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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not réceived ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

pbrg /patents. ISO shall not be held responsible for identifying any or allystuch patent righty.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee TC:201, Surface Chemical Analysis, Subcommljttee SC 2,

General P
This first

Alistofa

rocedures.
edition of ISO 20579-2 cancels and replaces ISO 18116:2005, which has been technically fevised.

| parts in the ISO 20579 series can befound on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can bexfound at www.iso.org/members.html.
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Introduction

0.1 General introduction to the ISO 20579 series

Because sample preparation and handling can have a significant impact on the physical and chemical
properties of a sample surface, reliable surface analysis depends upon knowing the analysis objective and
knowledge of the sample history including aspects of how the sample has been prepared, stored, processed,
and handled prior to and during analysis. The ISO 20579 series specifies information that is required to
be collected and included as part of the sample history (sample provenance information). The ISO 20579
series describes information that anyone seeking surface analysis is required to provide to an analyst(2]
and additional information that an analyst is required to include in the sample provenance record regarding
sample handling 3 afion to be
recorded regardlng sample selection, handlmg, and storage [SO 20579-1 describes informatipn that is
necessary for the sample provenance record and an analyst regarding sample selection and\prieparation
when requesting surface analysis. ISO 20579-2 indicates information about sample handling, pr¢paration,
mounting and processing to be recorded and reported by the analyst. ISO 20579-3 and,ISO 20579-4 focus
on specific reporting requirements associated with biomaterials(3] and nanomateriats;] respectiFely. Each

part of thle ISO 20579 series can be used independently of the other parts, although the general reporting
requiremgnts described in ISO 20579-1 and ISO 20579-2 are applicable to a widé range of materials and are
not reprofluced in ISO 20579-3 and ISO 20579-4.

Although|primarily prepared for the surface-analysis techniques of Auger-electron spectroscopy (AES),
X-ray ph¢toelectron spectroscopy (XPS) and secondary-ion mass/spectrometry (SIMS), the| methods
describeiin this document are also applicable to many other surface*sensitive analytical technifjues such
as ion-scattering spectrometry (ISS and including low- and medium-energy scattering LEIS, MEIS)| scanning
probe mifroscopy (SPM), low-energy electron diffraction (LEED) and electron energy-loss speftroscopy
(EELS), where specimen handling can influence surface-sensitive measurements. AES, XPS, pnd SIMS
are sensitive to surface layers that are typically a few nanometers thick. Such thin layers can e subject
to severe|perturbations caused by specimen handling or surface treatments that can be necesgary prior
to introdyiction into the analytical chamber. Proper handling and preparation of specimens is pdrticularly
critical fqr dependable analysis. Improper handling of specimens can result in alteration of the surface
compositlon and unreliable data.[6I[7]

0.2 Intreduction to ISO 20579-2

This docyment is intended for the analyst and describes information that is required to be rec¢rded and
reported [regarding the sample handling, storage, mounting and other aspects of preparing a spmple for
surface afpalysis. This informatiofi becomes part of sample provenance record to help validate the feliability
and usefulness of data obtainedfrom surface-analysis methods.[€]

Although|the categories af-hecessary reporting are similar for all specimens, the details of theg required
sample handling can vaty depending on the nature of the sample and analysis objectives. When|the outer
surface of a specimen is to be analysed the specimen needs to be handled carefully so that the intfoduction
of spuriofis contaminants is avoided or minimized. The goal is to preserve the state of the surfgce during
preparatipn andsmounting so that the analysis remains representative of the original specimen. In other
cases, sampple processing is required to enable access to the surface or interface to be analysed and some
aspects of ®the sample handling might be less stringent. In all cases, the nature of sample handling and
preparation for the desired analyses need to be recorded and reported.

Normative annexes to this document describe methods that the surface analyst can use to minimize the
effects of specimen preparation when using any surface-sensitive analytical technique. Annexes also
describe methods to mount specimens to ensure that the desired analytical information is not compromised.
Annex A describes approaches, issues, and good practices regarding sample handling in preparation for
analysis. Annex B provides information about sources of contamination, sample handling and storage
requirements for differing analysis objectives.

© IS0 2025 - All rights reserved
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ing*documents are referred to in the text in such a way that some of their content cpnstitutes
tes—For-undatedreferences,

edition of the referenced document (including any amendments) applies.

ISO 18115-1, Surface chemical analysis — Vocabulary — Part 1: General terms and terms used in spectroscopy

ISO 18115-2, Surface chemical analysis — Vocabulary — Part 2: Terms used in scanning-probe microscopy

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 18115-1 and ISO 18115-2 apply.

© IS0 2025 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at https://www.electropedia.org/

4 Symbols and abbreviated terms

AES Auger electron spectroscopy

AFM atomic force microscopy

EELS electric energy-loss spectroscopy

ESCA electron spectroscopy for chemical analysis (alternate name for XPS)
FIB focused ion beam

ID Identification

ISS ion-scattering spectroscopy

LEED low-energy electron diffraction

LEIS low energy ion-scattering

MEIS medium energy ion-scattering

PTFE polytetrafluoroethylene

SIMS secondary ion mass spectrometry

SPM scanning probe microscopy

STM scanning tunneling microscopy

TXRF total reflection X-ray fluorescence spectroscopy

UPS ultraviolet photoelectiron spectroscopy

XPS X-ray photoelectfon’'spectroscopy

5 Provyenance information to be collected or retained

5.1 Infprmatien'record

Clause 5 deals.with a sample information record that includes the relevant sample history, samplg handling
requiremgnts, and analysis objectives. This information is u provided by those requesting analysis. If

it is not provided with the sample, it will need to be created (see ).

Surface analysis is usually undertaken to collect useful information relevant to a sample for a specific reason
at specific stages during the lifetime or history of the material. To assess the reliability and usefulness of the
analysis, it is important to retain as many relevant sample history and handling details that are available to
maintain the provenancel8l[91l10] of the sample and data related to them.

Samples are often provided to an analyst by someone seeking information about one or more samples. Such
samples should arrive with a history and the information described in ISO 20579-1 about the nature of
the sample, the analysis objective, and any special requirements (ISO 20579-1:2024, 5.2), and with unique
sample identifiers (IDs) and information, including dates, about previous handling, storage, and processing
as relevant to the analysis objectives (ISO 20579-1:2024, 5.3).[2] Information about different types of

© IS0 2025 - All rights reserved
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analysis objectives and the implications for sample handling are provided in ISO 20579-1:2024, Annex A and
summarized in Annex B of this document. Detailed information records are especially important for nano-
objects as described in ISO 20579-4:2018, Clauses 4 and 5.4

Information that an analyst shall record and add to the information record regarding the further preparation
and handling of samples for surface analysis are described in Clause 6 of this document. This information,
along with data collected becomes part of the information record that provides the history of the physical
and chemical processes used on a sample that would allow assessment and replication of the measurements.
Appropriate information to be retained and passed along with analysis information will vary depending on
the nature and history of the sample and the analysis objectives as described in Clause 6. Dates should be
provided whenever possible throughout the provenance record.

5.2 Veiification or generation of sample information and analysis objectives

When an analyst receives one or more specimens, a necessary step is to examine the sample-documentation,
or establigh it (with the owner) if not provided, including the nature of the sample(s), clear.sample IDs, and
appropridte analysis objectives. It is also important to determine if the samples have been’handled properly
to enable| appropriate surface analysis and if relevant, that information about specific analysig areas or
regions of analysis interest have been identified and documented.

If this inf:rrmation was not provided, the analyst shall assemble as much information as possible td establish
a complete information record and analysis plan that will determine the, Sample handling and prieparation
necessary to obtain the desired information from the sample(s).

A visual ipspection (documented) of each sample is important to yerify information, sample condlition and
identification of any special features or problems such as fingerprints, adhesive, unexpected pafticles, or
contamingnts.

6 Information about sample handling and preparation for analysis to be
documented and added to the sample information record

6.1 General

Informatipn about the following topics shall be recorded and reported as part of the sample informatipn record.

