light by a species, identical to the emitting species, positioned between the
emitting species and the optical detector

NOTE Self-absorption results in non-linear calibration curves. Further, it produces broadened spectral peaks
because the probability of photon absorption is at a maximum near the peak maximum.

5.413

self-assembled monolayer

SAM

film['one molecule Thick, covalently assembled on a surface

(GOOES) severe self-absorption that produces a local minimum of intensity near the centre of a spectral

sensitivity factor, absolute elemental
coefficient for an element by which the measured intensity for that element is divided to yield| the atomic
congentration or atomic fraction of the element present in the sample
cf. nelative elemental sensitivity factor

NOTE 1 The choice of atomic concentration or atomic fraction should be made clear.

NOTE 2  The type of sensitivity factor utilized should be appropriate for the equations used in the quantification process
and ffor the type of sample analysed, for example homogengous samples or segregated layers.

NOTE 3  The source of sensitivity factors should be-given to ensure that the correct matrix factors or othdr parameters

NOTE 4  Sensitivity factors depend on patameters of the excitation source, the spectrometer and the orieptation of the
sample to these parts of the instrument. Sensitivity factors also depend on the matrix being analysed, and in $IMS this has

(AER, XPS) coefficient, proportional to the intensity, calculated for an element in an average matrjx, by which
the Imeasured intensity for that element is divided in calculations to yield the atomic concentration or atomic
fraction of the element present in the sample
cf. gensitivity\factor, relative elemental sensitivity factor, pure-element relative sensitivity factor

NOTEA The choice of atomic concentration or atomic fraction should be made clear.

NOTE 2  The type of sensitivity factor utilized should be appropriate for the equations used in the quantification process
and for the type of sample analysed, for example homogeneous samples or segregated layers.

NOTE 3  The source of sensitivity factors should be given. Matrix factors are taken to be unity for average matrix
relative sensitivity factors.

NOTE 4  Sensitivity factors depend on parameters of the excitation source, the spectrometer and the orientation of the

sample to these parts of the instrument. The numerical values of the sensitivity factors can also depend on the method
used to measure the peak intensities.
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5.417
sensitivity factor, pure-element relative
PERSF

(AES, XPS) coefficient, proportional to the intensity measured for a pure sample of an element, by which the
measured intensity for that element is divided in calculations to yield the atomic concentration or atomic
fraction of the element present in the sample

cf. sensitivity factor, relative elemental sensitivity factor, average matrix relative sensitivity factor

NOTE 1 The choice of atomic concentration or atomic fraction should be made clear.

NOTE 2 he type of sensitivity factor used should be appropriate for the equations used in the quantification process
and for the type of sample analysed, for example homogeneous samples or segregated layers.

NOTE 3 he source of sensitivity factors should be given to ensure that the correct matrix factors or other paramgters
are used. Mdtrix factors are significant and should be used with pure-element relative sensitivity factors.

NOTE 4 ensitivity factors depend on parameters of the excitation source, the spectrometer and the orientation of the
sample to these parts of the instrument. The numerical values of the sensitivity factors can also.depend on the method
used to measure the peak intensities.

5.418
sensitivity factor, relative
RSF
(GDMS) coEfficient for an element by which the measured intensity of @ mass peak for that element, div|ded
by the meapured intensity of a mass peak for a matrix element, is multiplied to yield the mass fraction of|that
element in fhe sample divided by the mass fraction of the matrix element

NOTE or a given GDMS instrument, the relative sensitivity factors for all elements in the periodic table usually fall
within approkimately one order of magnitude, making semi-quantitative GDMS analysis possible without the use of
reference materials for calibration. However, quantitative GDMS’analysis requires the use of reference materials wfith a

matrix similaf to that of the sample in order to measure the-relative sensitivity factors for the elements of interest in| that
matrix using that particular GDMS instrument.

5.419
sensitivity factor, elemental relative
(AES, XPS| TXRF) coefficient proportionalto the absolute elemental sensitivity factor, where the condtant
of proportiohality is chosen such that the value for a selected element and transition is unity

NOTE 1 Elements and transitions ‘commonly used are C 1s or F 1s for XPS and Ag M, 5VV for AES.

