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Foreword

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

The transmission electron microscope (TEM) is widely used to investigate the micro/nano-structure
of a range of important materials such as semiconductors, metals, nano-particles, polymers, ceramics,
glass, food and biological materials. The technique used involves the transmission of electrons through
an ultra-thin specimen, interacting with the specimen as they pass through. This interaction results
in a magnified image which is focused onto an imaging device, such as a photographic film, an imaging
plate, or an image sensor built into a digital camera. A TEM is capable of imaging at significantly
higher resolutions than ordinary (light) microscopes. It can be used to examine fine details as small
as a single atomic column in a given specimen. This document addresses the need for magnification
calibfration of the Images. It describes the requirements tor calibration ot the image maghification in
the transmission electron microscope using a certified reference material or a reference nlaterial with
periadic structures.
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Microbeam analysis — Analytical electron microscopy
— Methods for calibrating image magnification by using
reference materials with periodic structures

1

This| document specifies a calibration procedure applicable to images recordedne

mag

calib
of semiconductor or an analysing crystal for X-ray analysis, and a crystal lattice-image of

or si

This

This|document does not apply to the dedicated critical dimensionineasurement TEM (CD-T
scanhing transmission electron microscope (STEM).

2
The

consfitutes requirements of this document. Forddated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO
stab

ISO/]EC 17025:2017, General requirements for the competence of testing and calibration labor

ISO 17034, General requireménts for the competence of reference material producers

For the purposes‘efthis document, the following terms and definitions apply.

[SO dnd IEC miaintain terminology databases for use in standardization at the following add

31

Scope

lﬂification range in a transmission electron microscope (TEM). The reference materi
ation possess a periodic structure, such as a diffraction grating replica, a supet-latti

licon.

Normative references

following documents are referred to in the text in such a way that some or all of t

huide 35, Reference materials — Guidance for characterization and assessment of hom
ility

Terms and definitions

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

ver a wide
als used for
Ce structure
rarbon, gold

document is applicable to the magnification of the TEM image recorded‘on a photographic film, or
an inmaging plate, or detected by an image sensor built into a digital camera. This documen
to the calibration of a scale bar.

t also refers

EM) and the

heir content
applies. For
hts) applies.

hgeneity and

ratories

Iresses:

EC Electropedia: avallable at https://www.electropedia.org/

accuracy
closeness of agreement between a test result and the accepted reference value

Note 1 to entry: A “test result” is the calibrated magnification obtained by the procedure outlined in this
document.

Note 2 to entry: The term “accepted reference value” is the magnification given by the TEM manufacturer.

[SOURCE: ISO 5725-1:19941), 3.6, modified — new Notes 1 and 2 to entry have been added.]

1) Now withdrawn. Replaced by ISO 5725-1:2023.
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3.2
alignment

2023(E)

series of operations to align the incident direction of the electron beam to the optical axis (3.22) using
deflectors and/or mechanical knobs

3.3
certified re
CRM

ference material

reference material, accompanied by a certificate, one or more of whose property values are certified
by a procedure which establishes its traceability to an accurate realization of the unit in which the
property values are expressed, and for which each certified value is accompanied by an uncertainty at

a stated levd

Note 1 to ent}
of periodic in

3.4
contaminaft

formation of a deposited layer of any material due to the interaction of the elegtron beam wit

sample and

3.5
crystal orig
direction of

Note 1 to ent
(low index) z

3.6

diffraction
shadow-cas
per millimef

Note 1 to ent
magnification]

3.7

digital camlera
Hetects the image (3.03) using a chip-arrayed image sensor (3.18), such as a charge-coupled

device that
device (CCD
electric sign

3.8

dynamic range

range of de
detected pr

I'or conridence

y: For the purposes of this document, a CRM possesses periodic structure(s), with the desired
terval and accuracy, to be used for the calibration of the image magnification (3.15).

ion

or its immediate environment

ntation
crystal which is represented by crystal index

y: During TEM imaging, it is often useful to have a crystalline specimen aligned such that a sp
bne axis (3.36) is parallel, or nearly parallel, to the bearvdirection [optical axis (3.22)].

grating replica
Fing carbon replica film constituting a grating which contains 500 to 2 000 parallel grq
re, or cross-line grating with a similar'line spacing

'y: A diffraction grating replica canbe\ised as a reference material (3.25) for calibration of the j
(3.15) in the low to medium-low magnification range.

or complementatrymetal-oxide semiconductor (CMOS), that converts a visual image
al

tectable“electron doses illuminated on the detector, in which the image signal cq
hperly

fange

h the

ecific

oves

mage

[0 an

n be

3.9

excitation current
electric current applied to the coil of the magnetic lens

3.10
focus

focusing condition in which the specimen height coincides with the object plane of the objective lens

3.11
glass scale

ruler on which a fine scale is drawn and utilized as the reference scale to measure the distance in the

digitized im

age after digitizing it with an image scanner (3.17)

Note 1 to entry: The transparency and thermal stability of the glass scale are convenient to get the digitized
reference image with a transmitted image scanner and to make the contact image on the imaging plate (3.16).

2
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3.12

horizontal field width

HFW

original length corresponding to full width in the horizontal direction on a magnified image

3.13
image
two-dimensional projection of the specimen structure generated by TEM (3.34)

Note 1 to entry: A photographic film (3.23), an imaging plate (3.16), and an image sensor (3.18) built into a digital
camera are examples of devices for detecting the image (3.13).

[SOURCE: ISO 16700:2016, 3.2, modified — the term “SEM” has been replaced by the term-{[TEM”.]

