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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Reference materials are useful in optimizing the depth resolution of sputter profiling methods in
materials such as silicon wafers, multilayered devices (e.g. AlGaAs double-hetero lasers, high electron
mobility transistors) and alloy-galvanized steel for corrosion-resistant car bodies.

The specific applications of this document are as follows.

a) Single-layered and multilayered systems on a substrate as reference materials are useful for
the optimization of depth resolution as a function of instrument settings in Auger electron
spectroscopy. X-ray phnfnplprfrnn spectroscopy and secondary ion mass spectrometry

b) These systems are useful for illustrating the effects of the evenness of the splitt€f crater, the
inclination of the crater bottom, the sample drift, the drift of sputter conditions (elg. ion beam
¢urrent density) on depth resolution.

c) These systems are useful for illustrating the effects of sputter-induced)surface roughening and
gputter-induced atomic mixing on depth resolution.

d) These systems are useful for the evaluation of instrument performance for instrument suppliers
and users.

e) This document is timely and topical, and can be used for.a basis of future development of sputter
depth profiling.

Alist of ISO Guides related to this document is given in the Bibliography[1I[21[3]14][5],
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Surface chemical analysis — Sputter depth profiling —
Optimization using layered systems as reference materials

1

Scope

This document gives guidance and requirements on the optimization of sputter-depth profiling

parafeters using appropriate Single-tayered amd muititayered Teference materats, irords
optithum depth resolution as a function of instrument settings in Auger electron spectro
photpelectron spectroscopy and secondary ion mass spectrometry.

This|document is not intended to cover the use of special multilayered systengs'such as
layers.

2
The

constitutes requirements of this document. For dated references, only the edition cited
undgted references, the latest edition of the referenced document (including any amendme

ISO

speclroscopy

3

For the purposes of this document, the termis and definitions given in ISO 18115-1 and t
apply.

ISO gnd IEC maintain terminology databases for use in standardization at the following adc

3.1

image depth profile

thre¢-dimensional Tepresentation of the spatial distribution of a particular elemental o
specles (as indicated by emitted secondary ions or electrons) as a function of depth or mater
by sputtering

3.2

platéatregion

Normative references

following documents are referred to in the text in such a way'that some or all of t

18115-1, Surface chemical analysis — Vocabulary <~ Part 1: General terms and te

Terms and definitions

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

[EC Electropedia: available at https://www.electropedia.org/

r to achieve
scopy, X-ray

delta doped

heir content
applies. For
hts) applies.

rms used in

he following

Iresses:

r molecular
ial removed

region in which the signal remains constant or without significant variation with sputtering time

3.3

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

4

Az

I

Symbols and abbreviated terms

depth resolution

signal intensity
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z sputtering rate

AES Auger electron spectroscopy

SEM scanning electron microscopy
SIMS secondary ion mass spectrometry
XPS X-ray photoelectron spectroscopy

5 Settingparametersforsputter-depthprofiling

5.1 Genefal

For the purgoses of this document, typical probing and sputtering parameters for sputter.depth profiling
in AES, XPS and SIMS are given in Table 1 and Table 2. These parameters represent a range which covers
many different types of instrumentation. Recommended conditions for a particular instrument| may
be available| from the respective instrument manufacturers and optimized by-experimentation oh the
laboratory instrument using the information included in this document.

Table 1 — Typical probing parameters for sputter.deépth profiling

AES XPS SIMS
Probing spegies Electrons Photons: Primary ions:
Mg Ka, Al Ka Cs*, 07, 0,% Gat

Energy of prpbing 1 keV to 25 keV 1,253 keV\1,486 keV 0,1 keV to 25 keV
species
Current or ppwer 1 nAto 103nA 1Wto 10* W 1 nAto 104 nA

(Faraday cup) (Source power) (Faraday cup)
Angle of inciflence 0°<6<90° 0°<6<90° 0°<6<90°
Analysed spgcies Auger electrons in eV Photoelectrons in eV Secondary ions in AMU

(kinetic energy) (kinetic or binding energy) |(mass or mass/charge)
Energy rangg of emis- |0 keV to 3 keV 0 keV to 1,5 keV 0 keV to 0,125 keV
sion species
Angle of emiksion 0° < 6<90° 0°<6<90° 0°<6<90°

Analysis arep

108 mm?+to 102 mm?