NOTE 2 The type of sensitivity factor used should be appropriate for the type of sample analysed, for example
homogeneoys samples or segregated layers.

NOTE 3  The source of sensitivity factors should be given to ensure that the correct matrix factors or other paramegters
are used.

rs of the excitation source, the spectrometer and the orientation of the

factors-aise-depend-o 8 beirganatysed—and--SHIMSHhis has

NOTE 4  $ensitivity factors depend on paramete
sample to thése-parts
a dominating influence.

@

5.420

sensitivity factor, elemental relative

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

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

5.421

sensitivity factor, relative isotopic

(dynamic SIMS) coefficient for an element by which the measured intensity for an isotope of that element,
divided by the measured 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 energy and angle of incidence, as
well as the spectrometer operating conditions, all affect relative elemental sensitivity factors significantly.

5.422

shakeoff
(AER, XPS) multi-electron process in which two or more electrons are emitted, partitioning betwegn them the
excess kinetic energy

cf. ghakeup

NOTE Shakeup leads to peak structure at kinetic energies below that of a parent)peak whereas shakepff leads to a
confinuum background intensity, also at kinetic energies below that of the parent peak in the electron spectrum.

5.423

shakeup
(AER, XPS) multi-electron process in which an atom is left in an{excited state following a photoipnization or
Auger electron process, so that the outgoing electron has a characteristic kinetic energy slightly less than
that|of the parent photoelectron

cf. shakeoff

NOTE Shakeup peaks are usually observed within 10 eV of the parent peak. However, for gases where the
background is low, shakeup peaks have been identified at kinetic energies up to 100 eV less than that of the garent peak.

5.424

sheath
elegtrode sheath
(GOS) region of plasma adjacentto an electrode surface, characterized by a plasma potential that changes
withl distance from the electrode, being equivalent to the electrode potential at the electrode surface and
appfoaching the plasma potential of the surrounding plasma at sufficiently large distances

NOTE These termS-are usually applied to an rf glow discharge, though they can also be applied o a dc glow
discharge.

5.425
shejath potential

suface-chemical-analysis—thisterm-is 03 How-discharge—ratherthanlto a dc glow
discharge, for which terms such as cathode fall are much more commonly employed. However, sheath potential can also
be applied to a dc glow discharge.

5.426
shots per pixel
(SIMS) number of ion pulses incident at each pixel in an image for one raster frame

5.427
signal-to-noise ratio
ratio of the signal intensity to a measure of the total noise in determining that signal

cf. statistical noise
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NOTE

5.428
smoothing

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

mathematical treatment of data to reduce the apparent noise

5.429

spectator hole
hole state in the electronic structure of an atom that can be present during processes such as Auger
electron and X-ray photoelectron emission but is not created or destroyed in the process

5.430
spectrome
analyserd

ter dispersion
spersion

(energy or mass) quotient of the change in position, Ax, of the dispersed particles at the exit of an ahalyser or

a spectrom

5.431

spectrometer dispersion

analyserd
(opticaly qu
wavelength

5.432

spectrometer étendue

integral of t
to the analyj
NOTE )

5.433

spectrometer response function

quotient of
angle and g
parameter

cf. spectro
NOTE1 1
NOTE2 1
NOTE3 1
includes the
processing a

NOTE4 R

pter by the fractional change in particle energy, AE/E, or mass, Am/m

spersion
btient of the change in position, Ax, of the radiation at the exit of the spectrometer by the chang
AL

he product of the spectrometer transmission and an élement of area of a plane surface, no
ser axis passing through the centre of the analysis area, over that surface

'he units of étendue can be srrm2.eV, srrm2-amu or sr.m3.

the number of particles detected with-a spectrometer by the number of such particles per s
er interval of the dispersing paranteter available for measurement as a function of the disper
meter transmission function, spectrometer étendue

[he dispersing parameter.isicommonly energy, mass or wavelength.
[he units of transmission can be sr-eV, sr-amu or sr-m.