3.14
image file
computer file containing information relating to the digitized image

3.15
image magnification
ratio| of the linear dimension of the specific structure/scaling on“the image detectoy, such as a
photographic film (3.23), an imaging plate (3.16), and an image senséh(3.18) built into a digital camera,
to the corresponding linear dimension of the structure/scaling onlthe specimen (3.27)

3.16
imaging plate
IP
electron image detector consisting of a film with a thinactive layer embedded with specifically designed
phosphors

3.17
image scanner
devige that converts an analogue image into a digitized image with the desired pixel-resolution

Note [l to entry: There are mainly two différent types of scanners: flatbed type and drum type.

3.18
image sensor
devige, such as a charge¢coupled device (CCD) array or complementary metal-oxide semiconductor
(CM(@S) sensor, that cofverts visual image information to an electric signal, built-in digital camera or
othel imaging devices

3.19
image wobbley
deflgction coil used to change the direction of incident electron beam onto the specimen (3.R7)

Note |1fe, entry: This coil is activated in a periodic manner with the aim of identifying easily the place of focus
(3.10%

3.20

lattice image

image (3.13) consisting of interference fringes formed by the interaction between the transmitted
electron beam and diffracted electron beam from a specific crystal plane

Note 1 to entry: Lattice fringes can be used to calibrate image magnification (3.15) at the high end of the
magnification range.

3.21

magnetic hysteresis

physical phenomenon related to the magnetizing loop in which the magnetic field strength depends on
the direction of the adjustment of the exciting current for the magnetic lens

©1S0 2023 - All rights reserved 3
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optical axis
straight line passing through the symmetrical centre of the magnetic field of the electron lens

Note 1 to entry: The path of an electron beam along this axis goes through the lens without changing the direction.

3.23

photographic film

negative fil

m

sheet or a roll of thin plastic coated by photographic emulsion for recording an image (3.13)

3.24

pixel-resol
number of i

Note 1 to ent

3.25
reference n
RM
material or
established
for assignin

Note 1 to ent
periodic inte

3.26
region of in
ROI

region of thg

3.27
specimen
small portid

Note 1 to ent

3.28
specimen ¢
part of the
specimen hd

3.29
specimen d
unintention

tion
j:-naging pixels per unit distance of the detector

Fy: The typical unit is sometimes expressed as dots per inch (dpi).

haterial

substance, one or more of whose property values are sufficiently"homogeneous and
to be used for the calibration of an apparatus, the assessment of @ measurement methd
b values to materials

well-
d, or

Fy: For the purpose of this document, an RM possesses periodic pattern(s) with the desired rapge of

'val and accuracy, to be used for the calibration of the imagéymagnification (3.15).

terest

e image (3.13) selected for a specific reason

n of a sample for observation

Fy: For TEM (3.34), a specimen has to be thin enough to transmit the electron beam.

artridge
specimen holder (3:31) which supports a specimen (3.27) and is attached to the tip d
lder for use

rift
hl movement of the specimen (3.27) due to any source (thermal, mechanical, ele

f the

ctric,

charging)

3.30

specimen height
specimen position along the optical axis (3.22) of the objective lens

Note 1 to entry: “Specimen height = 0” corresponds to the specimen position in correct focus under the standard
excitation condition (3.32) of the objective lens.

Note 2 to entry: See Reference [6].

3.31

specimen holder
device that supports a specimen (3.27) in the right position in the pole-piece gap of the objective lens

© IS0 2023 - All rights reserved
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standard excitation condition
setting condition for excitation current to derive the highest performance of the objective lens

Note 1 to entry: Under this condition, specimen height (3.30) shall be set so that the image (3.13) is focused.

Note

2 to entry: This condition is provided by the TEM manufacturer for each instrument.

Note 3 to entry: Image magnification (3.15) is generally measured under this condition; however, as long as
reproducible conditions are established, the magnification can be calibrated at any of the instrument settings.

3.33

supdr-lattice

stab
matd

Note
(3.15

3.34
tran
TEM
instr

e periodic structure which is fabricated by alternating layers of at least two differ
rials

1 to entry: The super-lattice can be used as a reference material (3.25) for calibratien of image
) from a medium-high to high magnification range.

kmission electron microscope

ument that produces magnified images or diffraction patterns of the specimen (3.27) by

beanp which passes through the specimen and interacts with it

3.35
undé
focu

3.36
Zone
cryst
(hy, K

4 1

4.1

The
of th
strug
platd

In g¢g
of in

r focus
ing condition in which the specimen height is further from the objective lens than its

axis
allographic direction, designated [uvw]; defined by the intersection of a number of cr
1 11w ohy, k;, 1) such that all of the planes satisfy the so-called Weiss zone law; hu + kv

mage magnification

Definition of the image magnification

ent kinds of

magnification

ran electron

bbject plane

ystal planes
+Iw=0

mage magnificatiorm(or scaling factor) of the TEM is defined by the ratio of the linear dimension

e specific structube on the detected image to the corresponding linear dimension off
ture in the speeimen. There are three main kinds of image detectors: photographic f
, and imagé&sensor, such as CCD array or CMOS sensor built in the digital camera.

the specific
Im, imaging

neral, the value of image magnification detected on an image sensor is different fr

agé magnification detected on the photographic film or imaging plate under the same electron

optid

al-eonditions for TEM imaging, because the image-detecting positions are differe

m the value
1“ from each

other (see Figure 1).