10 4 mm? to 10 mm?2

10~ mm? to 10~2 mm?

Table 2.—<Typical sputtering parameters for sputter depth profiling

Typical operating parameters

Remarks

Ion species

Ar*, Kr*, Xe*, 07, 0,%, Ga*, Cs*

Inert or reactive gas ions or metal igns

Ion energy

0,1 keV to 25 keV

Ion beam current

1 nAto 104 nA

Faraday cup

Angle of incidence

0°<6<90°

Sputtered area

1072 mm? to 102 mm?2

Raster scan

of focused ion beam

NOTE

gas pressure in the ion source can change during the course of the analysis.

The ion gun parameters and vacuum conditions can also affect the depth resolution. For example, the

© IS0 2022 - All rights reserved
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5.2 Auger electron spectroscopy

Important parameters for a depth profile measurement of a single layered or an A/B/A/B/... multilayered

system by AES with ion sputtering are the followingl[él.

a) Probing parameters (important for analysis): Electron energy, electron beam current, angle of

incidence, analysis area (i.e. beam diameter or raster area).

b) Sputtering parameters (important for depth resolution): lon species, ion energy, ion beam
currentlZl, angle of incidence, sputtered or raster area. Sample stage is in a stationary or rotational

mode.

c) Measurement parameters:

elements A and B (important for both analysis and depth resolution).

2) Direct mode, N (E) or EN (E), or differential mode, dN (E)/dE or dEN-(E)/dE (in
analysis).

NOTE 1 N(E), EN(E), dN(E)/dE and dEN(E)/dE refer tosdifferent kinds of A
where the Auger electron intensity, N, is plotted as a function-of the electron kinetic
N(E) spectra, signal intensities are measured as the heights6f the Auger peaks above b3
dN(E)/dE spectra, signal intensities are measured as the peak-to-peak heights of the Au
the differential spectra of N(E). With certain types of analyser (e.g. the cylindrical mirti

approximates E times N(E).

If the continuous mode is used, it is prefetable to ensure that the ion-induced Au
signals are negligible.

NOTE 2 The problem of ion-induced Auger electrons seems only significant for A
peaks below 100 eVI8I[2],

5.3 | X-ray photoelectron spectroscopy

Impqrtant parameters for a depth profile measurement of a single layered oran A/B/A/B/...1
systeém by XPS with ion sputtering are the following.

a) Probing parameters-(important for analysis): Photon energy (X-ray source), X-ray sc
i.e. voltage andsutrent), angle of incidence, analysis area (i.e. beam diameter or select]

b) $puttering parameters (important for depth resolution): lon species, ion energy, ion be
gngle of\incidence, sputtered or raster area. The sample stage can be in a stationary (

1) Kinetic energies of Auger electrons from both overlayer and substrate relements, or from

hportant for

lger spectra
energy, E. In
ckground. In
rer signals or
or analyser),

Auger electron intensities are presented in EN(E) and dEN(E)/dE formats, in which the spectrum

3) With ion sputtering, data may be collected in-either an alternating mode or contilmuous mode.

per electron

iger electron

nultilayered

urce power
ed area).

am current,
r rotational

odes
) I;easurement parameters (important for both analysis and depth resolution):

1) kinetic energies of photoelectrons and/or the respective electron binding energies of both

overlayer and substrate elements or both elements A and B;
2) areaof measurement for selected area XPS;

3) emission angle of electrons.

NOTE Usually, XPS signal intensities are measured as a function of sputtering time in an alternating mode

with ion sputtering.

© IS0 2022 - All rights reserved
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5.4 Secondary ion mass spectrometry

Important parameters for a depth profile measurement of a single layered or an A/B/A/B/... multilayered

system by SIMS are the following.

a) Probing and simultaneously sputtering parameters (important for both analysis and depth
resolution): Primary ion species, ion impact energy, ion beam current, angle of incidence, analysis
area (i.e. gated area), sputtered area. The sample stage can be a stationary or rotational mode.