'he spectrometer response function is similar to the spectrometer transmission function or étendue
efficiencies) of all other components of the measurement chain, such as detectors and the elect
hd recording equipment.

or-some methods of quantitative analysis, the energy dependence of the response function is needg

order to use

5.434

mal

olid
s5ing

but
onic

bd in

ity constant is not necessarily important.

spectrometer transmission function
analyser transmission function

quotient of the number of particles transmitted by the analyser by the number of such particles per solid angle
and per interval of the dispersing parameter (e.g. energy, mass or wavelength) available for measurement as

a function o

f the dispersing parameter

cf. spectrometer response function

NOTE 1

72

The units of transmission can be sr-eV, sr-amu or sr-m.

retative—sensitivity factors—or-thesecasesafunctionisdetermined-whichsproportiomat-to-the—atrsolute

response function, where the proportional
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NOTE 2 Often, an incomplete use of the term occurs where just the solid angle of acceptance of the spectrometer, in sr,
or a fraction of the 2n solid angle of available space is given. This usage is deprecated, cf. solid angle of analyser.

NOTE 3  This term is often used incorrectly instead of spectrometer response function, which includes
from the detector and the signal-processing system.

5.435
spectrum, aligned incidence

contributions

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

planes of the sample that produce channelling

[AS

are jn rapid motion
cf. thermal spike

NOTE The term spike is usually applied to the region generated by a single primary particle. In SIMS
particle can often be a cluster ion.

5.438

spin coating
coajing of a thin layer of an organic material-deposited from solution, under the action of high-spe
on g flat substrate wetted by that solution

NOTE 1 Rotation speeds of about 4, 000 revolutions per minute are commonly used, producing films gen
than 100 nm.

NOTE 2  Some users place-a.drop of solution in the centre and some flood the whole sample, prior to th
rotafion that removes the solvent.

a direction

S, sputtering) limited region in space and time within which thedmajority of atoms in an irradiated material

this primary

ed rotation,

erally thinner

e high-speed

5.439

spim orbit splitting

spliting of p, d.0r f levels in an atom arising from coupling of the spin and orbital angular momentum

5.440

sputter depth profile

SD

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 other methods an ion beam might need to be added.
5.441

sputtering
process in which atoms and ions are ejected from the sample as a result of particle bombardment
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5.442

sputtering, equilibrium surface composition

steady-state surface composition produced by sputtering a homogeneous sample under non-varying
conditions

5.443

sputtering, preferential

change in the equilibrium surface composition of the sample which can occur when sputtering
multicomponent samples

5.444
sputtering [rate
quotient of the amount of sample material removed, as a result of particle bombardment, by time

cf. erosion|rate

NOTE The rate can be measured as a velocity, a mass per unit area per unit time, or some other measure of qugntity
per unit time
5.445

sputtering |yield
ratio of the pumber of atoms and ions sputtered from a sample to the total numper of incident primary particles

5.446
sputtering Jyield, fractional
ratio of the [number of atoms and ions of a particular species sputtered from a sample to the total number of
atoms and jons sputtered from the sample

cf. fractiongl ion yield, negative-ion yield, partial ion yield, partial sputtering yield, positive-ion yield,
total ion yigeld

5.447
sputtering yield, partial
ratio of the [number of atoms and ions of a particular species sputtered from a sample to the total number of
incident particles

cf. fractional ion yield, fractional sputtering yield, negative-ion yield, partial ion yield, positive-ion yjield,
total ion yield

5.448

static limit
(SIMS) ion [fluence aboyve‘which any significant changes in the spectrum, arising from beam damage,|are
observed

NOTE 1 Classically,*a limit of 1012 ions/cm?2 or 1016 ions/m?2 is taken as the limit not to be exceeded in static S|MS.
This limit is Hased on one incident ion for each 1 000 surface atoms.