©ISO

2023 - All rights reserved


https://standardsiso.com/api/?name=a42f9702762dea4c1238ea83445fe1ad

IS0 29301:2023(E)

X
M

'\

I
|/\|/\IO-
s — /|
}E'\}E
O O Ul WON =

K
X

10
13
de—T 14
: 15
1 10
Key
1 electronjgun 9  monitor
2 condensgr lens 10 computer
3 specimen 11 digital eamera (image sensor) 1
4  objectivq lens 12 screén/monitor
5 first magnified image 13 . giewing screen
6 intermediate lens 14~ photographic film/imaging plate
7  second magnified image 15 digital camera (image sensor) 2
8  projector lens

Figure 1 — Detector position in TEM system

4.2 Expressing magnification

The magnification of an imagetecorded on the photographic film or the imaging plate, or detected hy the
image sensdr, is given by ariumber representing the number of times, and the number is accompanied
by the symHbol x (e.g. 10:600x%, 10kx, 1 000 000x, 1Mx or x10 000, x10k, x1 000 000, x1M, where 10{000,
10k, 1 000 Q00 and“"I'M are magnitude numbers). Alternatively, introducing a scale bar having a lgngth
corresponding totuhit length on the specimen can be used to represent the magnification. The digitized
image shouid also indicate a magnification by detailing the number of pixels per unit distance df the
raw data fil

NOTE The horizontal field width (HFW) is another way to define the scaling on a magnified image.

5 Reference materials

5.1 General

For calibrating the magnification of an image, wherever possible, choose a CRM that is produced in
accordance with ISO 17034 and certified in accordance with ISO Guide 35.

When a suitable CRM is not available, an RM produced in accordance with ISO 17034 may be used.

6 © IS0 2023 - All rights reserved
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5.2 Requirements for CRM/RM
Ensure that the chosen CRM/RM
— is stable with respect to vacuum and repeated electron-beam exposure,

— s aligned to a low-index zone axis along the electron optical axis, if the specimen region is a single
crystal,

— provides a good contrast and clear interface for the periodic structure in the TEM image,

— can be cleaned to remove contamination without causing mechanical/electrical damage or
Iistortion,

as a smooth surface on both sides and identical thickness for a super-lattice-stbucture, at least
yvithin the area used for the calibration process, and

— las an associated valid calibration certificate.

NOTH Single crystal specimens of pure elements used for calibration do fiot need a calibratjon reference
certificate.

5.3 | Storage and handling
The CRM/RM shall be stored in a desiccating cabinet or in a vacuum container.

To efsure minimal handling of the actual CRM/RM, it may be permanently mounted on|a specimen
hold¢r or a specimen cartridge.

The CRM/RM should be carefully handled without-€ausing damage during the handling.

Check the contamination and deterioration of,the CRM/RM, as these may affect calibration. Do not use
the QRM/RM if it is damaged or grossly contaminated.

Check the calibration of the CRM/RM;at intervals by comparing its calibration values with those of
other CRMs/RMs; record the results. The frequency of verification may depend on the nature and usage
of thg CRM/RM.

The CRM/RM shall be used for'calibration purposes only.

6 Calibration procedures

6.1 | General

Parametets-that influence the magnification of a TEM may cause systematic errors. Theseare listed in
AnngxA for additional information.

A major factor that influences the reproducibility of the calibration is the magnetic hysteresis of the
electromagnetic lens. It is necessary to minimize its influence by adopting the procedure described
below in the same sequence each time, especially related to the direction of magnification setting
(higher to lower, or lower to higher). Also, the specimen height and focus setting will influence the
reproducibility of the calibration.

To obtain the value of the uncertainty within the laboratory, it is necessary to repeat the calibration
procedure periodically.

The selection of the CRM/RM depends on the magnification range being used and the accuracy required.
For the purpose of this document, ensure that the uncertainty and repeatability of the calibration is
less than £5 % and 98 %, respectively.

The flowchart of the calibration procedure is shown in Annex B for additional information.

©1S0 2023 - All rights reserved 7
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6.2 Mounting CRM/RM

At the time of mounting the specimen, ensure that the handling of the CRM/RM is carried out in
accordance with 5.3.

Mount the CRM/RM in accordance with the instructions provided by the TEM and the CRM/RM
manufacturers.

Check that the CRM/RM is securely fixed on the specimen holder or specimen cartridge so that it does
not move from its mounting. This enables any image degradation caused by vibration to be minimized.

Check that

he height of the specimen in the specimen holder is at the position recommended by the

TEM manuf:

It is desirab
the specime

hcturer's instructions, in order to keep the eucentric condition.

le to use a double-tilt or tilt-rotate specimen holder for aligning the crystal orientati
n to the optical axis.

6.3 Setting TEM operating conditions for calibration

Fating condition of the TEM according to the following procedures to ensure, as f
p of the same conditions.

hat the degree of vacuum in the TEM column is lower than 4054 Pa and stable.
h voltage shall be applied and an appropriate time be alowed for it to stabilize.

Oil-filled 100 kV tanks take about 2,5 h; gas-filled>tanks take about 45 min. Higher vd
ents are normally operated with the high voltage.€ontinually applied; therefore, a stabiliZ
not usually required.

nti-contamination device, if needed.

specimen region of interest (region) for the calibration which is clean and free from darn
he eucentric height of the region dnd adjust the height of the region, if necessary.

to minimize the effect of the magnetic hysteresis of the lenses, set the magnification g
the target value for calibration according to the same sequence; for example, adjustah
cation than the target magnification at first, then set the target magnification after thg

excitation of the objective lens to the desired reproducible value; the standard condit
ended.

he specimen’height to focus the magnified image projected on the fluorescent screef
itor or the\personal computer (PC) screen. If the TEM in question is not equipped W
n-height'control function, this procedure can be omitted.

