ISO/FDIS 20263

1SO/TC 202/SC 3-N-30p
2024-07-08
1SO/DIS-20263:2024(H)

Secretariat:- JISC

Microbeam analysis — Analytical electron microscopy — Method for
the determination of interface position in the cross-sectional image

of the layered materials

Analyse par microfaisceaux — Microscopie électronique analytique — Méthode de détermination de la positio

d'interface dans I'image de coupe transversale des matériaux en couches

FDIS stage



https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46c6-abf1-3953d7e9a50a/iso-fdis-20263

ISO/BIS-FDIS 20263:2023{E2024(en)

© IS0-2023 2024

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication
may be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying,
or posting on the internet or an intranet, without prior written permission. Permission can be requested from either ISO
at the address below or 1SO'sISO’s member body in the country of the requester.

ISO Copyright-Officecopyright office
CP 56401 « Ch. de Blandonnet 8

CH-12111214 Vernier, Geneva-26
Phone: + 41 22 749 01 11

EmailE-mail: copyright@iso.org
Website: www-ise.orgwww.iso.org

Published in Switzerland-

©1S0 2024 - All rights reserved
ii



http://www.iso.org/
https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46c6-abf1-3953d7e9a50a/iso-fdis-20263

ISO/DISFDIS 20263:2023(E2024(en)

iTeh Standards
(https://standards.iteh.
Document Preview

ISO/FDIS 20263
https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46c6-abf1-3

il



https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46c6-abf1-3953d7e9a50a/iso-fdis-20263

ISO/DIS FDIS 20263:2023(E2024(en)

Contents
Foreword vii
Introduction ix
1 Scope 1
2 Normative references 1
1
3.1 Terms and definitions 1
3.2 Abbreviated terms 4
4 Specimen preparation for cross-sectional imaging 5
41 General 5
4.2 Requirements for the cross-sectional specimen 6
5 Determination of an interface position 6
5.1 General 6
5.2 Preliminary considerations 6
5.2.1 Ideal model of an interface 6
5.2.2 More realistic model of an interface 8
5.2.3 Dealing with intensity fluctuations in the image 11
6 Detailed procedure for determining the position of the interface 12
6.1 General 12
6.2 Preparing cross-sectional TEM/STEM image 15
6.2.1 Preparing digitized Image 15
6.2.2 Displaying the digitized image 16
6.3 Setting the ROI 17
6.3.1 General 17
6.3.2 Classification of image 17
6.3.3 Procedure of setting the ROI 19
6.4 Acquisition of the averaged intensity profile 26
6.5 Moving-averaged processing 30
6.6 Differential processing 32
6.7 Determination of interface position 34
7 Uncertainty 35
7.1 Uncertainty accumulating from each step of the procedure 35
7.2 Uncertainty of measurement result on image analysiS........ououerereeeeeeereererrsssssssssassssssesesssssacacs 36

Annex A (informative) Examples of processing the real TEM/STEM images for three image ggp 38
Al General

A.2 Processing example to type 1 image 38
A2.1 lmage used in a series of the nrocesses 38
2. f th
A.2.3 Acquisition of the moving-averaged processing 42
A.2.4 Differential processing 42
A.2.5 Determination of interface position 43
A.3 Processing example to type 2 image 44
A3.1 lmage used in a series of the nrocesses 44
.3. f th
A.3.3 Acquisition of the moving-averaged processing 49
A.3.4 Differential processing 50
A.3.5 Determination of interface position 51
A4 Processing example to type 3 image 51
A.4.1 Image used in a series of the processes 51

©1S0 2024 - All rights reserved

Edited DIS - MUST BE USED FOR FINAL DRAFT



https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46c6-abf1-3953d7e9a50a/iso-fdis-20263

ISO/DIS FDIS 20263:2023(E2024(en)