NOTE 2 Forfmaging, the totar motecutar Signatcan be Used, and here the fimitTan be higherand teach 100 times the

limit given in Note 1.

NOTE 3 For large molecules, the damage cross section and disappearance cross section are both generally larger
than for small molecules, leading to a static limit lower than 1012 ions/cm?2.

5.449

steady-state sputtering

(AES, GDS, SIMS) state of the sputtering process in which important operational and analytical parameters
are unchanging over a meaningful timescale

cf. stoichiometric sputtering
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Generally, steady-state and stoichiometric sputtering are equivalent but, in profiling dilute delta layers in

semiconductors, for example, the sputtering can be at a steady state whilst the constituents being studied are not being
sputtered in their stoichiometric ratio.

5.450

stoi

chiometric sputtering

(AES, GDS, SIMS) state of the sputtering process in which the relative amounts of the elemental
components sputtered from a sample are equal to their stoichiometry within the sample

cf. steady-state sputtering

NO
nan

5.45
sto

E For most homogeneous materials, StolChIometric sputiering Is attained arier the sputier remad
metres from the surface.

1
D event

(SIMS) registration of a particle by a time-to-digital converter

NOT
(TD

E The arrival time for each ion providing a pulse at the detector is registered\by the time-to-dig
C). This is a stop event. TDCs might only record a fixed number of stop events ddring the time following €

ion pulse, for example 512 or 1 024, other events being lost.

5.45
sto
(EIA

NOT

NOT
whe
elec

5.4
sto
(EIA
dete
sca

5.45
sto
(EIA

NOT

NOT
whe|
elec

2
bping cross section, electronic

, RBS, sputtering) stopping cross section arising from enérgy transfer to the electrons of the
E1 The total stopping cross section is the sum of the electronic and nuclear stopping cross sectior
E2 The maximum of the nuclear stopping cross section occurs at energies of the order of 1 keV

reas that of the electronic stopping cross section oceurs at above 100 keV per nucleon. The absolute
ronic stopping cross section maximum is significantly‘greater than that for the nuclear stopping cross sec

3
bping cross section factor
, RBS) quotient of the total enetgy loss of a particle scattered at a given depth in the s

tering

4
bping cross section; nuclear
, RBS, sputtering)-stopping cross section arising from energy transfer to atomic nuclei of the

E 1
E2  The.maximum of the nuclear stopping cross section occurs at energies of the order of 1 keV

[eas that\of the electronic stopping cross section occurs at above 100 keV per nucleon. The absolute
ronic stopping cross section maximum is significantly greater than that for the nuclear stopping cross sec

val of a few

tal converter
ach primary-

sample
S.

per nucleon,
value of the
tion.

ample, and

cted at a given angle, by the ‘product of the atomic density of the sample atoms and the depth of

sample

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

per nucleon,
value of the
ion.

5.45

5

stopping power
stopping force
(EIA, RBS, sputtering) rate of energy loss of a particle with distance along its trajectory in a sample

cf. stopping cross section

NOTE 1

parti

NOTE 2

Stopping power and stopping force are synonymous terms and are usually represented by
cle of energy E moving in the x-direction. The minus sign makes these terms positive quantities.

—dE/dx for a

Stopping power is the official nomenclature of the International Commission on Radiation Units and

Measurements (ICRU) but it is recognized that the term does not define a power but a force and so stopping force has
been included here as a more precise synonymous term.
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NOTE 3  In older texts, this quantity might also be called, erroneously, the stopping cross section.

5.456
sum rule
(dielectric function) equation that gives the value of an integral of a specified dielectric function

NOTE 1 Equations have been derived that give expected values of integrals of the imaginary part of the complex
dielectric constant and of the imaginary part of the reciprocal of the complex dielectric constant for any material. The
integrals involve the product of the specified dielectric function and either frequency or inverse frequency from zero
frequency to an infinite frequency. The values of each integral can be used to assess the internal consistency of a set of
dielectric data for a material by comparing vaIues of the specn‘led mtegrals to expected values. In practlce the |ntegrat|ons
are made fren
those corres )ondlng to the Iargest K-shell binding energy of atoms in the material.