NOTE1 In some SIMS systems, the beam energy is given for the source potential with respect to the
ground but the sample potential is not at ground. The impact energy takes account of the sample potential.

NOTE 2| Some time-of-flight SIMS instruments use dual beams. In this case, all parameters for bothybeams

are notefl.

b) Measurgment parameters (important for both analysis and depth resolution):

1) posjtive or negative secondary ion species (atomic or molecular) of both’ overlayer| and

substrate elements or both elements A and B;

2) settings of gates (i.e. electronic, optical, etc.).

NOTE 3  Ugually, secondary ion signal intensities are measured as a function ef sputtering time in a contiiuous
mode with pfimary ion sputtering. In some SIMS instruments, an interrupted-node (primary ion gating) i used

where differgnt ion beams are used for sputtering and analysis.

6 Depth|resolution at an ideally sharp interface in sputter depth profiles

6.1 Measurement of depth resolution

For the purposes of this document, the measurementof the depth resolution Az of sputter depth pr
of a single Idyered or an A/B/A/B/... multilayeredsyStem is as follows[10I[11][12],

For SIMS, where matrix effects are significantly different between the two layers, Az may still be

bfiles

used

for optimization but may not relate closely to the real depth resolution of the underlying chemical

compositior].

NOTE Tlhe definition of depth resolution Az in this clause applies only for optimization of setting paranjeters

in depth prgfiling. The definitipn\and measurement procedures of depth resolution will be describ
International Standards to be developed by ISO/TC 201/SC 1 and SC 4, respectively, in the future.

6.2 Avergge sputtering rate z_,

The averagd sputtering rate z,, is given by Formula (1):

ed in

Zay = Zedelior 1
where

Ziot is the total thickness of a single overlayer or multilayered system on a substrate;

tiot is the total sputtering time required to sputter from the topmost surface until the overlay-

er/substrate interface at which the signal intensity of the element reaches 50 % of its value

in the adjacent overlayer on a substrate.

In practical cases using a multilayered system, the total thickness of a few certain periods of layers

from the topmost surface and the time required to sputter from the topmost surface unti

1 the

corresponding interface between the final layer of the certain periods of layers and the layer below

them may be used as z,,, and ¢, , respectively, to obtain Z; .

ot

4 © IS0 2022 - All rights reserved
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6.3 Depth resolution Az
Depth resolution, Az, is given by Formula (2):

Az=Z,, xAt (2)
where At is the sputtering time interval in which the signal intensities change from 16 % to 84 % (or

84 % to 16 %) of the intensity corresponding to 100 % of each of the overlayer and the substrate of a
single-layered system or each of the adjacent layers of a multilayer system.

The measurement of At is only applicable where plateau regions have been obtained for both maximum
and minimum intensities (see Figure 1).

I

0,84

Key
I dignal intensity
t  dputtering time
a  Plateau region.

Figure 1 — Diagram of the measurement of At at an ideally sharp interface in a sputter
depth profile

7 Proeedures for optimization of parameter settings

7.1 Alignment of sputtered area with a smaller analysis area

7.1.1 General

The centre of a sputtered area shall be aligned with a smaller analysis area using an appropriate
method. The ratio of the analysis area to the sputtered area should be chosen to be as small as possible
so as to reduce effects resulting in the depth resolution due to the proximity to the crater edgell2l. A
number of different situations exist, as shown in Figure 2.

© IS0 2022 - All rights reserved 5
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=== I N
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3 4 1
| N
c) d)
Key
1 sample
2  probe
3  sputtered area
4  directior] of ions
5 spectronpeter analysis ar'ea
6  electronic gate
NOTE In| some ¢ases, a larger area at the sample surface is used in alignment. For each example, the smaller
area is givenfas alblack shaded area in this figure and by “X” in Table 3 whereas the larger area is given by {Y” in
Table 3.