6.2 Adherence or exceptions tothe general sample handling requirements

To maintdin the stringent cleantiness required for meaningful surface analysis the general samplg handling
protocols|listed below and iffA-1.1 and B.3.2 shall be followed.[ZI[11] These generic requirements also appear
in ISO 20p79-1, 2024, B.2(2yand B.2.3. Any exceptions or deviations shall be documented. Justification for
these medsures and further details are provided in the Annexes of ISO 20579-1 and this document. Annex A
of this dofument givessome additional details about general considerations for sample handling tojminimize
contamingtion and is'summarized here.

Avoid toufhing\the sample surface to be analysed with any material, including tools, hands, and cpntainers,
as well a§ adventitious contact from gases, liquids, particulates, or outgassing materials near the surface
or presentin the environment. It possiDIE, ail SENSITIVE Samples should be introduced Using a giove box or a
transfer vessel and documented in the reporting.

Thoroughly document all cleaning processes. Be extremely careful with any cleaning processes to make
sure they do not alter any aspect of the sample surface important to the analysis objectives (for additional
information see A.3.2). Be very careful to use only clean, pure, non-reactive gases (never blow on the sample
by mouth) and delivery systems (including lines, nozzles, etc.) if required to dust off particulates. Note that
canned air often contains fluorinated propellants which should be avoided.

If smaller samples mustbe prepared for analysis, thoroughly document any cutting or sectioning procedures,
along with any associated cleaning (see A.3.3 for additional information).

© IS0 2025 - All rights reserved
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Minimizing contamination also requires using cleaned sample handling tools and fixtures involved in
sample mounting. It is also relevant to consider if volatile or otherwise mobile contaminants (e.g., Zn, Na, F)
from previous samples in the vacuum system or adjacent during sample handling or storage could introduce
contamination be detrimental to the desired analysis.

Example descriptions of exceptions or issues related to general sample handling requirements are given in
EXAMPLES 1 to 3.

EXAMPLE1 Because of the small sample size, touching the surface to be analysed with a clean mounting tool was
unavoidable.

EXAMPLE 2  Although the analysis chamber and entry system were processed/cleaned between samples, we note
that the most recent samples contained fluorine. Therefore, any fluorine identified on the current sample should be
viewed wifiTcaution:

EXAMPLE[3  Carbon tape was used to mask the sample for charge control. The tape was within the sputfer area, so
during spyttering, it was redeposited onto the sample surface, resulting in carbon contamination.

6.3 Description of ex situ sample handling

Based on|sample information and analysis objectives, the analyst shall determine and report|the steps
followed o store or prepare the samples for analysis, including any storage, (cutting, sectioning, polishing,
cleaning, pr other preparation before insertion into the analysis chamber in.aécordance with A.3 (for ex situ
handling) and B.3 and B.4 (for handling and storage).

Example ¢lescriptions of sample storage and ex situ treatments are given in EXAMPLES 1 to 6.
EXAMPLE|l  Asreceived samples were placed in a desiccator wheréthey were stored for one week befor¢ analysis.
EXAMPLE[2  To facilitate AES analysis of the layered structure the sample was polished by angle lapping

EXAMPLE[3  To minimize sample charge buildup during AES and XPS analysis, the sample was thinned py focused
ion beam rhilling.

EXAMPLEHY  Section was cut from corroded metal.plate using a cleaned hack saw blade. Areas to be analysed were
identified |n an optical photograph.

EXAMPLE[5  Metal samples were machined so that they could be fractured in the analysis chamber to|determine
grain bourjdary composition after fracture.

EXAMPLE|6  MgO sample was heated 10 800 C in air to remove organic contamination and moisture, anfl then was
inserted irffto the intro chamber within 30 seconds, before the surface temperature reached 200 C.

6.4 Method of mounting-samples for analysis

The analyfst shall repart-details of the approach to sample mounting, which depend on the samplq type, the
instrumeft, analysis\objectives, and the need for any special environmental control or in situ progessing in
accordange with A4

Example ¢lesCriptions of sample mounting are given in EXAMPLES 1 to 5.

EXAMPLET  Sample was mounted directly onto a specimen holder using a spring clip to ensure good connectivity
to spectrometer ground.

EXAMPLE 2  Potentially insulating sample was mounted for XPS analysis using double sided sticky tape, making
sure the sample was isolated from the specimen holder so that surface potential could be controlled by the charge
neutralization system.

EXAMPLE 3 A portion of the particles of this sample were pressed into indium foil to enable AES analysis of
individual particles.

EXAMPLE4 A solution of nanoparticles was deposited on a silicon wafer. Multiple deposits were made until the
substrate was covered. It will be tested to determine that no signal arises from the substrate during XPS analysis.

EXAMPLES5 Liquid sample was deposited on a LN, cooled substrate.

© IS0 2025 - All rights reserved
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6.5 In situ sample cleaning or other sample preparation or processing

The analyst reports details of any in situ cleaning, and other sample preparation and processing of the sample
prior to analysis, including any methods used to expose the region of analysis, in accordance with A.5.

Example descriptions of in situ cleaning and processing are given in EXAMPLES 1 to 6.

EXAMPLE1 The high vapor pressure sample was degassed by (pre)pumping in the entry chamber (or an auxiliary
vacuum system) before insertion into the main analysis chamber.

EXAMPLE 2  The sample was sputter cleaned to remove the thin surface oxide layer using low energy Ar* sputtering
(0,5 kV). The sputter time for the sputter conditions would have removed approximately 10 nm of SiO,.

EXAMPLE 3 ”cihg a2 20 kV focused Ga ion beam in the AES system a cross section of the c:\mr\]n was created to
enable andlysis of the layered structure.

EXAMPLEH  The sample was scribed inside the system to expose fresh surface for analysis.

EXAMPLE[5  The machined sample was fractured in the liquid nitrogen cooled impact fractuse ttnit to exjpose grain
boundarief for analysis.

EXAMPLE|6  An argon cluster ion source was used to remove organic contamination from'the sample surface before
analysis (4r;goo at 4 kV). An ion current density of X was applied for 30 seconds (¢t specify the equival¢gnt sputter
removal of X nm of a reference material such as irganox).

6.6 Post analysis handling and storage

The analyfst reports the disposition of samples after analysis, calling attention to any specific hgndling or
storage of samples potentially relevant to later analysis or use.

Example ¢lescriptions of post analysis sample handling or.stérage are given in EXAMPLES 1 to 4.
EXAMPLE[l  Samples were discarded after analysis.

EXAMPLE[2  Samples were returned to dry box storage.

EXAMPLE[3  Samples were archived at location"’ABC.

EXAMPLEH  Samples were transported to lab XYZ for further characterization.

© IS0 2025 - All rights reserved
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Annex A
(normative)

Information on approaches, issues and good practices regarding
sample handling and mounting in preparation for analysis

A.1 Introduction and overview

Once an fnalyst knows the nature of the sample, the sample history, and the analysis objectives, it is
necessary to plan the approach to preparing a sample for analysis. This includes an assessmefntof the samples
as received including a visual inspection of the samples, determination of storage and speciall handling
requiremgnts, and consideration of other types of analysis requirements (past or futuré). Depend|ng on the
nature of|the samples and sample or instrument requirements the plan can involve-storage of the samples
prior to dnalysis, some type of ex situ treatment of the sample (usually cleaning-and sectioning/cutting),
must invglve sample mounting for analysis, and there is sometimes the necessity for some type of in-
spectromgter (in situ) processing. Each of these items is discussed in the follewing sections.

A criticaljaspect of planning is determining what sample handling or,pfeparation is required to pe able to
examine the surface or interface of interest. If the outer surface is of\iimportance, extremely careflul sample
handling fis required to avoid destroying the information. Ofter the surface or interface of inferest lies
beneath g layer of contaminants or other material. This overlayeximight require removal without perturbing
the surfage or interface of interest, as covered in A.3 for ex sittumethods, and in A.5 for in situ methods.

Even whejn the outer surface is not the subject of interest‘and a buried interface will be exposed, jt remains
importanf to minimize processes or handling that add contamination to the sample, such as fingerprints, oils
or most aflhesives. Such contamination can spread.and contaminate a surface of interest once it i exposed
and be difficult to remove.