NOTE 2  The integral of the product of the specified dielectric function and frequency is proportional to the'total number
of electrons [per atom or molecule in the material. This sum rule is often referred to as the f-sum rule; \the oscillptor-
strength sum rule, or the Thomas-Reiche-Kuhn sum rule.

5.457
super Coster-Kronig transition
(AES, EPMA, XPS) Coster-Kronig transition in which the ejected electron is fromthe' same principal shejl as
the initial vgcancy

cf. Auger tfansition
EXAMPLES M2M4M5; N5N7N7.

5.458
surface
interface between a condensed phase and a gas, vapour or'free space

5.459
surface coptamination
material, ggnerally unwanted, on the sample surface which either is not characteristic of that sample and|any
process investigated or has arisen from expqgsure of the sample to particular environments other than those
relevant for|the original surface or the process o be studied

NOTE Common surface contaminants_are hydrocarbons and water. Local reactions with these and the environment
can lead to 4 wide range of oxidation and.other products.

5.460
surface coyerage
(chemisorption, physisorption) quotient of the amount of a material at a surface by a measure of the surface
area

NOTE The surface coverage can be expressed in atoms-m-2, in mol-m-2, in kg-m-2 or as a ratio of the amount t¢ the
monolayer ¢apacity.

5.461
surface excitation parameter

SEP

(AES, EPES, REELS, XPS) characteristic parameter in the exponential attenuation, describing the ratio of the
intensity of a peak resulting from the presence of the surface, during a single crossing of a material surface,
to that expected after traversing the same amount of material but in the absence of the surface

NOTE 1 If it is assumed that the SEP arises solely from surface excitations and that multiple surface excitations are
governed by the Poisson stochastic process, the probability of experiencing n surface excitations is given by
(S"/n")[exp(-S)], where S is the SEP. The SEP can then be interpreted as the average number of surface excitations during
a single surface crossing, and the probability for not experiencing any surface excitation during that single surface
crossing is given by exp(-S).
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NOTE 2
outgoing electrons in EPES and REELS can differ. The SEP decreases the intensities observed in REELS,
XPS and similar types of spectroscopy.

NOTE 3

5.462

surface plasmon

excitation of conduction- or valence-band electrons in a solid or liquid, associated with the termin
material at the surface, in which collective oscillations are generated

1:2010(E)

The value of the SEP depends on the geometry of the experiment, and the contributions for incoming and for

EPES, AES,

Surface excitation decreases the intensity of the quasi-elastic peak. It is important in REELS and EPES.

ation of the

cf.

NOTE 1 Plasmon excitations are often observed as characteristic energy loss peaks associated With o
strugtures in the spectrum, such as those of any elastically scattered primary electrons, photoelectron p
elegtron peaks and ionization edges. Surface plasmons are important for many optical measurements.
NOTE 2  Plasmons are prominent in some materials and not in others.
NOTE 3  Two types of plasmon are commonly observed: bulk plasmons (often/simply called plasmons
with|material remote from a surface or interface and surface plasmons associated-with a surface or interfg
plasmon energy depends on the electronic structure of the material and is generall\xFfoughly proportional to th
of the density of the valence-band electrons. The surface plasmon energy for @)surface (i.e. a material-vacu
is often approximately (1/42) of the bulk plasmon energy for a planar sufface; the actual ratio of the bulk
plasmon energies depends on the electronic structure of the material. EQr.an interface between two materialg

plasmon energy depends on the electronic properties of each material.{n the case of a thin oxide film on a
like metal, the surface plasmon energy of the metal will be reduced eompared to the value for the clean meta|