A.4.2 Acquisition of the low pass filtering image 55
A.4.3 Acquisition of the averaged intensity profile 59
A.4.4 Acquisition of the moving-averaged processing 61
A.4.5 Differential processing 62
A.4.6 Determination of interface position 63
B.1 General 64
B.2 Application 1: Measurement of layer thickness 64
B.2.1 General 64
B.2.2 Image used for thlS annhcatlon 64
B.2.4 Calculation of layer thickness 69
B.3 Application 2: Calibration of image magnification 70
B.3.1 General 70
B.3.2 Image used for this application 70
B.3.3 Determination of interface position 72
B.3.4 Calibration of image magmﬁcatmn 76
C.1 General 77
C.2 Calibration procedure 77
Bibliography 80
Foreword 4

[}

Y
15y

M

.. . - 4
3—Terms, definitions-and-abbreviated-terms 1
341 Terms-and-definitions 1
1 rd 4.

32— Abbreviated-terms 1
4—Specimen-preparationforcross-sectional-imaging 5
5

eral 4

41— Gener 5
42— Requirementsfor the-eross-sectional specimen 6
. nien 6
51 General 6
51 Gener 6
R rv-considerations 6

52— Preliminary-cor ations 6
521 Idealmodel-ofan-i faca 6
5.2.1—Ildeal model of an-inter 6

}
®

9
. 9
62— Preparing cross-sectional TEM/STEM-image 1
- e 1

. . . 11
6:21—Preparingdigitized-Image H
I 1 joitized-i 12
6-22—Displaying the-digitized-image 12
63 Settinethe ROIL 12
- tting-the ROl 12
aral 12
631—Genet 12
. . . - 19
632—Classifieation-of-image 12

6:4——Acguisition-ofthe-averaged-intensity-profile 18
. ty-prefile 18
6-5. Meoving-a d hrnl‘ncc!hn 20

Meving-averaged-pr 20

©1S0 2024 - All rights reserved
v



https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46c6-abf1-3953d7e9a50a/iso-fdis-20263

I1SO/BIS FDIS 20263:2023(E2024 (en)

6-6 Differen tial processing 21
Pr 5 =X
- . : o 22
6-7——Finallecation-of the-interface 22
intwv 22
7—Uncertainty S
72— Uneertainty-of-measurementresult-onimage-analysis 23
- analysis 23
Anne A info m i e 5 muple 0 . 0 a ine he O
tvpes 25
bl dd =0
Annex B (informative) Two main applications for this method 22
A C (inf ive)-Calibrati £ seal it Pixelsi librati 45
Bibliooraphy 47
Eiblepeashe

©1S0 2024 - All rights reserved

Edited DIS - MUST BE USED FOR FINAL DRAFT



https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46c6-abf1-3953d7e9a50a/iso-fdis-20263

ISO/BIS-FDIS 20263:2023{E2024(en)

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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types of
ISO document should be noted. This document was drafted in accordance with the editorial rules of the
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent rights
in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) patent(s)
which may be required to implement this document. However, implementers are cautioned that this may not
represent the latest information, which may be obtained from the patent database available at
www-ise-erg/patentswww.iso.org/patents. ISO shall not be held responsible for identifying any or all such
patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization = (WTO)  principles in the Technical Barriers to Trade (TBT), see

IA A-ISO-0FS 3
OF

WA WSO iso/ferewordhtmlwww.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 202, Microbeam analysis, Subcommittee SC 3,
Analytical electron microscopy.

This second edition cancels and replaces the first edition (ISO 20263:2017), which has been technically
revised.