Additiongl information about sample handling, preparation and mounting can be found from multiple
sources. fieneral information on sample handling is available from Stevie, Garcia et. al.,[l1] Cganderna,
Powell and Madey,[12] and Geller.[] Information about specific types of materials is also available[including
for polymers, Easton et al., [13] for Nanomaterials, Baer[4] and Baer et al.[13] and for GaN, Schabet, et al.[16]
Information about contamination-effects of storage containers is provided by G. Greczynski, L. Hiltman[17I
and abouf contamination spread i UHV conditions (relevant to storage and analysis chambers) by Elio et al.
and Liu e al.[18][19]

A.1.1 Gpneral handing requirements for surface analysis

The degré¢e of cleanliness required by surface-sensitive analytical techniques is much higher than for many
other forms of analysis. Therefore, consideration must be given to sample handling and analysis ¢rder (see
A.2.3) when othiér measurements are necessary. Sources of contamination are discussed in Annek B of this
document dad'in ISO 20579-1:2024, Annex A,[2] and in ASTM E-1829.[20]

A simple high-level description of important handling requirements includes 1) specimens and mounts shall
never be in contact with the bare hand and 2) handling of the surface to be analysed should be eliminated
or minimized whenever possible. Fingerprints contain mobile species that can contaminate the surface of
interest. Hand creams, skin oils and other skin materials are not compatible with high vacuum.

Analysis order can impact surface analysis results. In almost all cases, surface analytical measurements
should be performed before use of bulk analysis methods (see A.2.3).

© IS0 2025 - All rights reserved
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A.2 Assessment and planning

A.2.1 Introduction

[t is important to make sure that the goals and objectives for the analysis are clearly specified. Such specific
goals are necessary for determining how samples need to be handled, stored, and processed. For samples
with special handling or storage requirements these goals usually should be specified before the samples
arrive to the analyst, since actions need to be preplanned. Upon receipt, appropriate sample storage and
handling methods shall be implemented to assure that the objectives of the analysis can be achieved.
Samples shall be adequately identified. Are there any special sample handling requirements for storage,
preparation, or analysis? Do samples require storage and, if so, how? What other analyses are required (or
have been completed)?

Special precautions can be necessary for samples that contain or might contain toxins or other-hazardous
materials| and safety data sheets (SDSs) should be provided to the analyst for this type of sample.

A.2.2 Vijsual inspection before and after analysis

Upon recpiving samples, it is good practice to conduct a visual inspection, usifig-an optical mificroscope
as appropriate. At a minimum, a check should be made for residues, particles; fingerprints, adhesives,
contaminpnts, or other foreign matter. Record the observations in a laberatory notebook; annotated
photographs can be useful.

Specimen| features that are visually apparent when the sample is outside the vacuum system might not be
observable after the sample is placed inside the surface-analysis instrument (for example through pise of any
available jmaging method or through viewports). It can then besnécessary to physically mark the|specimen
outside the area to be analyzed (e.g., by scribing or by a permanent ink marker) so that the analysis location
can be foynd once the specimen is inside the vacuum systemgEnsure that any method of marking the sample
does not pffect the subsequent measurements. Scribing a'brittle material can leave unwanted dgtritus on
the sample that can be deposited in the instrument or that could affect the analysis. Permanent ink markers
can contajminate nearby regions by transport of voldtilé organics or by surface diffusion of solvent residues.

Changes tfhat can occur during analysis can infliernce the data interpretation. Following any analygis, visual
examinatjon of the specimen is recommended;to look for possible effects of ion-beam sputtering) electron-
beam bombardment, X-ray irradiation, or exposure to the instrumental vacuum. Any changes ghould be
documented.

A.2.3 Apalysis Order

It is prefefrable for surface chemical analysis measurements to be made before the specimen is arjalysed by
other techniques because such'specimens can become damaged or be exposed to surface contamination. For
example, jnsulating speciméns analysed by electron microscopy are sometimes coated to reduce|charging.
Furthermlore, exposufre-of the specimen to an electron beam (e.g., in a scanning electron microsjcope) can
induce dgmage or-cause the adsorption of surface species from the residual vacuum. Such cqatings or
modificatfions render the specimen unsuitable for subsequent surface chemical analysis. If it is ndt possible
to performn théssurface chemical analysis first, such an analysis should be performed on a different, but
nominally identical, specimen or area of the specimen.

If multiple types of surface analysis are to be used, the order of analysis can have an impact as well. The
preferred order can vary with the analysis question and techniques to be used. ISS is the most surface
sensitive but involves the use of ion beams that can alter the surface over time. XPS is often considered to
be the least damaging and is often done before methods that have greater risk of damage or are inherently
destructive. AES does not remove material, but a focused electron beam can damage the surface. Static SIMS
and SIMS require surface sputtering which can alter or remove information that might be obtained using
XPS or ISS.

Recommendations for order of analysis are also discussed in ISO 20579-1:2024, Annex B[2] and in Lindfors.[ZI

© IS0 2025 - All rights reserved
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A.2.4 Differences in handling and mounting requirements for AES, XPS, SIMS and other
surface analysis methods

Although the handling methods for AES, XPS, and SIMS are basically similar, there are some differences to
consider in planning measurements. SIMS, for examples is particularly sensitive to silicone contaminants.
[21] Mounting requirements can differ as well, for example, during XPS analysis of powder or nanomaterial,
the particles are often packed together, but for AES, MEIS and scanning probe microscopy particles must
be in a single layer.[14][4][15] The preparation of specimens for AES and SIMS requires attention because of
potential problems with electron or ion beam damage or charging, or both. This document will note when
specimen preparation is significantly different among the various techniques.

A.2.5 Sample charging issues

Insulating and mixed phase materials are often subject to surface charging during surface anglygis. There
are multiple approaches to dealing with sample charging.[22][131(23] When preparing an insulabing[specimen
for analy$is important considerations and options can be undertaken in external preparation|(ex situ),
during mpunting or in the analysis chamber (in situ). Possible approaches to mininrize”charging include
thinning the sample to lower sample resistance, in situ or ex situ coating of the speeimen with a cpnducting
material (wrapping with a foil or depositing a conducting layer in situ or ex situ),@wd mounting the sample
isolated ffom ground. The approach an analyst can take varies with the specimeh, the techniqu¢s applied
and capaljilities associated with the specific instrument.

A.2.6 Storage and transfer prior to analysis

Frequently, it is not possible to immediately analyse sample upom synthesis or receipt. Therefofe, part of
measurerfient planning can include the necessity of storing samples for some time before further grocessing
or analys|s. Depending on the nature of the sample and thekrequired analysis, the means of stprage can
vary gredtly. Even in ultrahigh vacuum conditions contamiination can spread from sample to $ample or
from a sample holder to the sample.[18][19] The same geheral principles apply in all circumstanges: avoid
contaminption of the surface to be analyzed, minimize changes to the sample due to envionmental
conditionf and document all storage and transfer conditions (see B.4).

In some chses, samples can be stored and mounted in laminar flow hoods that minimize surface dyst, orin a
dry box, dlove box or sealed container.

Some types of samples originate from highly specialized environments and laboratory envijonmental
exposurefwould alter the surface chemistry. Such samples can arrive in environmentally sealed dontainers
and should be transferred into the.analysis system without atmospheric exposure. Glove boxes corjnected to
spectrompters or anaerobic transfer containers are often used for such samples.

Specimen| transfer from an‘€xternal environment to a spectrometer might take a few forms depgnding on
the sample type. Anaerpbic transfer is briefly discussed in A.2.6.4. Issues of transfer of gassy, vjiscous, or
liquid sampples are dis¢ussed in relation to sample mounting in A.4.6.

A.2.6.1 [Storagetime

If a speci lyzed has
not been ¢ontami i i . s i ickly become
contaminated to the depth analyzed by AES XPS SIMS and other surface sensmve analytlcal techniques.
For example, Liu et al.l19] discuss the evolution of surface contamination in ultra-high vacuum.