Figure 2 — Methods for aligning the sputtered area with a smaller analysis area

Table 3 — Description of sputtering alignment methods

Smaller area Larger area
Figure Example
X Y
2a) |Focused probe beam Spectrometer analysis | AES, or XPS with focused monochromator, or
area time-of-flight SIMS
2b) |[Spectrometer analysis |Broad probe beam XPS without monochromator
area
6
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Table 3 (continued)

Smaller area Larger area
Figure Example
X Y
2c) |Electronic gate Spectrometer analysis  |Dynamic SIMS with electronic gate
area

2d) |Optical aperture Not appropriate Dynamic SIMS with optical aperture
7.1.2 AES
7.1.24.1 The centre of the sputtered area shall be aligned with the analysis area as defined by the

focus
accoy

7.1.2
The (
to en

7.1.2.

perfy

NOTIH
resol

7.1.3

7.1.3
focu
proc

7.1.3

7.1.4

ed electron beam, which may be rastered as shown in Figure 2 a). Such correct align
mplished according to the procedures provided by respective manufacturer of apparat

.2 The correct alignment may be checked by a method provided by the instrument m
orrectalignment may also be checked by either post-profile crater observation or by m
sure that the sputtered area lies centred over the analysis area [see Figure 2 a)[131[14]]

3 If an instrument is available with SEM imaging, post-profile crater observat
rmed using a monitor display[13l.

If necessary, alignment and post-profile crater observation is repeated to minimi
ition Az.

XPS with a small probe (e.g. monochromator)

.1 The centre of the sputtered area shall be aligned with the analysis area as de
ed X-ray beam [(see Figure 2 a)]. Suehiicorrect alignment shall be accomplished ac
pdure provided by the respective manufacturer of the apparatus.

.2 The correctalignment may be checked by a method provided by the instrument m

XPS with a large area'source (e.g. without monochromator)

7.1.4(1 The centre of‘the sputtered area shall be aligned with the analysis area as de

elect
proc

ron spectrometér)[see Figure 2 b)]. Such the correct alignment shall be realized ac
edure provided\by respective manufacturer of apparatuses.

7.1.4.2 Thekorrectalignment may be checked by a method provided by the instrument m

7.1.5

SIMS

|

ent shall be
uses.

hnufacturer.

easurement

ion may be

re the depth

fined by the
rording to a

hnufacturer.

fined by the
cording to a

anufacturer.

7.1.5
with

7.1.5

.1 Ifan electronic gate is used in dynamic SIMS, the centre of the sputtered area sha
the analysis area as defined by the electronic gate [(see Figure 2 c)[13]].

2

1l be aligned

If an ion optical aperture is used in dynamic SIMS, the centre of the sputtered area shall

be aligned with the analysis area as defined by the ion optical aperture [see Figure 2 d)], and this is
carried out in a test area as near as possible to the analysis area. For some instruments with an optical
aperture and a scanning ion image display, alignment may be carried out during the profile.

7.1.5

.3 Ifdifferent ion beams are used for sputtering and analysis in a time-of-flight SIMS

instrument,

the centre of the sputtered area shall be aligned with the analysis area as defined by the focused ion
beam [see Figure 2 a)].
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7.1.5.4 If the post-profile realignment of each column of pixels is used to provide an image depth
profile alignment shall not be necessary.

7.2 Optimization of parameter settings

7.2.1 If a sample consisting of a single-layered or multilayered structure on a substrate is to be
measured, then a similar reference material system should be used for optimization. Some single-

layered and

multilayered reference materials are listed in Annex B and Annex C.

7.2.2 See Table 1 and Table 2 for probing and sputtering parameters which shall be optimized in

accordance

7.2.3 Perfprm the measurements of sputter depth profiles on a single-layered or multilayered syj

using the a

with 7.2.3 to 7.2.5.

ppropriate parameter settings, in particular, those important for depth «gsolution

stem
(see

Table 1 and [Table 2).
7.2.4 Detdrmine the depth resolution Az from the data sets of depth profiles using Formulde (1)
and (2) (see|Clause 6).

7.2.5 Cho

NOTE1  Ugeful information for a number of important parameters is given in Annex A.

NOTE 2  Ugeful information obtained using a multilayered systems listed in Annex D.

pse the parameter settings so as to obtain the optimum depth resolution Az.
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Annex A
(informative)

Factors influencing the depth resolution

General

Usuallly, probing and sputtering parameters are taken into account in order to optimiz¢ parameter

setti

A2

A.2.
The

hgs for enhancing the depth resolution Az[111116][17][18][19][20][21][22],

Sputtering parameters

| Ion species

ion species should be considered in order to reduce the sputter-induced roughngss, or cone

formiation, or extent of atomic mixingl231[24], Typical ion species@sed for sputtering are irjert gas ions

(e.g.