astigmatism at a slightly higher magnification than the target value and adjus

Set the ope
possible, usg
a) Checkt
b) The hig
NOTE
instrum
period id
c¢) Usean{
d) Selecta
ensure
e) Inordey
TEM to
magnifi
f) Setthe
recomn
g) Adjust
TV mon
specimg
h) Correct
accelerad

pon of

pr as

ltage
ation

hage,

fthe
gher
ht.

on is

1, the
ith a

t the

ting voltage centre. For example, if the target calibration is x100k, set the magnificati

on in

the range x150k to x200k for alignment.

i) Switch the observation mode of the TEM to the selected-area electron-diffraction (SAED) mode
or the convergent-beam electron-diffraction (CBED) mode from the image mode. Also, make sure
that the objective aperture is removed. For the SAED mode, it is necessary to insert a selected-
area aperture over the area of interest of the specimen in order to project a selected-area electron-
diffraction pattern on the viewing device (fluorescent screen, TV monitor, PC screen).

j)  Adjust the condenser lens system to provide nearly parallel illumination conditions.

k) Align a low-index zone axis of the crystal parallel to the optical axis (i.e. zone-axis illumination), if
the specimen is a single crystal (see Figure 2).

© IS0 2023 - All rights reserved
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a) Off-axis condition b) Zone-axis condition

Figure 2 — Difference of diffraction pattern by crystal orientation

1) Insertthe objective aperture, centring it about the electron optical axis.
m) $witch the observation mode of the TEM back to the image mode,
n) Return the magnification to the target value of calibrationgand set the excitation cyrrent of the
bjective lens to the standard exciting condition again.
o) Apply a relaxation function to relax the magnetic hystereésis of the objective lens, if the[TEM has it.
p) Adjust the specimen height to focus the magnified’image roughly. If the TEM in qugstion is not
¢quipped with a specimen-height control function, this procedure can be omitted.
q) Adjust the fine focus by varying the exciting'current of the objective lens. If necessary, |t is possible
o use the image wobbler function for, focusing the image. However, the function related to the
ptimum under-focus condition linked with the image wobbler function shall be turngd off, if the
TEM is equipped with this functions
r) Adjust the illumination condition of the condenser lens system (spot size and brightness) with
feference to the dynamic range of each detector to obtain image contrast in the whple dynamic
fange.
The ¢ondenser lens system/should be operated under conditions which approach parallel ijlumination.
Alternatively, they sheuld be done under a condition where it is documented that the beam gonvergence
no longer affects théimage focus. This can be done by recording multiple images under varying degrees
of bepm convergénce.
6.4 | Capturing digitized image
It is|rnegessary to digitize the image in order to minimize readout error on the measurement of
magnification. The bit depth of digitization of the {mage shall be [arger than 8 bits. 1nere are three
ways of digitizing the magnified image corresponding to each image detector (see Table 1).
Table 1 — Comparison table for image detector
Image detection Apparatus for digitization Pixel size
Photographic film Flatbed image scanner Determined by pixel-resolution applied to image
scanner
Imaging plate Dedicated image digitizer | Determined by laser-beam diameter for readout
Image sensor (digital cam- — Same size as that of the image sensor
era)
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a) Photographic film: the magnified image (for calibration) is directly exposed on it. The analogue
image recorded on the photographic negative film shall be converted to a digitized image by using
an image scanner, according to the procedure described in 6.5. It is preferable to use a flatbed
image scanner, because it is easy to set the glass scale in it for pixel size calibration.

b) Imaging plate (IP): the magnified image (for calibration) is directly exposed on it. The recorded
image shall be obtained with a dedicated image digitizer (IP reader) which in turn is connected to a
PC.

c) Image sensor: the image (for calibration), captured by the image sensor (built into a digital camera
and connected to a PC), is digitized and displayed on the monitor screen of the PC system. The
imageS De—Saveto1 re-HrereT Y re— 'v"”i';'”ii‘ ‘vv’;"v"’i‘ v
Ensure fhat the procedure for normalization of gain is performed to get the uniform backgto
the digifal camera image.

Before and dluring the execution of the digitization procedure, ensure the following conditions.

— The correct sensitivity setting is used for the photographic film used to get the negative image|with
proper ¢ensity and contrast on the film.

— The exgosure time is short so that the blurring of the image due to specimén drift is minimized in
the recqrded image.

— The readout process of the magnified image detected by the digital.camera does not use “binping”
treatmgnt.

— Uncompressed file format, such as ESP, PICT, TIFF, or Windows bitmap, or a reversible (lossless)
comprepsed file format, such as GIF or PING, shall be used for saving the digitized image.

— Ethical digital imaging requires that the original-uncompressed image file be stored on archival
media (e.g. CD-R) without any image manipulation or processing operation. All parameters of
the profuction and acquisition of this file, asswell as any subsequent processing steps, shdll be
documented and reported to ensurereprodueibility. Thisisaquote from the MSA (Microscopy Society
of America) Policy on Digital Imaging. Generally, acceptable (non-reportable) imaging operafions
include |gamma correction, histogram stretching, and brightness and contrast adjustments. All
other operations (such as unsharp-masking, Gaussian blur, etc.) shall be directly identified by the
author as part of the experimental)methodology. However, for diffraction data or any other ijnage
data that is used for subsequent.quantification, all imaging operations shall be reported.

6.5 Digitlzing the imagerécorded on photographic film

6.5.1 Genleral

The flatbed|imagesseanner with a transparent manuscript unit can be used to convert the analogue
image reconded on the photographic negative film to a digitized image. The direction of the perjiodic
structure irf Hie image on the negative film along the Y-axis of the PC display needs to be adjysted
within a few degrees. Also, in order to minimize the edge-distortion effects of the image scanner, set
the negative film near the centre of the scan area.