A.2.6.2 Storage containers

Containers selected for specimen storage should not transfer contaminants to the specimen via particles,
liquids, gases, or surface diffusion. Containers that contain volatile species such as plasticizers (which can
be emitted and then contaminate the sample surface) are unsuitable. The specimen surface to be analyzed
should preferably not contact the container or any other object. Glass jars should be chosen with an
appropriate diameter and height relative to the size of a specimen to constrain/hold the specimen without
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glass in contact with the surface to be analyzed. Further details about storage containers are given by G.
Greczynski and L. Hultmanl1Zl and in B.4 and Table B.1.

When contact with the surface is unavoidable, wrapping in clean, pre-analysed aluminium foil can be

satisfacto

ry. Containers such as glove boxes, vacuum chambers, and desiccators are sometimes excellent

choices for storage of specimens. A vacuum desiccator can often be preferable to a normal desiccator and
shall be maintained free of grease and mechanical-pump oil.

NOTE

Cross-contamination between specimens can occur if multiple specimens are stored in the same container.

A.2.6.3 Temperature and humidity

Possible t,
Most detr
high to m

A.2.6.4

Specially
analysis ¢
[25][11] Th
reaction (
to the ang
attached
flange on

imental effects result from elevated temp es. Additionally, low specimen températures and
bderate humidity can lead to moisture condensation on the surface.

Specimen transfer

designed chambers that allow transfer of specimens from a controlled efivironment to|a surface
hamber have been reported and commercial transfer vessels are available for some syjstems.[24]
e controlled environment could be another vacuum chamber, a glove box (dry box), a glpve bag, a
hamber, or a deposition chamber. This controlled environment,chamber can be attached directly
lytical chamber with the transfer made through a permanent valve. Glove bags can be temporarily
Lo an analytical chamber with the specimen transferred by removal and then replaceiment of a
the analytical chamber. Increasingly XPS and other surfaece’analysis systems have entry systems

connected to glove boxes that allow samples to be handled and mounted in anaerobic environments just

prior to e

Coatings
is then re
chamber.
AES or SI
case, the
analytica

The trans

A.3 Ex

the region of interest before insertion into the analysis chamber)

A3.1 Ix

All sampl
ability to
to be ana
simply in

htry into a spectrometer.

can sometimes be applied to specimens, thereby@llowing transfer in the atmosphere. The coating
moved by heating or by vacuum pumping in\either the analytical chamber or its introduction
This concept has been successfully applied o the transfer of GaAs.[2¢] Surfaces to be analyzed by
MS can be covered with a uniform layer, stich as polysilicon for silicon-based technology.l27 In this
Coating is removed by sputtering during analysis; however, the influence of atomic mixing on the
results needs to be considered.

fer of gassy, viscous or liquid samples into a spectrometer is discussed in A.4.6.

situ sample handling (e.g. cleaning, cutting/sectioning, polishing, or exposing

itroduction and’overview

s are handled in some way in preparation for analysis and the nature of handling often inppacts the
bbtain_the.desired information. As noted above, the guiding rule is do not touch or alter the surface
ysedito the extent possible or appropriate based on the analysis objective. Often it is possible to

some typé

sert'a’specimen into the analyser for analysis. However, there can be several reasons ffor which
b of processing of the sample is needed hefore it can he mounted fo o ana i hede include:

a) removing a contamination layer from the surface,

b) the need to alter the size or shape of a sample to allow the region of interest to fit in the spectrometer or
become available for analysis,

c¢) exposing the region or interface of interest for the analysis,

d) optimizing the sample for analysis - such as thinning or coating an insulating sample for analysis to
minimize charging.
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In many situations, ex situ work is required to prepare the sample for mounting and sometimes to enable in
situ processing to get to the region of interest. Therefore, in many cases, ex situ processing is necessarily a
prelude to additional in situ processing.

A.3.2 Sample cleaning techniques

High-purity solvents can be used to remove soluble contaminants or overlayers that are not of interest.
Ethanol (pure, not denatured), isopropanol, and acetone are the most used solvents, and are often used in
conjunction with ultrasonic agitation. A residue from the solvent might, however, remain on the specimen,
and acetone is hygroscopic and can lead to water adsorption from the atmosphere. Cleaning with acetone
can reduce electron emission from lanthanum hexaboride cathodes if used in the AES instrument. Some
sources recommend not using acetone for cleaning.[11] Hexane is sometimes used to remove lubricants. In

contaminption. While particles are removed from specimens by these methods, ¢aution is advisefl, and the
methods $hould be avoided in critical cases. In particular, oil is often a contaminant in compressed air lines.
In-line pafticle filters can reduce oil and particles from these sources. A gas:stream can also produce static
charge in[many specimens, and this could result in attraction of more pasticulate debris. Use of ah ionizing
nozzle on|the gas stream can eliminate this problem.

A frozen farbon dioxide gas stream (carbon dioxide snow) is also effective for cleaning and cah be used
to remov¢ some organic or silicone overlayers from specimen.$utfaces.[28] The cleaning action in this case
is based ¢n both solvent action and momentum transfer. However, care must be taken to ensurf that the
carbon dipxide gas stream does not lead to contamination'as discussed in the paragraph above.

Specific cleaning issues related to nanoparticles (als@’relevant to other types of particles) are dijcussed in
1SO 20579-4141 and by Baer et. al.[13]

Note that{to minimize sample contaminationyltools using to handle samples and mounting hardware also
must be cJeaned, often using methods similaxto cleaning specimens.

A.3.3 Sectioning/cutting technidques - altering the size or shape of a sample

A.3.3.1 Pverview/introduction

Sectioning, or cutting techniques are most often applied to metals, but can be applied to some other materials.
There car] be multiple reasens for altering the size or shape of a sample and the processing requireents will
again vary with the andlysis objective. If the analysis objective relates to an already exposed surface, great care
isrequirefl. However,ifa grain boundary to be exposed by impact fracture is the objective, the primary objective
can be to [shape the.sample to fit into a fracture unit in the spectrometer and the handling requirements are
reduced. §ee A5:4.2 regarding the design and application of specimens to be fractured in situ.

When using-sectioning techniques, it is important to section with the minimum alteration to thel region of
the specimen that will be analysed. After sectioning, it can be necessary to clean the specimen externally as
described above or internally by ion sputtering to remove a contamination or damage layer prior to analysis.

Compression and thermosetting materials are normally used for mounting specimens to be sectioned.
These mounting-block materials are often high vapor pressure materials and detrimental to the vacuum
environment of the analytical chamber. Consequently, specimens are normally removed from the mounting
blocks prior to analysis.

A.3.3.2 Sectioning/cutting methods

Sectioning can be performed using an abrasive wheel or by sawing (perhaps with a cleaned hacksaw blade)
or shearing. The extent of damage generally increases as cutting speed increases. Semiconductor samples
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can also be sectioned by cleaving and polishing or by cutting using a focused ion beam (FIB).[22] Chemical
changes can be extensive if local heating occurs during sectioning. Coarse grinding is usually performed
with abrasive belts or disks. Fine grinding is usually done with silicone carbide, emery, aluminium oxide or
diamond abrasives. Grinding materials and lubricating oils for cutting tools can contaminate the surface and
should be avoided. If possible, cutting should be performed dry (i.e., without lubricants). Clean water can be
used as a coolant if water would not impact the analysis.

A.3.4 Exposing the surface or buried interface of interest (ex situ)

A.3.4.1 Introduction

In circumstances where the outer surface, even after sample cleaning, is not the area of interest, additional
ex situ prpparation can be required to either expose or prepare the sample so that the region of/inpportance
can be anfalysed. A wide variety of methods have been applied, some of which are described‘orTeferenced
below. Note that ex situ efforts can be a prelude to mounting and further in situ actions.