A.2.2 lon energy

Ar*, Kr*, Xe*), reactive gas ions (e.g. 0-, 0,%) or metal ions+{e.g. Ga*, Cs*).

In ggneral, a lower ion energy is preferable in order to reduce the atomic mixing effect and/or the

sputter-induced roughness[221[261[27], But this should be balanced against the reduced spu

and

A.2.3 Angle of incidence

'tering yield

ower sputtering rates where contamination from adsorption of residual gas speci¢s may be a
problem.

Oftem, a high angle of incidence (i.e.’glancing incidence) may be used to reduce the atomic mixing effect

and/pr the sputter-induced roughitessl[261(28][29], In some cases, a higher angle of incidence
incrdased sputter-induced reughness, for example, when using reactive primary ions an
sample stagel221(30](31][32]

A.2.4 Sample stage

The

to reduce sputter-induced roughnessl281(29][33][34][35][36], The speed of rotation is general
be greater than a critical value so as to ensure an improvement of Az when compared t
condjitionsl22l.

A3

rotational miede is generally preferable, in particular, for polycrystalline metallic ma

may lead to
1 stationary

terials so as
y chosen to
b stationary

Measurement parameters

A.3.1 Kinetic energy (E,) of signal used in AES and XPS

A signal with a lower Kinetic energy is preferable in order to reduce the information depthl371(38]
(E, > 30 eV).

NOTE

“Information depth” is the maximum depth, normal to the surface, from which useful information is

obtained. The information depth can be identified with the sample thickness from which a specified percentage
(e.g. 95 % or 99 %) of the detected signal originates. In addition, the information depth can be determined from a
measured, calculated or estimated emission-depth distribution function for the signal of interest.
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A.3.2 Angle of emission

More grazing emission reduces the sampling depth in AES and XPS as Acosf and so improves the
measured depth resolution, where A is the attenuation length, 6 is the angle between surface normal
and optical axis of the analyser.

NOTE1 The depth resolution Az can be different for the same element if different peaks with different
attenuation lengths (ALs) are used. The depth resolution clearly depends on the AL, or more generally speaking
on the information depth (AL in AES and XPS, secondary ion emission depth in SIMS).

NOTE 2 Usually molecular ions such as dimers (i.e. A,*) or trimers (i.e. A3*) used in SIMS secondary ion signals
have nonlinear responses of intensity with concentration and so give artificially low values of depth resolution.

A.4 Experimental considerations

A4.1 The
topography

sputtering rate of some polycrystalline films has been shown to be, fionlinear dyie to
development when sputtering films are not rotated[32l.

A.4.2 The

sputtering rate can be affected in AES by electron irradiation duringthe sputtering prg

The electron beam may be unfocused to avoid this effect which can double-the sputtering rate (e

SiO, thin fil
sputtering y

A.4.3 Ion

acquired wi
spectrumlél
by excludin
Auger electr

A.4.4 The
samples the

ms)[14]. Similar effects have been reported in XPS where foCused X-ray sources can 2
ields.

cess.
g. on
ffect

rradiation produces Auger electrons at energies up<te 100 eV. If the electron spectrym is

th the ion beam turned on, care should be taken té¢/minimize the presence on the resy
91, Modulation techniques, such as beam brightiiess modulation, can minimize this ¢
b Auger electrons present in the ion beam (giving a DC signal) from the phase-modu
ons present in the electron-beam blanking,

roughness of the surface being spufttered affects the depth resolution. For polycrysts
surface roughness increases during ion sputtering. This can be minimized or elimir

Iting
ffect
lated

1lline
1ated

Itiple ion sources on the same instrument[49] and by rotating the sample under ion heam
18][33][35][39][40],

by using my
irradiationl4

A.4.5 The
an oxygen [
technique m

with
ding

use of oxygen flooding-of the sample surface is sometimes used in SIMS analysis
rimary ion beam) torreduce transient ion-yield effects on interfaces. The oxygen-flog
ay also be used toreduce sputter-induced topography.