The main changes are as follows:
——theforeword-has-beenrevised;
— ——theintroduction has been revised;

— — the normative referencesterms and sources in the-subelausesClause 3-4:433411,3116,31.21 7]

have been revised;

T~

— subclauses 5.2.2,5.2.3, 6.1, 6.2.1,6.7, 7.1, 7.2, A.4.1, B.2.3 and B.2.4 have been updatedrevised;

— —thefigures 3;910, 1512, A2, A3 A4 AS AT AS A ALYAL2 ALEALT-ALS B2, B3, B4, B6, B
and-Cl-have been revised.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.ise.org/membershtmlwww.iso.org/members.html.
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Introduction

Multi-layered materials are widely used in the production of semiconductor devices, various kinds of sensors,
coating films for optical element, new functional materials, etc. One of the factors used to determine the
characteristics of multi-layered materials is the layer thickness, for evaluation of products and verification of
the production process. In practice, measuring the total thickness and/or the thickness of each layer and
checking the uniformity of thickness and/or flatness of the interface are often done using recorded images of
the materials. Evaluations can be made from the cross-sectional TEM/STEM images by accurately determining
the averaged interface position between two different layered materials.

In relation to the determination of the interface position in the HR atomic imaging, analysis by the multi-slice
simulation (MSS) method can be applied for the target measurement, if the atomic structural models can be
constructed. However, in real materials, there are a lot of cases when they cannot, such as:
— ——the interface between amorphous layers, or layers of amorphous substance and crystal;
— ——the interface recorded in low-resolution image in which the atomic columns cannot be identified:

— 1ifor very thick single-layered material;

— 2}for thick multi-layered material.
This document relatesgives the method to determine the averaged interface position; using a differentigl
processing of the accumulated intensity profile gettingobtained from the ROI set in the cross-sectiongl
TEM/STEM image of the multi-layered materialsmaterial. The thickness of the layer that can be applied ranges

from a few nanometers to a few micrometers. Thus, this document is not intended for the determination of
the simulated position of the layer interface analysed by the MSS method.

©1S0 2024 - All rights reserved

1X



https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46c6-abf1-3953d7e9a50a/iso-fdis-20263

iTeh Standards
(https://standards.iteh.ai)
Document Preview

ISO/FDIS 20263
https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46¢6-abf1-3953d7e9a50a/iso-fdis-20263



https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46c6-abf1-3953d7e9a50a/iso-fdis-20263

Microbeam analysis — Analytical electron microscopy — Method for
the determination of interface position in the cross-sectional image of
the layered materials

1 Scope

This document specifies a procedure for the determination of the averaged interface position between two
different layered materials recorded in the cross-sectional image of the multi-layered materials—ttisnet
intended to-determinematerial. This document does not apply for determining the simulated interface of the
multi-layered materials expected through the multi-slice simulation (MSS) method.

This document is applicable to the cross-sectional images of-the multi-layered materials recorded using p
transmission electron microscope (TEM) or a scanning transmission electron microscope (STEM) and cross
sectional elemental mapping images using an energy dispersive X-ray spectrometer (EDS) or an electron
energy loss spectrometer (EELS). This document is also applicable to the-digitized imageimages recorded on
an image sensor built into a digital camera, a digital memory set in the PC or an imaging plate-and, where the
digitalized image eenverted-fromis obtained by converting an analogue image recorded on the-photographic
film byusing an image scanner.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ——ISO Online browsing platform: available at https-//wwweise-erg/ebphttps://www.iso.org/obp

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

311
cross-sectional image
TEM/STEM image of the multi-layered materials along a plane perpendicular to the stacking direction

3.1.2
differential processing
calculation of the difference between the values of adjacent pixel data in the intensity profile
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3.1.3

digital camera

device that detects the image using a chip-arrayed image sensor {3-+12};(3.1.12), such as a charge-coupled
device (CCD) or complementary metal-oxide semiconductor (CMOS), which converts a visual image to an
electric signal

[SOURCE: IS0 29301:2023, 3.7]

3.14
dot pitch
distance between adjacent pixels in pixel-based devices

3.1.5

elemental mapping image

image produced by the selected signal which is attributed to a particular element, from the EDS/EELS
spectrum

3.1.6
FIB thinning
site-specific thinning technique by using focused ion beam to thin a particular region of the specimen

3.1.7
filtering mask
mask to define the cut-off frequency in the reciprocal space

3.1.8

fast Fourier transformation

FFT

efficient algorithm to compute the discrete Fourier transform

[SOURCE: ISO 15932:2013, 5.4.1.1]

3.1.9

inverse fast Fourier transformation

IFFT

efficient algorithm to compute the inverse of the discrete Fourier transform

[SOURCE: IS0 15932:2013, 5.4.1.2]

3.1.10
image file format
format for saving an image as a computer file according to a predetermined rule

3.1.11
image scanner
device that converts an analogue image into a digitized image with the desired resolution

EXAMPLE There are mainly two different types of scanners: flatbed type and drum type.