A.3.4.2 Mechanical separation

Itis sometimes possible to mechanically separate layers and expose the surface ofinterest. This is spmetimes
done ex ditu before entry into the analysis chamber or in situ, as described in ‘A.5.4. Except fof possible
reactions|with the atmosphere, a surface exposed in this way is generally suitable for analysis. DeJaminated
layers andl the inside surfaces of blister-like structures are often investigated in this manner. Spufter depth
profiling |s generally not a good method to use on blister-like structures because, when the oufer skin is
penetratdd by the ion beam, the data can become dominated by artéfacts. Mechanical separation [should be
carried olit just prior to transfer of the sample to the analytical chamber or in-situ, if possible.

Occasionglly the “adhesive tape” method can be used to pullFa loosely adhered layer from a pubstrate,
exposing pn interface for analysis.[39] Scraping is sometimes‘used to remove overlayers (or to expose fresh
substrate) as long as the surface of interest is not damaged-or contaminated in the process.

A.3.4.3 [Chemical etching

Chemical[etches can be used to remove or thin an overlayer. In some cases, an etch will be selgctive and
etch dowh to, but not through, an interfaeceySpecific etches can be found for many types of overflayers.[31]
Possible dhemical or morphological effects-on the substrate should be considered when using this procedure.
Complete[removal of an overlayer might.not be possible or desirable. It can be sufficient to thin the|overlayer
and then $putter away the remaining)material inside the vacuum chamber. (Also see A.3.4.6 about|substrate
removal.)

A.3.4.4 [Exposing layers-using cross-sectioning techniques

Individual layers and layered interfaces can sometimes be analyzed by exposing the layers in a cross section
of the sarhple. When\the cross sectioning is done at an angle the apparent width of the layers is pxpanded
and they ¢an be analyzed by surface techniques with high spatial resolution such as AES.

A.3.4.4.1| Angle lapping and ball cratering and radial sectioning

Angle lapping (also called taper sectioning) is a technique used to expose and expand the analysis area
available from a thin layer at some depth into a specimen.[32] [n AES, the diameter of the primary electron
beam should be small relative to the expanded dimensions of the layer to be analysed. Considerations related
to layer thickness and technique resolution noted above for sectioning techniques are also applicable here.
Spalling at weak interfaces can occur during these operations.

Ball cratering is similar to taper sectioning[33l and is applicable when the radius of curvature of the spherical
surface is large relative to the thickness of the films being analyzed. Radial sectioning is similar to ball
cratering with a cylinder being used to create a crater instead of a spherical ball.
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A.3.4.4.2 Focused ion beam (FIB) cross sections

A focused ion beam (FIB) can be used obtain cross section samples for layer analysis. Such cross sectioning
can be done in a special FIB system or possibly an SEM with FIB capability. Some surface analysis systems
contain FIB capability enabling such sample preparation to be done in situ (See A.5.6). When the FIB cutis at
an angle, analysis of the expanded layer can be used to obtain layer information as described above.

A.3.4.5 Mechanical, chemical and electrochemical polishing

Polishing to remove damage is often the most crucial step in the sequence of preparing a lapped specimen.
The abrasives used can include aluminum oxide, chromium oxide, cerium oxide, silicon dioxide, silicon
carbide, or diamond.[34] The choice of suspension medium (normally oil or water) and polishing cloth should
be carefultyconstdered for possibie contamimation of the specimen, embedding of abraston matertal into the
specimenf and complete removal of abrasion material from the specimen.

Chemical|or electrochemical polishing is sometimes applied after the final mechanjcallpolishing of a
specimen|[34] In chemical polishing, the specimen is immersed in a polishing solution “vithoutf external
potential§ being applied. In electrochemical polishing, a constant current or voltage is applied to the
specimen|in an appropriate solution. The solution and temperature selected will depend upon the $pecimen.
These polishing methods usually remove surface damage introduced by mechanidal polishing. However, any
type of pqlishing can alter the chemistry of the surface.

A.3.4.6 PSubstrate removal and sample thinning

In some specimens, it can be easier to approach the interface of interest by removing the substrate rather
than the pverlayer. This is sometimes call “backside removal”~There are a few circumstances for which
this apprpach can be useful. One example occurs when the substrate composition is not of interpst or the
material ¢omposition of the overlayer is unknown. In SIMS,Bubstrate removal can provide improyed depth
resolution if non-uniform sputtering of the overlayers océurs.[33]

Substratel removal can be accomplished chemically due to selective etching, mechanically by polishing and
occasiondlly by cutting and then polishing.

Substrate{ thinning is also used to thin high resistivity samples to lower the effective resistance qf samples
that can He subject to charging during AES-0r~other analyses.

A.3.5 Sample coatings

Coating dan be used to both minimize sample charging and to protect a sample surface. Gold coatings
(applied ¢x situ or in situ) have been used to minimize charge buildup for both XPS and AES. [There are
significarjt limitations to this’ method, but it can be useful. When electrical insulators such ap ceramic
materials| are fractured-in-situ, problems with electrical charging sometimes develop during the surface
analysis. To reduce thiS)problem, it can be helpful to coat the outer surface of the insulator with a cpnducting
material, puch as gold; prior to fracture.

In some cpses,pristine surfaces can be maintained during sample preparation and handling by cpating the
surface wlith’a.substance that can be easily removed prior to analysis. In some cases, the coating i§ removed
with gen&e heating and/or vacuum pumping of the sample, either in the sample introduction chamber or in
the analysis chamber. This has been done, for example, with GaAs samples.[26] In other cases, the coating has
been removed by sputtering,[27] but sputter-induced effects on the analytical results must be considered.
Yet another technique is to cap the sample surface with a protective layer that is thin enough so that the
surface analytical probe ‘sees through’ the layer to the sample surface below, so that the layer does not have
to be removed. An example is the use of Al capping layers on transition-metal nitride thin films.[3¢] These

techniques are not as widely used, since they must carefully be matched to the sample and analysis goals,
and thus are often unique to specific samples and conditions.
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A.4 Mounting techniques

A.4.1 Introduction

A great deal of creativity has been applied for the mounting of some samples for surface analysis. Useful
references for sample mounting include papers by Stevie et al.l[11l Geller,[6] and Lindfors.lZ] Only general
ideas and high-level descriptions are described below.

A.4.2 General procedures

Many samples will be analysed as received. Surface contamination or atmospheric adsorbates are not usually
removed because of the importance of analysing an unaltered specimen surface. In such cases, mount the
specimen[directly to the specimen holder with a clip or screw. This procedure is particularly impprtant for
AES if spgcimen charging is a concern; the clip can help to provide a conductive path to ground) €dre should
be taken o ensure that the clip or screw does not contact the area of interest and that it wiill not interfere
with the incident beam or the particles to be detected during the analysis.

For some [specimens, it is easier to mount the sample by pressing it into a soft metalfoil (e.g., indium) or by
placing it{on the sticky surface of adhesive tape. The foil or tape is then attached\te the specim¢n mount.
Double-sifled tape has the advantage of not requiring a clip or screw to hold it ontoithe mount. Care|should be
taken to gnsure that the surface to be analysed does not contact the foil or tape./All tape should bepretested
for vacuum compatibility and potential contamination. These methods are -often satisfactory for XPS and
some AES|and static SIMS studies but are not often used for dynamic SIMSwhere the particle fluxes are larger.

A.4.3 Popwders and particles

Powders aind particles are often easier to analyse if they can:be placed on a conducting substrate. Indium
foil is oft¢n used because it is soft at room temperature, and,powders or particles can be partly Jmbedded
into the f¢il. Aluminium, copper or other metal foils can also be used for this purpose, although only a small
percentage of the powder or particles might adhere to them. For XPS, powders can be placed on the gticky side
of adhesiye tape. Metallized tape is usually best; it caimeet the vacuum requirements of most XP$ systems.
If any tage is to be used, it should be pretested for vacuum compatibility and potential contamfnation of
the sample. Particles can sometimes be transferred to a suitable substrate by working under a nIicroscope
and by uding a sharp needle. Non-soluble pafticles can sometimes be floated on solvents and picked up on
conductirg filters. Particles can also be transferred onto adhesive tape or replicating compound.