A.4.6 Sample contamination should be a consideration when depth profiling because the sample
vacuum environment may have an influence on the depth resolution. Accidental contamination df the
sample surface caitbe checked by measuring the residual gases in the vacuum chamber using a resjdual
gas analyser.

A.4.7 Another kind of check can be made for sample contamination with respect to time for AES and
XPS techniques. It involves measuring sample contamination on a reactive material surface, such as
that from pure titanium. A contamination appearance profile (CAP) measurement is made whereby
the sample is first ion-sputter-cleaned until there is no detectable carbon, oxygen, or other surface
contaminants. Next, a CAP measurement is made for the time it takes to detect a significant peak of
oxygen, carbon or another element of interest. This procedure can be automated using a computer-
controlled system whereby a depth profile is collected with the ion beam turned off or by either turning
off the ion gun high voltage or by closing the sputtering gas supply. The resulting profile shows the
contamination signal versus time relationship. It is noted that this technique is not applicable for SIMS.

A.4.8 Ifthe analysis area is too small, the measured resolution can be decreased. For example, in AES,
a small analysis area gives rise to sputter enhancement on the area irradiated by the electron beam and
leads to poor depth resolution. This effect is best known to occur with SiO, but also occurs with many

10 © IS0 2022 - All rights reserved
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compounds. In SIMS, as the measured signal intensity depends on the analysis area, sputtering rate and
integration time, the experimental conditions need to be chosen with care to ensure that the signal is
sufficiently high so as to obtain a good signal-to-noise ratio but at the same time having sufficient data
points obtained for the interface regions so as to allow the depth resolution to be measured.
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Annex B
(informative)

Typical single-layered systems as reference materials

Certified reference materials from national laboratories and those traceable to them are useful
in optimizing the depth resolution and calibrating the sputtering rate for sputter depth profiling in

surface-dependent materials.

Typical single-layered systems used as reference materials for sputter depth profiling aredgiv

Table B.1.

NOTE When using the reference sample of Ta,05/Ta to measure depth profile by microseopic area AES
can be affected by irregularity due to grain boundaries that exist in the polycrystalline Ta substrate.

Table B.1 — Typical single-layered systems as reference materials

PN in

they

Refere1_1 ¢ Thickness Fabrication method Crystallinie Reference
material nm state
Ta,05/Ta 30, 100 Anodic oxidation Amerphous BCR -261T?

2 Ta,0s films on tantalum at thicknesses of 30 nm and 100 nm[1Z1[18] are available as BCR-261T from the EC Institu
Reference Materials and Measurements. This information is given for the @onvenience of users of this document and|

not constitutgd an endorsement by ISO of the product named. Equivalent products may be used if they can be shown t
to the same rgsults.

te for
does
lead

12
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Typical multilayered systems used as reference materials

Typical multilayered systems used as reference materials for sputter depth profiling are given in

Table C.1.
Table C.1 — Typical multilayered systems used as reference materials
Reference Thickness Total Fabrication
. number of Crystalline state Reference
material nm method
layers
Ni/Cr . . NIST SRM
miltilayered 63/53 9 Sputter deposition Polycrystalline 2185¢, d, ea
Si0,/Si o Amorphous Si0,/ b
miltilayered 20/20 5 Sputter deposition ptcrystalline Si NMIJ RM 5202-a
’?}AS/ GaAs 10/10 6 MBE Single crystal | NMIJ {RM 5203-ab
superlattice

Key

resulfs.

resulfs.

MBE [ molecular beam epitaxy

a  dtandard Reference Material (SRM) 2135c, d, e[L2[35][4] |s available from the National Institute of 9
Techpology (NIST). This information is given for the convenience of users of this document and does not
endofsement by ISO of the product named. Equivalent \products may be used if they can be shown to lea

b 4i0,/Si multilayered and AlAs/GaAs superlattices[221[241125](26] are available from the National Metro
of Japan (NMIJ). This information is given for\the convenience of users of this document and does not
endofsement by ISO of the product named{ Equivalent products may be used if they can be shown to lea

tandards and
constitute an
H to the same

logy Institute
constitute an
H to the same
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