6.5.2 How to decide the pixel-resolution for digitization

Generally, when the length, L, is measured with the dispersion (measurement deviation), dL, the
minimum scale unit of the measurement shall be less than 1/10 of dL. This relation shall apply when
considering the pixel size setting at the digitization of the recorded image on the photographic negative
film by an image scanner.

Figure 3 shows the image of the specimen (CRM/RM) schematically in the plane of the image detector/
display (negative film, IP, PC display, etc.). Note that the periodicity of the specimen is approximately
aligned to the Y-axis. 6 is the angle between the Y-axis and the axis (longitudinal direction) of the
specimen. As seen in Figure 3, the target length (i.e. the actual transverse length of the specimen), L,,
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indicated by Key 1, in millimetres (mm), is calculated from the value of 6 and the length, L, indicated
by Key 2, in millimetres (mm), is extracted in the parallel direction to the X-axis, using the formula,
L,=L, x cos 6.

Also, Lg(yip is the minimum extracted length from the whole series of recorded images and U, in
per cent (%)), is the dispersion obtained for the images of the CRM/RM. The pixel size or the scale unit,
S, can then be set so that the condition set in Formula (1) is satisfied. Note that all the recorded images
shall be digitized with the same value of S.

SS(Le(min)x%J X % (1)
where

R is the pixel size or the scale unit, in millimetres (mm);

Le(min) 1s the minimum extracted length from the whole series ©f-recorded|images, in

millimetres (mm);
U is the dispersion obtained for the images of the CRM/RM inper cent (%).

The ppixel-resolution, R, (dpi), of the flatbed image scanner cerresponding to the scal¢ unit, S, in
millimetres (mm) is calculated using Formula (2):

254 25400

=75 Le(min) XU (2)
whertte
R is the pixel-resolution (dpi) of the ftatbed image scanner;
h) is the pixel size or the scale unit, in millimetres (mm);
Le(min) 1s the minimum extraeted length from the whole series of recorded|images, in
millimetres (mm);
U is the dispersion(obtained for the images of the CRM/RM in per cent (%).

If S is smaller than 0,025 4 mm, set the pixel-resolution, R (dpi), to be greater than or gqual to the
calcylated value fronCEormula (2).

However, if S is larger than 0,025 4 mm, the calculated R, will be smaller than 1 000 dpil Such a low
valug of the pixel-resolution is unsuitable for making the appropriate measurement. In sudh a case, set
the pixel-resalution to 1 000 dpi or more.

EXANMPLEY  Ifthe minimum length, Le(min), and the dispersion, U, are 5 mm and 2 % respectively, the calculated
valuelof-§ < 0,01 mm. This corresponds to the pixel-resolution, R, > 2 540 dpi

EXAMPLE 2 If the minimum length, Le(min, and the uncertainty, U, are 20 mm and 2 % respectively, the
calculated S and R, values are 0,04 mm and 635 dpi, respectively. This value of pixel-resolution is too poor to
analyse the digitized image. In this case, set the pixel-resolution = 1 000 dpi.
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identificatign of edges should\ ed to assist in the detection of L,. (see Figure 3, Key 1).

The measur
a) anglem
b) length 1

c) average

ement softwa&ould provide the following basic functions:

easurement;

ne%@ent of the pixel unit;

ddine-profile function for arbitrary number of lines;

Iy line for length, L, QQQ
ength, L, \\
red length, L, parallel to the X-axis \0
%
&
Figure 3 — Schematic image of periodic p@tern with a layered structure
¥
urement of the angle-corrected\%l‘&ance, D, from the digitized image
S
efacts in identifying the s of the features to be measured, the analyst should define
H end points (edges) for, suring the angle-corrected distance, D, (see Figure 5, Key|1) in
| image correspondi the target length, L, (see Figure 3, Key 1). Automated computer

d) region function on the averaged line profile;

e) edge-detection function for the data in region, such as differential processing and maximum/

minimu

m peak detection.

Do not use a photocopy, or similar, of the digitized image to avoid introduction of an artificial error.
This is important to enable someone else to check this procedure with the same software.

12
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6.6.2 Measurement procedure

Get the angle-corrected distance, D, (see Figure 5, Key 1), in pixels, in the display plane of the image (PC
display) using the following procedures, and record the measured values in the data sheet.

a) Measure and record the tilt angle in degrees between the longitudinal direction of the periodic
structure in the digitized image (interface direction) and Y-axis of the PC display (see Figure 4).

Key
- — — | interface direction

g}e 4 — Tilt angle, 0

b) Extract the basic pitch distance, D (see Figure 5, Key 2), in pixels, from an arbitrgry line, LA,
parallel to the X-axis oé} dlsplay (see Figure 5). Measure the basic pitch distdnce, D, (see
Figure 5, Key 2) as the ¢ e-to-centre; alternatively, the analyst can measure the distance either
left edge of the firs -“left edge of the last line” or “right edge of the first lihe”-to-“right
bdge of the last lin%ﬁr the target area of the periodic structures of the CRM/RM. Pdints, P; (see
igure 5, Key 3) %\d (see Figure 5, Key 4), correspond to both ends of distance, D, (§ee Figure 5,

Key 2). Q

— Uset erl value as the measurement unit.

[EURTEy-N

T duce the influence of image noise in the line profile along a line, LA, and to jmprove the
nal-to-noise ratio, apply an averaging processing along the periodic structure (rjot along the
ax1s) for n lines (see Figure 6, Key 2).