Many powders can be formed into pellets without the use of sintering aids or compressed into g disk. For
example, pquipment used for preparation of potassium bromide disks for infra-red spectroscopy could be
used. Theresulting surface is then‘gently abraded with a clean scalpel blade prior to use. The use|of pellets
can be anfexcellent approachfor’XPS but often leads to specimen charging in AES and SIMS. Some gpecimens
can be mqdified, howevery/bypressure or temperature-induced changes during preparation of thepellets.

Sometimg¢ powders have'been deposited and pressed onto scribed metal (often copper) substrafes where
the ridgeg help capture the powder.

Nanopartjcles are a special case of powders (see ISO 20579-4).[41 Sometimes they are dry powders and
sometimgs, suspended in solution. Depending on the analysis objective, some type of cleaning can be
required.[Meunting processes for such particles for surface analysis can take many forms such as deposition
of liquid suspensions on a substrate, use of spin coating methods, or even dipping of samples in solution. Dry
powders can be suspended in a liquid and deposited if the liquid does not impact the desired information.
We note here that for XPS analysis an opaque layer or mound of particles is satisfactory. For other analyses
such as ISS, MEIS and SPM a particle layer of “isolated” particles (no particle on top of another particle) is
often required. For a comprehensive description of nanoparticle surface analysis issues see Baer et al.[13]

A.4.4 Wires, fibers, and filaments

Wire, fibers, and filaments can have sufficiently small dimensions that it is not possible for the primary
beam to remain only on the specimen during the analysis. As a result, the recorded spectra will contain
contributions from the material on which the specimens are mounted. In such instances, it might be possible
to mount the specimen so that the unwanted signal is minimized or that the mounting material is out
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of focus; for example, the specimen could be mounted over a hole. Alternatively, many wires, fibers, and
filaments can be placed side-by-side or bundled to fill the field of view of the analytical instrument. In some
cases, these specimens can be mounted in the same way as powders and particles, as described in A.4.3.

A.4.5 Pedestal mounting

For some analytical instruments, especially those with large analysis areas, it is possible to mount the
specimen on a pedestal so that only the specimen will be “seen” by the analyser. Effectively other parts of the
sample holder are outside the area detected by the analyser. This approach can allow analysis of specimens
that are smaller than the analysis area. The method might be used for wires or filaments as described above
but also for other types of samples smaller than the analysis beam.

A4.6 S]

Some spefimens will emit gases and cannot be analysed because they degrade the vacuum-envirpnment in
the analyfical chamber. These specimens can be pre-pumped in an entry or an auxiliary,vacuun] chamber
and quicKly transferred to the analytical chamber. Perhaps the easiest method for pre-pumping is in the
introductjon chamber of a fast insertion probe. Removal of the volatile components canl change the surface
chemistry of the specimen. Cross-contamination between specimens can occur(in“such cases if multiple
samples dre in the chamber at the same time. Also see A.5.1.

Viscous liquids can be analysed by XPS by placing a thick layer on a smootli~substrate material and wiping
away mogt of the liquid. The remaining specimen layer is often of such a\thickness that no signal from the
substrate|is detected yet the vacuum requirements of the analytical chamber are met.

If solute residues from a solution are to be analysed, the solvent can be placed in a small pan or other
substrate| (that would not interfere with the analysis) and the liquid is evaporated. The solute residue will
remain onj the pan and can be transferred to the analytical chamber for analysis.

Some anallysts use rapid freezing (cryo-XPS) to analyse biological materials and solid-liquid inteffaces.[37]
In this wdrk a sample is deposited onto a precooled substrate. Cold substrates are also useful for gnalysis of
any high yapor pressure substance.

A.4.7 Masking for charge control

Specimen| charging during analysis can,be“a serious problem with poorly conducting specimengq (also see
A.2.5), arld several documents, revieWs ‘and ISO 19318 are devoted to describing ways to minjimize the
effects of charging.[23][22][11] Charging'can sometimes be mitigated by the way that the specimen isfmounted.
A mask, grid, wrap or coating of a conducting material can be used to cover insulating specimens pnd make
contact td ground as close as possible to the area that will be analysed. A grid can also be suspendé¢d slightly
above a syirface.[38] Wraps ofmetal foils are used for the same purpose. In AES, it can be importar]t to cover
insulating areas of the specimen that are not in the immediate analysis area to avoid the accumjulation of
sufficient|charge (frontscattered electrons and ions) that could deflect the primary electron beam dr perturb
the analypis. WheneVer sputtering is used in conjunction with a mask, grid, or wrap, care should be taken
to ensurg that the\covering material is not sputtered onto the analysis area. Removable grids have been
reported[P] where the grid is moved while the ion gun is on and then returned during analysis.[Materials
such as cplloidal silver, 51lver epoxy or c01101dal graphlte can be used to prov1de a conductive path from
near the join e problems.
Coating a specimen with a thin conductmg layer and subsequently removmg the coatmg by sputtering can
be useful, but information regarding the topmost layer of the specimen will generally be lost. This approach
can be useful for sputter depth profiling although charging can reappear if the walls of the crater remain
electrically insulating. Combinations of coatings and masks or wraps are sometimes useful.
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A.5 In situ sample cleaning or other sample preparation or processing to expose the
region of interest

A.5.1 Sample heating: cleaning/decontamination, segregation studies, reactive layer
formation

In situ heating of samples can be done for several reasons. Heating is not generally used to clean specimens
because only a small number of materials can withstand the temperatures required to desorb most
contaminants. The technique can be useful for refractory metals and, possibly, ceramics. Since heating can
cause many changes to a specimen, such as segregation of minor species to the surface or decomposition
of some spec1es [40][41] this technlque should be used with care. Heatlng is also useful for the outgassmg
aused by ion
bombardent of single crystals Some research studles are conducted by heatmg a sample in vacpum. This
can be done to create a reactive layer, such as oxide formation, or to examine segregation of-\confjaminants
to a sampjle surface. Specimens can be heated indirectly (by conduction) and directly by resistive,) electron-
bombardinent, quartz-lamp, or laser heating.

A variatign of the heating technique is to expose the specimen to a reactive envirenment such s oxygen
or hydrogen, and to heat the specimen to a lower temperature than might normally be necgssary for
contaminption removal. Contaminants can then react with the environment and be transformed fo volatile
species that can be pumped away. This approach would normally be used ima chamber separatq from the
analysis dhamber. Specialized ultra-high vacuum chambers for controlledcexposure of specimens [to special
environmlents are available that allow for specimen modifications by thermal or chemical treatments. Such
chamberd are separated from the analytical chamber by an ultra-high-vacuum valve; a suitable g§pecimen-
transfer mechanism is also used to minimize possible contaminatien’of the analytical chamber.

Gaseous Jample and volatile overlayers can be “cleaned” or degdssed by sitting in vacuum (with dr without
mild heatiing) in an analysis chamber or an auxiliary vacuism chamber. This approach can requife several
days and |s generally applicable to organic overlayers on inorganic substrates.

A.5.2 Ign sputtering and cluster cleaning

Sputtering (also called ion etching) is sometimes Used to clean the sample surface, expose subsurfface layers
or, when ¢ombined with surface analyses, to.produce a sputter depth profile (i.e., composition as & function
of depth, Which is not covered in this document).

Traditionplly, noble gas ions with 1keV to 5 keV incident energy were commonly used for spufttering of
multiple fnaterials. The effects of-sputtering in surface analysis can be complex and have been described
in several reviews.[42][43]1[44] The development of cluster ion beam (e.g., Ar gas clusters) have mafle cluster
sputtering a highly useful method for cleaning organic layers from the surface of inorganic substrafes.[451(46]

A brief description of sofiie-0f the major considerations and issues with sputtering are given here.

Whatevey method is\trsed it is important to provide some measure of the extent of ion exposure} This can
be accomplished by.indicating the ion dose or by some other measure/indicator of the equivalent amount of
sputtered matepial.

Mono-atopmic’ion bombardment will normally mix the top layers of a specimen to a depth that is cgmparable
with the information depth for analyses by AES and XPS.[47] The particular advantage of using Ar cluster ions
for sample cleaning is the major difference in sputter rates for organic molecules in comparison to inorganic
materials. Consequently, an organic contamination layer can be removed without significant impact on the
substrate of interest.