NOTE 2

synchrotron radiation
eledtromagnetic radiation (photons) with a continuous energy spectrum, created by the acc

her peaks or
eaks, Auger

) associated
ce. The bulk
P square root
Lm interface)
and surface
, the surface
ree-electron-
surface due

ergy of that

ersing agents

or oleophilic

eleration of

eledtrons in a synchrotron or storage ring

NOTE

Synchrotron radiation is a useful variable-energy source of photons for Auger electron spectroscopy and

photoelectron spectroscopy. For photoelectron spectroscopy, the radiation is monochromated. Good intensities can be

available for photons in the energy range 10 eV to 1 000 eV.
5.466

target
(EIA, RBS) sample under investigation
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5.467
target, thic

k

(EIA, RBS) sample whose thickness produces backscattered particles whose energies, for each constitutive
element, vary greatly with respect to the system resolution

[ASTM E67

5.468
target, thin

3-03[1]

(EIA, RBS) sample whose thickness is sufficiently small that the variation in energy of particles backscattered

from atoms
[ASTM E67

5.469
thermal sp

of each constitutive element is small with respect to the system resolution

3-03(1]]

ke

(SIMS, sputftering) spike in which energy deposition leading to local heating is the dominating“process

NOTE Dther processes proposed to generate spikes are pressure and shock waves.

5.470

thermalized electrons

ultimate electrons (deprecated)

(GDS) eleg¢trons which, following collisions in the plasma, have~an equilibrium energy distriby
correspond|ng to the plasma temperature

5.471

thin film

layer of maferial, typically less than 100 nm in thickness, depesited or grown on a substrate
[ASTM E67B-03["]

NOTE Films thinner than 10 nm are often called.ultra-thin films.

5.472

time constant

(analogue ¢
response tg

5.473

time of flig
TOF or ToR
(SIMS) tota

NOTE |
recorded flig

forming regiq

5.474

lectronic circuits) time required for a signal to change by [1 — (1/e)], or 63,2 %, of its final valy
a step function input

ht

time taken'for ions of a particular mass to move from the sample to the detector

Usually;.the clock timer is started with the beam chopper sequence selecting an ion pulse, and sg
ht time'might include the additional time for the primary ion to travel to the sample surface from the p

tion

ein

the
llse-

n-obthe ion gun.

topographic contrast
contrast in a map or image arising from the topography of the sample surface

NOTE 1

interpretation of electron or ion yield data more complex than otherwise.

NOTE 2

78

Topographic contrast can change after ion sputtering.

Topographic effects can modify the interaction between the primary beam and the sample, making the
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5.475

total reflection
(TXRF) condition where the glancing angle for the incident X-rays is at or less than the critical angle and the
X-rays are either reflected or absorbed in a region very close to the surface

NOTE

5.476

transformation probability
(SIMS) probability of a defined charged or neutral species being produced, by consumption of a defined
parent atomic or molecular configuration at a surface, as a result of sputtering

-1:2010(E)

The reflected intensity is close to 100 % of the incident intensity and the transmitted intensity is zero.

5.47
tran
(EIA
the

cf. |
5.41

tran
(EIA

7

sverse range

, RBS, SIMS) distance, normal to the direction of an energetic ion or atom impacting.a surfaq
on or atom comes to rest in the sample

rojected range

8
sverse straggling

te, at which

, RBS, SIMS) standard deviation of the transverse ranges of energetic ions or atoms of a givgn energy

cf. nrange straggling, transverse range

5.47
ultr
(SIN

5.4
uni
u

unit

NOT
isa

NOT

NOT

9
-shallow depth profile
S) depth profile for which the depth over which significant changes occur is less than 10 nm

0
ied atomic mass unit (CODATA)

equal to 1/12 of the mass of the nuclide;T2C at rest and in its ground state

E 1 1u=1,660 538 86 x 10-27 kg, with a one-standard-deviation uncertainty of +0,000 000 28 x 101
hon-SI unit, accepted for use with-the International System, whose value in S| units is obtained experimer

E2 In the field of biochemistry, the unified atomic mass unit is also called the dalton, symbol Da.

E 3  The above definition was agreed upon by the International Union of Pure and Applied Physics in

Inteqnational Union of-Pdre and Applied Chemistry in 1961, resolving a longstanding difference between

phys
(phy
oxyd
199

icists. The unified/atomic mass unit replaced the atomic mass unit (chemical scale) and the atom
sical scale), both having the symbol amu. The amu (physical scale) was one-sixteenth of the mass 9

7 kg.[10] This
tally.