[SOURCE: ISO 29301:2023, 3.17, modified — example has been added.]

©1S0 2024 - All rights reserved
2



https://standards.iteh.ai/catalog/standards/iso/5ca4b717-22c4-46c6-abf1-3953d7e9a50a/iso-fdis-20263

ISO/BIS-FDIS 20263:2023{E2024(en)

3.1.12

image sensor

device, such as a charge-coupled device (CCD) array or complementary metal-oxide semiconductor (CMOS)
sensor, which converts visual image information to an electric signal, built-in digital camera {3.1.3}(3.1.3) of
other imaging devices

3.1.13
intensity profile
signal intensity distribution along a line specified in the image

3.1.14

interface

boundary surface at the junction of two different layers of materials recorded in the cross-sectional image
{3:113(3.1.1) of the multi-layered materials

3.1.15
ion-milling
thinning technique of sputtering the specimen with an inert gas

[SOURCE: ISO 15932:2013, 4.1]

3.1.16

imaging plate

IP

electron image detector consisting of a film with a thin active layer embedded with specifically designed
phosphors

[SOURCE: ISO 29301:2023, 3.16;150-29301:2010,3.23]

3.1.17
low pass filter
filter to pass signals of frequencies lower than the cut-off frequency

3.1.18

moving average

calculation for averaging the selected dataset which is picked out from equal number of dataset on either side
of a central data

3.1.19

multi-slice simulation

MSS

computer simulation method of high-resolution TEM images, which treats electrons as incoming waves and
treats the interactions with matter as occurring on multiple successive single slices of the specimen

[SOURCE: ISO 15932:2013, 6.4.1, modified — “algorithm for the simulation” has been replaced by “computer
simulation method”.]

3.1.20
multi-layered material
laminated material which is fabricated by alternating layers of at least two kinds of materials on the substrate

©1S0 2024 - All rights reserved
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3.1.21
photographic film
sheet or a roll of thin plastic coated by photographic emulsion for recording an image

[SOURCE: IS0 29301:2023, 3.23]

3.1.22
pixel
smallest unit element that makes up the digital image

3.1.23

region of interest

ROI

sub-dataset picked out from the entire dataset for a specific purpose

3.1.24

ultra-microtome

thin sectioning instrument to prepare the specimen thin enough for TEM observation by using glass or
diamond knives

3.1.25

zone axis

crystallographic direction, designated [u v w], defined by the intersection of a number of crystal planes
(h1,kyli.......hy k1) such that all of the planes satisfy the so-called Weiss zone law; hu + kv + lw = 0

[SOURCE: ISO 29301:20162023, 3.3836]

3.2 Abbreviated terms

AEM Analytical electron microscope/microscopy

CCD Charge coupled device

CMOS Complementary Metal-Oxide-Semiconduetormetal oxide semiconductor
CRT Cathode ray tube

EDS/EDX Energy dispersive X-ray spectrometer/spectroscopy
Although "EDX" and "EDS" are interchangeable, this document uses "EDS".

EELS Electron energy loss spectrometer/spectroscopy

FFT Fast Fourier transformation

FIB Focused ion beam

HREM High-resolution transmission electron microscope/microscopy
IFFT Inverse fast Fourier transformation

MSS Multi-slice simulation

ROI Region of interest

STEM Scanning transmission electron microscope/microscopy

TEM Transmission electron microscope/microscopy
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