Preferential sputtering occurs when the constituents of a specimen are not removed at uniform rates. Within
the altered layer, for example, the species that sputters most rapidly will be depleted relative to the local
composition of the material. This phenomenon can be an important consideration in quantitative studies,
especially when dealing with metal alloys.[48]
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Sputtering and heating of the specimen (either simultaneously or sequentially) can be used to remove bulk
impurities from metal foils or crystals when impurities segregate to the surface during heating. With single
crystals, heating should be the final step to remove lattice damage.

A.5.3 UVradiation
Exposure of a specimen to ultraviolet radiation in air can remove organic contaminants, including

photoresist residues, from the surfaces of specimens.[#?] Some specimens, however, can decompose on
exposure to ultraviolet radiation.

A.5.4 Fracturing, cleaving, and scribing in situ

A.5.4.1 [racturing

In-situ frgcture has been extensively applied to metal specimens. However, it can be applied ‘equally well to
a broad rgnge of materials, and has found considerable use with composite materials, glasses, and|ceramics.

Impact frpcture is used more frequently than tensile fracture, possibly because stich ‘devices aife simpler
and read]ly available, and many specimens can be fractured, then analysed without breaking vacuum.
In some ¢ases, cooling the specimens to liquid-nitrogen temperatures can facilitate fracture. Devices for
tensile frycture have been reported(30 and are commercially available. Such'devices are usually |imited to
single spg¢cimens per pump-down of the vacuum chamber. Specimens can‘be intergranularly frgctured at
the propeyr strain rate by tensile devices at liquid nitrogen temperatures!

It is poss]ble to pretest specimens for impact fracture by mounting/the specimen in a vice and| hitting it
with a hammer (or by other means) to simulate the action of the fracture stage. If an intergranular surface
is exposefl in this fashion, it is likely that an intergranular failure will also occur using the impadt-fracture
mechanisim in the analysis chamber.

A.5.4.2 [Facture specimen design and preparation

Impact frpcture and tensile fracture devices generally have a preferred geometry for the specifen to be
fractured| The specimens are usually notched.to control the location of the fracture.

Specimenfs with non-ideal geometries for impact fracture can still be fractured in the impact devicg by using
additiona] pieces to allow a non-ideal shape to approximate the ideal shape or by using special [nounting
in the frapture device. When the gegémetry of a specimen does not fit the mounting mechanism |well, or if
the speciinen is brittle, it is advisable to wrap the end of the specimen held in the mount with a fgil such as
aluminium or indium. This proeedure should prevent premature and poorly located fractures.

Metal sp¢cimens can be charged with hydrogen to increase the probability of intergranular| fracture.
[51] The tJme and temperature required for charging depends upon the specimen. Also, some njetals can
be embriftled by expésure to liquid metals such as gallium or mercury.[52] However, interpretatjion of the
results wiill be difficult because of the presence of residual liquid metal atoms in the fracture gurface or

days withled : —Pre-testingisrecommended FeFogen id-metal
charged samples.

A.5.4.3 Cleaving

Cleaving a single-crystal specimen in an analytical chamber requires a special mechanism.[231(54] Cleaving
can lead to the deposition of particles on the specimen surface.

A.5.4.4 Scribing

In-situ scribing to expose bulk material can be performed by scraping the specimen with a hard, sharp
point. Caution should be observed to avoid smearing of the constituents of either the sample or the scribe.
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The scribe mark should be wide enough to contain the primary beam for the selected surface-analysis
technique. A variation of this concept is to use a wire brush within a load-lock chamber. Scribing can lead to

the depos

ition of particles on the specimen surface.

A.5.5 Coatings and growth of overlayers

The interface region between an overlayer and its substrate can be analysed by AES and XPS if the overlayer
can be grown in situ slowly or in discrete steps (e.g., in increments of about one monatomic layer in thickness).
[11] AES and XPS can then be used to probe interface properties and possible reactions as the interface is grown.
Gas-metal, metal-polymer, metal-semiconductor, and metal-metal interfaces can be studied in this manner.

A.5.6 FIB cross sections and crater edge profiling

Sectionin
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priginal surface. The specimen should be tilted during crater formation so that the sh
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Annex B
(normative)

Sources of contamination, sample handling and storage practices

B.1 Introduction

samples o minimize contamination. The elements of B.3.2 are the basis of the requirements)in ¢.2 in this
document. The material included here is discussed in greater detail in the Annexes of 1SQ-20579-1|21.

The focuq of ISO 20579-1 is on the information that the sample “owner” is expected t0, provide to 4n analyst
about the|sample for which surface analysis is desired. Information in the informative annexes i intended
to assist fhe sample owner in collecting and preparing the sample for analysis in a manner that allows the
desired djita to be obtained. The annexes of 20579-1 provide useful information for both the sample “owner”
and the syirface analyst, and some components are summarized here.

The normfative annexes of ISO 20579-1 provide the following information:

— ISO 2(579-1:2024, Annex A - Overview of issues and methods’rélated to sample handling apd a table
identifyirlg typical handling requirements that vary with the nature of the sample and desired infprmation.
This anngx focuses on analysis objectives, with a table providing the overview of handling methods and
containers for different objectives and sample types.

— IS0 20579-1:2024, Annex B - Critical information about sample handling and order of analyses tojminimize
contaminption.

— IS0 20579-1:2024, Annex C - Information for sample storage and transport.

B.2 Potential sources of contamination during handling

Because ¢f the sensitivity of surfae)analysis methods, there are many different actions or procg¢sses that
can conta[ninate a sample duringsélection or handling including:

a) Hand|ing a sample withbare hands, even without touching the surface to be analysed. Fingerprints and
hand|creams have maolécules that can migrate and contaminate a surface of interest.

b) Handling a sample‘with tools that have not been solvent cleaned will transfer and spread contamination
to a qurface. Topls with high Ni-content have been found to contaminate silicon. Use of norjmagnetic
tools|is also~important to both avoid magnetizing a sample and having it move in unintended ways
during nfounting for analysis.

c¢) Any unmecessar § § he [ i eT-1T i e-free gloves
are useful in handhng clean tools but are notto be used to contact the sample unless absolutely essential.

d) Blowing on a sample by mouth is totally unacceptable for removal of unwanted particulates. Many
sources of compressed gas also contain unwanted contaminants. High purity non-reactive gas sources
are sometimes used to remove dust from a sample, but verification that the source, and delivery
hardware (such a tubing or nozzles) do not contaminate a clean sample should be conducted.

e) Storing samples alongside materials which outgas (including storage containers) will contaminate
the sample.
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B.3 Handling procedures to minimize contamination

B.3.1 Introduction

The extent/level of special handling depends on several factors including the condition of the surface,
depth from the surface of the information being sought, and the detection level required to get the desired
information. Generic sample handling recommendations that are useful for most samples are given below,
followed by more specific recommendations.

Special precautions are necessary for samples that possibly contain toxins or other hazardous materials,
and safety data sheets should be provided to the analyst for this type of sample.

Specimenfs should never be in contact with the bare hand. Eliminate or minimize contact sith the sample
surface td be analysed with handling tools or other equipment.

Specimenjs should be transported to the analyst in a container that does not come jrito’direct contact with
the surfage of interest.

In some cases, itis necessary to take a representative sample from the specimen. Selection of a smaller sample
from a lafger specimen requires consideration of the information being seught because inhomggeneities
are often [present. It is recommended that this choice be made in consultation with an experienced analyst.
Specific cpre can be required to avoid contaminating the surface of interest during the cutting prdcedure. It
is often better to request that the analyst, rather than a sample owey,"perform any cutting or seqtioning of
the sample to ensure that it will fit inside the analysis chamber and be suitable for the analysis objectives.