— A procedure for choosing n (the number of lines for averaging) is described in Annex C for
additional information.
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Figure 5 — Relationslﬂp)etween D, D,and LA

1 averaging direction

2 nlines

14

o

Figure 6 — Scheme of averaging for n lines along the direction of the periodic structure

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=a42f9702762dea4c1238ea83445fe1ad

IS0 29301:2023(E)

c) Detect and record the pixel positions of both ends, P; and P, (see Figure 5), of the basic pitch
distance, D, (see Figure 5, Key 2), in pixels, on the arbitrary line LA (see Figure 5), by using a
measurement software program applied for the averaged line profile.

d) Calculate using Formula (3) and record the basic pitch distance, D, (see Figure 5, Key 2):

D, =[P, | G)
where
is the extracted basic pitch distance represented by pixel units on the digitized image (see Figure 5);
P, is the pixel positions of left ends of the basic pitch distance, D, (see Figure 5, Kéy 3], in pixels;
I, isthe pixel positions of right ends of the basic pitch distance, D, (see Figure 5, Key #), in pixels.
Measure the basic pitch distance, D, (see Figure 5, Key 2) either as the centre-to-centre|or the edge-
lo-edge distance from the periodic structures of the CRM/RM.

e) (alculate using Formula (4) and record the angle-corrected distancé/D,, in pixels (see Higure 5, Key

1) corresponding to the target length, L, (see Figure 3, Key 1), forthe magnification caljbration.
D, =D, xcos 6 4
whefe
D, isthe angle-corrected distance in pixels (see'Figure 5, Key 1);
D, is the extracted basic pitch distance represented by pixel units on the digitized image (see
Figure 5, Key 2);
@ is the measured tilt angle betwéen the direction along the periodic structure and [f-axis of the
PC display (see Figure 5).

f) Repeat the measurement atdeast three times at separate locations at least (p + 10) pixels apart on
the digitized image, where_p is the number of lines applied to the averaging to get the|smooth line
profile.

6.7 | Digitization ofreference scale for pixel size calibration

To gdt a real dimefsion in SI units from the digitized length, it is necessary to calibrate the|pixel size, S,

in m{llimetres (m), applied to the image digitization.

Wheh a_ phiotographic film, a), or imaging plate, b), is used as the image detector, it is rjecessary to

calibrate ‘the pixel size by using the digitized reference scale in the same manner as that used for

digitizatienof-the-image—On-the-other-hand-when-the-image-sensere}is-used-as-the-image detector,

the value for the individual image sensor siz

€,

pixel size of the digitized image.

as guaranteed by the manufacturer, can be applied to the

a) Photographic film: a traceable calibrated ruler of a known accuracy and capable of measuring about
5 mm to 10 mm shall be used as a reference scale. Digitize the reference scale with the same flatbed
image scanner under the same condition of pixel-resolution as used for the image digitization of
photographic negative film. The direction of the reference scale shall be adjusted along the X-axis

of the PC display, within a few degrees tilt (see Figure 7).

NOTE Typical reference glass scales are listed in Annex D for additional information.

© IS0 2023 - All rights reserved
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ll'l'l'l',l,l,l,T,

Key
1 PC monitqr
2 reference fscale

Figure 7 — Arrangement of reference scale displayed on the PC monitor

b) Imaging plate (IP): to get a contact image of a reference scale on the IP, place a traceable calibrated
ruler of|la known accuracy, capable of measuring around 50 mm to 100 mm, in contact, and shfine a
fluoresgent lamp to obtain a contact image. S¢an this image with the same dedicated digitizer (IP
reader){under the same laser beam conditipnas that used for the image read-out. The directipn of
the refdrence scale shall be adjusted along the narrow side or another side of the imaging plate,
within a few degrees tilt.

c) Image spnsor: as mentioned in 6.4; because the image sensor is builtinto the digital camera attgched
to the TEM column, it is very difficult to calibrate the pixel size by using the reference scale or ¢ther
materials. Therefore, the siz€ of the individual image sensor written in the specification guaranteed
by the manufacturer can beZapplied as the pixel size of the digitized image.

6.8 Calibration of image magnification

6.8.1 General

The target b the
angle-corre Do unit
(= pixel size), S, in millimetres (mm). Then, the image magnification, M, can be calculated by dividing the
target length, L, in millimetres (mm), by the original length, L, in millimetres (mm), on the specimen
corresponding to L,.

ength, L, in millimetres (mm), on the detector plane can be obtained by multiplyin

)

6.8.2 Calibration of scale unit (= pixel size), S

When using a photographic film or an imaging plate, the pixel size of the digitized reference scale shall
be calibrated to calculate the real dimension of the digitized distance.

Measure and record the number of pixels, N (see Figure 8), along the X-axis of the PC display,
corresponding to the arbitrary readout length, W, (see Figure 8), in millimetres (mm), and determine «
(see Figure 8). Use Formula (5) and Figure 8 to calculate W.
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1 refference scale axis

W,, in millimetres (mm), is the observed value from the digitized reference scale, not th
valug¢ obtained by using other scales applied to the PC display, as'shown in Formula (5):

where

Then

.