1960 and the
hemists and
C mass unit
f an atom of

en-16. Thé amu (chemical scale) was one-sixteenth of the average mass of oxygen atoms as found in pature. In the

CODATA," u=1,000 317 9 amu (physical scale) = 1,000 043 amu (chemical scale).

5.4i1
uni issoeiation

spontaneous dissociation of a molecule into two or more fragments

NOTE This term is often applied to the fragmentation of a metastable ion.

5.482
useful spatial resolution
(SIMS) image resolution obtained in practice

NOTE The image resolution is poorer than the primary-ion beam diameter as a result of either the nee
the damage level below a limit set by the integrity of the data or the need to record sufficient signal when the sample is
being consumed during analysis.
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5.483

vacuum level

electric potential of the vacuum at a point in space
[Adapted from ASTM E673-03[1]]

cf. Fermi level

NOTE In electron spectroscopy, the point in space is taken at a sufficiently large distance outside the sample that
electric fields caused by different work functions of different parts of the surface are zero or extremely small.

5.484
vacuum leyel referencing
(AES, XPS) method of establishing the kinetic energy scale in which the zero point corresponds tq an
electron at fest at the vacuum level

cf. Fermi lgvel referencing

5.485
vacuum level, standard
electric pot¢gntial 4,500 eV above the Fermi level

cf. vacuum|level

NOTE The Fermi level is an absolute level to which electron kinetic energies can be accurately referericed.
Historically, ih AES, the electron energies have not been referenced to the Fermi level but, instead, have been referepced
to the instrument vacuum level. This level varies from instrument to.instrument and does not provide a consigtent
reference leyel. However, most reported Auger electron kinetic energies’have been referenced to the vacuum level|and
most analystk are familiar with the variations that occur from one instrument to another for energies referenced in this way.
By conventign, the standard vacuum level is defined, as above,tosbe a consistent reference level close to the valug for
typical instryment vacuum levels. Energies referenced to the.standard vacuum level are consistent and are within
approximately 1 eV of those referenced to individual instrument vacuum levels.

5.486
valence-b%\d spectrum

(XPS) photpelectron energy distribution arising from excitation of electrons from the valence band of| the
sample maferial
5.487
work functjon
potential difference for electrons-between the Fermi level and the maximum potential just outside a specijfied
surface

NOTE 1 The work funetions of the different crystal facets of a single crystal will, in general, differ from one another.
These work functions will/also change with the state of cleanness of the crystal surfaces.

NOTE 2 A polycrystalline surface will exhibit an average work function which will depend on the types of exppsed
constituent s|ngle-crystal facets and their areas.

5.488

X-ray ghost line

(XPS) line in a spectrum due to photoemission induced by X-ray photons from an impurity in or on the X-ray
anode, from the X-ray window, or from certain elements present in the sample

NOTE Ghost lines typically appear in dual-anode X-ray sources with Mg and Al coatings where a small fraction of Al
X-rays appear when using the Mg source and vice versa. Other common ghost lines appear for oxygen X-rays as the
coatings oxidize or copper X-rays from the coating substrate.

5.489

X-ray linewidth
energy width of the principal characteristic X-ray line
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NOTE 1 In XPS the X-ray linewidth usually refers to that of the X-ray source.
NOTE 2  The X-ray linewidth contributes to the photoelectron peak widths.
5.490

X-ray monochromator

device used to eliminate photons of energies other than those in a narrow energy or wavelength band

NOTE For XPS using Al X-rays, the monochromator is usually aligned close to the Al Ko.q energy.

of the number of ions of a particular species sputtered from a sample to the total aumben of incident
cles

cf. fractional ion yield, fractional sputtering yield, negative-ion yield, partial sputtering yield, positive-
ion |yield, total ion yield

5.492
yield, total ion
ratig of the total number of ions of both signs sputtered from a sample te-the total number of incident particles

cf. fractional ion yield, fractional sputtering yield, negative-ion yield, partial ion yield, partiall sputtering
yield, positive-ion yield

NOTE The total ion yield is often used where, more correctly, the writer means the total negative-ion yie|d or the total
positive-ion yield rather than their sum.