B.3.3 Apalysis objectives determine specific sample handling requirements

B.3.3.1 Pverview

Surface chemical analysis can be performed on,a Wide range of specimens and multiple appropches can
be used tp obtain very different types of information about surfaces or interfaces. The degree pf care in
handling fhe sample that is necessary depends upon the type of analysis that is required and the|nature of
the probl¢m. The information being sought wsually falls into three general categories: (Analysis Objective 1)
informatipn requiring integrity of the outermost surface; (Analysis Objective 2) information as 4 function
of depth (depth profile) or at a buried interface; and (Analysis Objective 3) information that will require
subsequent specimen preparation‘by the analyst, including bulk analysis or results from some type of
sample prfocessing. Subclause B.3.3.5 provides a summary table of the general sample handling ard storage
requiremgnts for the differentianalysis objectives.

Independpnt of the specifie’analysis objective, minimizing contamination of the surface of any pample to
undergo purface analysiS is an essential requirement which places important requirements dn sample
selection,|handling;storage, transport, and related documentation. Some specific requirements felated to
analysis dbjectives'dare indicated in B.3.3, general sample handling requirements were described B.3.2, A.1.1
and 6.2. Additional information related to the specific analysis objectives and useful methods car be found
in ASTM K 829,201 in a paper by Stevie et al.[11], and book chapters by Lindforsl[Zl and Geller.[¢]

Sometimes very special sample requirements are necessary to obtain the desired information. Examples
include the analysis of catalysts after activation and analysis of soils or other environmentally relevant
materials from non-ambient environments. It is useful for surface analysts to have discussions with those
requesting analysis before such samples are submitted, to provide input and guidance on requirements and
opportunities.

Vacuum systems that have been recently used for analysis of mobile species such as organics or materials
with low vapor pressure can be a source of contamination. If recent system use has the potential to
compromise planned analyses, contamination tests or system baking can be necessary to assure reliable
measurements.
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B.3.3.2 Objective Type 1

Objective 1 specimens include those to be investigated for surface contamination, surface organic coatings,
biomaterials (except live organisms such as cells, bacteria, etc.), surface stains, semiconductors, adhesion
failures, etc. Two types of samples can fit into this category, those with highly reactive surfaces that can
require handling in controlled environments, and those for which the ambient-exposed surface is to be
analysed in the as-received condition. This category requires the most care in preparation and packaging.
Nothing should be allowed to contact the surface of interest. If certain elements are to be analysed at low
levels, ensure that, as far as possible, those elements are not contained in any handling tools, gloves or
container materials. Objective Type 1 specimens fall in the first two rows in Table B.1.

Types of specimens that fit analysis Objective Type 1.

a) Reactive specimens where the reactive surface is to be analysed, without special procpssing by
the apalyst or in the instrument, although a reactive surface can require handling in a protective or
anaetfobic environment to minimize additional reaction.

b) Specimens with hydrocarbons, molecular films, or biomaterials on the surface thatyare the obyjective of
the analysis.

) Speci[:ens with a contamination layer that is the object of the analysis.

d) Specimens that have been exposed to the atmosphere and are to be analysed as received.

B.3.3.3 [bjective Type 2

In this clgss, the information sought comes from a layer below.the outermost surface and identification of
superficigl surface contamination is not the primary goal of:the analysis. Objective 2 specimens include
those thaf require the investigation of thick or thin films, sifigle layers, multilayers, metal contact|layers on
semicondpictors, coatings, dopant profiles, and the chemie¢al and physical properties at an interfacg. For this
category, the packaging requirements are not as stringent, although care is still required not to coptaminate
the specifnen. Surface diffusion, however, can play a\role in the interpretation of the results. In thils case the
objective fis not primarily analysis of the outer sugface, but material below this surface, often requifing some
treatmenf in the vacuum system by the analyst.“Care is necessary to avoid carbonaceous and pprticulate
contaminption of the surface as these can migrate and degrade the quality of depth profiles. Obje¢tive Type
2 specimgns are in the third row of Table B.1.

Types of §pecimens that fit analysis Qbjective Type 2.

a) Speci[:ens with atmosphericiadsorbates that might interfere with analysis.

b) Specimens with a contamination layer (or other topmost layer) that is of no interest and thiat will be
remoped just prior te.ihsertion in the analytical chamber (e.g., treatment by solutions, abrasiop, plasma,
expogure to radiation, etc.).

¢) Specimens with)a contamination layer (or other topmost layer) that is of no interest and thiat will be
remoyed in_the analytical chamber.

B.3.3.4 [Dbjective Type 3

Objective 3 specimens include those that require preparation by the analyst or other special handling to
get at the desired information. Examples include specimens for in situ fracture, metallurgical lapping or
polishing, and specimens that are part of a larger assembly. Generally, these specimens must be shaped (e.g.,
for fracture), chemically or mechanically altered (as happens with lapping) or disassembled. Fewer special
precautions are required for samples that are to be fractured or undergo further sample preparation by the
analyst. Nonetheless, care must still be taken not to contaminate the specimen. For specimens in a larger
assembly or subassembly, it might be preferable to leave the specimen in place and let the analyst remove it
prior to analysis. Objective 3 specimens are in the fourth (last) row of Table B.1.
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Examples of specimens that fit analysis Objective Type 3.

a)
b)

prepared in a controlled atmosphere.

9

layer or interface of interest.

d)
e)

Samples that will be fractured in situ.

Thin films that will be delaminated by the analyst prior to insertion into the analysis chamber.

Specimens that will be fractured or freshly prepared outside the analysis chamber, including materials

Uniform thin films that are to be removed by ion etching or scraping in the analysis chamber to expose a

Materials where the information on the bulk properties is desired (any surface layers might require

remo

B.3.3.5
requiren

The minimum handling and specimen container requirements for different categories of in

ARY
arj:

ents

Overview of relationships between analysis objectives and sample handling and’sto

fage

formation

requiremgnts are summarized in Table B.1.

Table B.1 — Minimum handling methods and specimen containers for‘different analysis objectives

Specimer] Specimen category/ Depth |Handling Method Transport and Storagg Contain-

Objective Type of Information er

1 Reactive specimens for Often handled in a specialized |Argon or nitrogen glove|box or
which analyses are to be environment using\clean, vacuum transfer vessel.
performed as close to origi- |non-magnetic, uicoated stain- | Two flat specimens, facq-to-face,
nal condition as possible. less steel or.spécialty tools sealed with PTFE tape.

only; handléd using polyethyl-
ene gloves:

1 Specimens requiring surface | Clean\non-magnetic, uncoated | Clean glass container with glass,
hydrocarbon, molecular, stainless-steel tweezers or PTFE tape, or clean Al fgil stop-
contaminant, or ambient grippers only, handled using |per.
surface layer analysis (e.gi.,«\Jpolyethylene gloves. High quality polypropylene wafer
static SIMS and XPS analy- holder
ses).

2 Specimens where-the 'sur- Powder-free, polyethylene Any of the above
face of interest(dsobscured |disposable gloves holding Clean Al foil.
by a surface cont_amination. specimen by edge. Polyethylene box or bag]
layer fronrhandling or envi- Powder-free, silicone-free,
ronmental €xposure latex gloves holding specimen

by edge.
3 Speeimens with buried in- | Clean tools or handheld by Any of the above

terfaces or layers of interest,
fracture specimens, bulk
analysis.

edges with gloves.
Acid-free, lint-free paper to
hold specimen by edge.

Acid-free, lint-free, pape

3

B.3.3.6 Sample handling priorities

In cases where the analysis will be performed on the “as received” specimen, surface contamination or
atmospheric adsorbates are not usually removed because they are the item of interest. Special care shall be
taken in the handling of these specimens to ensure that nothing, apart from air or clean inert gas contacts
the surface to be investigated. In such cases, it is often appropriate to avoid contacting the specimen surface
with solvents or cleaning solutions, gases such as compressed air or solvent vapours, metals, tissue or other
wrapping materials, tape, cloth, tools, packing materials, or the walls of containers.

To minimize the potential for contamination of the analysis area during handling, select one of the methods
in the list a) to e) below. The list is in approximate order from most stringent to least stringent handling
conditions and columns 1 and 2 of Table B.1 show the relationship to the specimen category and analysis
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