W =W, Xcos o

IV is the length, in millimetres (mm), obtaitfed by projecting W, on the X-axis of the P

is the observed value of the arbitrary readout length from the digitized reference
limetres (mm);

a

& is the tilt angle between the scale axis and the X-axis of the PC display.

valug¢s in the data sheet.

wherte

. W W, Xcosa
N N

§ isithe pixel size, in millimetres (mm);

Figure 8 — Reference scale inclined with the tilt angle, ¢, to the'X-axis of the PC display

e measured

(5)

C display;

tcale, in mil-

, the pixel size, S, in millimeétres (mm), can be calibrated using Formula (6). Record thle calculated

(6)

readout length, W,;

N_A4s the number of pixels, along the X-axis of the PC display, corresponding to the arbitrary

W is the length, in millimetres (mm), obtained by projecting W, on the X-axis of the PC display;

w.

a
limetres (mm);

a isthe tilt angle between the scale axis and the X-axis of the PC display.

is the observed value of the arbitrary readout length from the digitized reference scale, in mil-

When the digital camera is used for this calibration procedure, the individual image sensor size defined
in the specification, guaranteed by the manufacturer, can be used as the pixel size, S. Record the
guaranteed values on the data sheet.

© IS0 2023 - All rights reserved
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6.8.3 Calculating image magnification

Determine the image magnification, M, on the image detector plane using Formula (7):

L. D, xS
- L_t = tL (7)
(0] ()
where
M is the image magnification on the image detector plane;
hging
hrget
hrget
S isthe scale unit (= pixel size), in millimetres (mm), of the digitized jmnage.
When a phofographic film or an imaging plate is used, Formula (7) can'be expanded as Formula (8)):
D, xW_ xcos o
M=| 2 a0 & / 8
(A ®)
where

M is the image magnification on the image detector plane;

D, is the angle-corrected distance, in pixels;-on the digitized image, corresponding to the target
length, L;

W, is the arbitrary length (directly observed value), in millimetres (mm), on the digitized
refdgrence scale;

a isthe tilt angle, in degrees; between the scale axis and the X-axis of the PC display;

N is the number of pixels, along the X-axis of the display, corresponding to the length, ¥, in
millimetres (mny),)which is the projection on the X-axis of the arbitrary length, W,, in
millimetres (mmj;

L, isthe original'length, in millimetres (mm), on the specimen plane, corresponding to the target

length,d

(0]

6.9 Calibration of scale bar

6.9.1 General
The scale bar is useful to measure the particle size, the line width, and the distance in the structure, on

the magnified image. The length of scale bar can be calculated according to calibrated magnification, M,
and calibrated pixel size, S, in millimetres (mm).
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6.9.2 Basic scale size corresponding to one pixel on the digitized image

The calibrated pixel size, S, in millimetres (mm), can be transferred to the basic scale size, S, using

Formula (9), in millimetres (mm), corresponding to its length on the specimen plane:

Sy is the calibrated pixel size, in millimetres (mm), on the specimen plane;

§ isthe calibrated pixel size, in millimetres (mm), on the digitized image;

M is the calibrated magnification.

6.9.3 Calibration of scale bar

9

The pumber of pixels, N, and the displayed length, L , in millimetres (mm)jof the scale bar cofresponding

to the unitlength (1 mm) on the specimen plane can be calculated using-Formulae (10) and

(11D):

I
S, S

1, =N,xS=M

where

is the number of pixels of the scale-bar corresponding to the unit length (1
specimen plane;

1, is the displayed length, in millimretres (mm), of the scale bar corresponding to the
(1 mm) on the specimen plane;

§;, isthe calibrated pixelsize, in millimetres (mm), on the specimen plane;
§ isthe calibrated pixel size, in millimetres (mm), on the digitized image;
M is the calibrated magnification.

These results cam-be extended to the different scale units, expressed in micrometre
nangmetres (any).

For the unijtlength of 1 pm, the number of pixels, N, ), and the displayed length, L)), in
(mm), of the scale bar are calculated using Formulae (12) and (13):

(10)

(11)

mm) on the

unit length

s (um) and

millimetres

1 (M
Ny(um) :F(?)

M

Lyum) “10
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where
Ny(um) is the number of pixels of the scale bar corresponding to the unit length (1 pm) on the spec-
imen plane;
Lyum) Isthedisplayed length, in millimetres (mm), of the scale bar corresponding to the unitlength
(1 um) on the specimen plane;
S is the calibrated pixel size, in millimetres (mm), on the digitized image;
M is the calibrated magnification.
Also, for the unit length of 1 nm, the number of pixels, N, and the displayed length, Lu(nm), in
millimetres|(mm), of the scale bar are calculated using Formuﬁae (14) and (15):
1 (M
ey a4
M
Lu(nm) 7 F (15)
where
Nym) fis the number of pixels of the scale bar corresponding tq the unit length (1 nm) on the $pec-
imen plane;
Lymm) Jsthedisplayedlength, in millimetres (mm), of théScale bar corresponding to the unitlgngth
(1 nm) on the specimen plane;
S is the calibrated pixel size, in millimetres (mm), on the digitized image;
M is the calibrated magnification.
6.10 Calibration procedure for length. measurements using photographic film only
Uncertainti¢s of image digitizing and\pixel calibration can be avoided by measuring the target length,
L,, directly gn the film negative. In this case, only the uncertainty of the glass scale has to be taken into
account. Forl this measurement-however, it is important to minimize the measurement error.
7 Accuracy of image'magnification
The accuragy, 4, injper cent of the given magnification, M,, can be determined by calculating the
difference, AM, using Formulae (16) and (17):
AM =M} ~“M (16)
M,-M M
Az( & J-100=(A—]-1oo (17)
M
where

AM is the difference between M and Mg;

A
M

Mg

20

is the accuracy;
is the calibrated image magnification;

is the given magnification indicated on the TEM display.
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It is noted that the uncertainty due to operating conditions of the TEM apparatus, etc. and statistical
errors due to any unavoidable inhomogeneity of the CRM/RM, etc. are included in the result of the
magnification calibration (see Annex A for additional information.)