5.493
yield, volume
ratig of the total volume sputtered from a samplé to the total number of incident particles

cf. fractional ion yield, fractional sputtering yield, negative-ion yield, partial ion yield, partiall sputtering
yield, positive-ion yield

NOTE The volume vyield is useful for expressing the amount sputtered in organic layers where molegules can be

easily fragmented and values of the’molecular sputtering yield can be much more variable between samples than the
volume vyield.

5.494

zone of mixing

laygr of the sample-surface within which the primary beam causes atomic mixing
[AS[TM E673-03(]

cf. gollision cascade

6 Definitions of terms for multivariate analysis

6.1

centering

mean centering

centring (deprecated)

mean centring (deprecated)

(data preprocessing) a data-preprocessing procedure in which each variable in the data matrix is centred
by the subtraction of its mean value across all samples

cf. scaling, transformation
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NOTE 1 Mean centering emphasizes the differences between samples rather than differences between the samples
and the origin.

NOTE 2  Mean centering is generally recommended for PCA, PLS and discriminant analysis of SIMS and XPS data,
where relative intensities of peaks across the samples are more important than their absolute deviation from zero
intensities. Mean centering is not compatible with non-negativity constraints in MCR for the resolution of physically

meaningful component spectra and contributions, which must have positive values.

NOTE 3 Mean centering is generally applied after other data-preprocessing methods, including data selection and
scaling.

NOTE 4 et. It
is important

6.2

data matri

table of numbers, with 7 rows and K columns, containing experimental data obtained for [ samples over K
values of ofie or more variables, where 7 and K are integers

NOTE 1 The term samples denotes any individual measurements made on a system and-the term variables derjotes
the channelq over which the measurements are made. For example, in SIMS, the variables refer to the mass or tinfe of
flight of secpndary ions and, in XPS, the variables refer to the binding energies of photo€leetrons detected.

NOTE 2 For a multivariate image with dimensions of I pixels x J pixels x K variables, the data is often “unfolded” prior
to multivarigte analysis to form a data matrix with dimensions 7/ x K. On completion of the analysis, the results cap be
“folded” to refstore the original image dimensions.

6.3

data preprocessing

data pretreatment (deprecated)

manipulation of raw data prior to a specified data analysis_treatment

NOTE 1 The terms preprocessing and pretreatment aré_often used interchangeably, but the latter is deprecatgd to
reduce confysion with sample preparation/treatment priorto experimental analysis.

NOTE 2 Aside from the three main categories of.data-preprocessing method (centering, scaling and transformatjon),
data preprodessing can refer to any other procedures carried out on the raw data, including mass binning and peak
selection. In fhe case of multivariate images,.this'can also include region-of-interest selection and image filtering or birjning.
NOTE 3  All data-preprocessing methods imply some assumptions about the nature of the variance in the data set| It is
important thdt these assumptions are‘understood and appropriate for the data set involved.

NOTE 4 More than one data-preprocessing method can be applied to the same data set. The order of |data
preprocessing is important and\can affect assumptions made on the nature of variance in the data set.

6.4

discriminant analysis

DA

discriminapt-function analysis

DFA

a supervised multivariate technique for classifying samples into predefined groups using discriminant
functions

NOTE 1 Discriminant functions are factors that maximize the variance between different groups while minimizing the

variance within each group. Loadings on DFA factors can be used to provide information on the combination of variables
which is best for predicting group membership.

NOTE 2

DFA is often applied after PCA to a multivariate data set. This removes colinearity from the multivariate data

and ensures that the new predictor variables, which are PCA scores, are distributed normally. This method is referred to
as principal-component discriminant function analysis (PC-DFA).
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