8 Uncertainty of measurement result

There are alot of factors that influence the measurement results for the magnification calibration. These
are listed in Annex A for additional information. Although the entire uncertainty of the measurement
result may be calculated by considering the individual uncertainties, it is very difficult to measure each
individual uncertainty corresponding to each of the factors independently.

In th

Acco

include op_, 04, oy, and g, and Type B uncertdinties (Ug) include o

facto
prov

The

meas
the

and (

NOTH
unifo

The
mea

is document, the entire uncertainty shall be treated by the following seven factors;

b.n  Uncertainty of the reference materials (RM) for magnification;

D Uncertainty of the reference glass scale;

DS Uncertainty of the image sensor size of the digital camera;
Op, Uncertainty of the basic pitch distance, D;

Do Uncertainty of the tilt angle, 6, at image digitization;

DN Uncertainty of the pixel number, N;

Y Uncertainty of the tilt angle, @, at scale digitization.

a

rding to the GUM, these uncertainties are classified into two categories; Type A uncer
rm» Og and oyg. The v

r included in the Uy shall be obtained’from (C)RM certificate and/or technical doq
ded by the manufacturer.
uncertainties, Op,» Og ON and( gy, shall be calculated from the results by m and

urements, respectively. To do.this, the procedures from 6.2 to 6.6 shall be repeated m
D, and oy, and similarly,the procedures from 6.7 to 6.8.2 shall be repeated n times t

b, (see Figure 9). The frequency of repetitions (namely m and n) shall be three times o

1 If oy, 04 and'ggsare not presented, each uncertainty, o, can be calculated based on the
rm distributiontreatment.

combined standard uncertainty, U, of the calibrated magnification for m and n
urements can be calculated using Formula (18) or Formula (19).

fainties (U,)
hlue of each

umentation

n replicate

times to get
o get the oy

more.

procedure of

ndependent
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In the case of the photographic film or the imaging plate, use:

(S5 (3] ot

Also, in the case of the digital CCD camera, use:

2 2
by (22 [ 22 ot v 09

The expanded uncertainty, U, of the calibrated magnification for a series of measurements cgn be
defined using Formula (20):
U =kxU). (20)
where k is the coverage factor.
NOTE 2 Fqr a confidence limit of 95,45 %, k is set to 2, and for a confidence limit of 99,73 %, k is set to 3.
Y
RM setting ey Uncertainty of RM:
O-I‘m
¥ S *
Uncertainty of glass Digitize
TEM setting scale: A\ il b reference glass
Ug\.o scale
Image recording Un \i‘rllty of image Measure
and =f» _ - sensor: scale distance
image digitizing Os (3 positions x 3 times)
Measure LC Magnification Calibrate
target length > calibration T ixel size
(3 positions x 3 times) p
Y
Repeat| mtimes _,-\ Y ,-\_ Repeatn times || |
(m=3) : : : (M=3)
A 4 A 4
Calculate standard deviation for » : > Calculate standard deviationfor
measured target length: op_, 0g measured pixel size: oy, 0,

Figure 9 — Main five factors related to the uncertainty
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Calibration report

General

The calibration report carried out by the laboratory shall be accurate, clear, unambiguous and in
accordance with the specific instructions in the calibration procedures given in Clauses 6 to 8.

The results of the measurements shall be listed in a test report and, in addition to the information
requested by the client, shall include all the information necessary for the interpretation of the
calibration results and that required by ISO/IEC 17025:2017, 7.8.2.

In tHe case of calibrations performed for internal clients, or in the case of a writted
with| the client, the results may be reported in a simplified way. The inforniatic
ISO/]EC 17025:2017, 7.8.2, which is not reported to the client, shall be readily available\in th
which carried out the calibrations.

9.2

In the calibration report, include the following and any other relevantinformation which
the results of the calibration. An example of a report is given in Annex E for additional infoq

a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
1)

Contents of calibration report

title (e.g. “Test reports” or “Calibration certificates”);
mame and address of the laboratory;

feference number of the calibration report;

mame and address of the client, where relevant;

identification of the method used (i.e. this.document);

Iuanufacturer's name, model name and the serial number of the TEM used,;
ame and identification of the reference materials used;
gpecific operating values of the accelerating voltage, in kilovolts (kV);

type of image formatioh mode used, i.e. LOW MAG mode, MAG mode, SAMAG mode
mode;

3ll lens currents for'the magnification being calibrated;

tlype of specimen holder used;

rocedure+to set the target magnification for calibration;

ahufacturer's name, model name and the serial number of the digital camera used f

agreement
n listed in
e laboratory

could affect
mation.

MAG Zoom

or detection

fthe image;

specifications of image sensor built into the digital camera; number of pixels in X and
and pixel size of individual image sensor;

manufacturer's name, model name and the serial number of the film scanner u
digitization of the image;

name and identification of the glass scale used as the reference scale;
name and identification of the application software used;

number of measurements taken (n and m) and results of calibration: magnifications in
or Y with the accuracy and uncertainty;

name of the person conducting the calibration;

© IS0 2023 - All rights reserved
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t) date and time of the calibration;
u) name(s), function(s) and signature(s) of person(s) authorizing the calibration certificate;
v) whererelevant, a statement to the effect that the results relate only to the items tested or calibrated.

For hard copies of test reports and calibration certificates, it is recommended that the page number,
total number of pages and number of the calibration report are included.

It is recommended that laboratories include a statement specifying that the calibration report shall
not be reproduced except in full, without written approval of the laboratory.

w) if requefted by the customer, the algorithm used for the application program shall be disclosef.

24 © IS0 2023 - All rights reserved
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Parameters that influence the resultant magnification of a TEM

A.1 The parameters listed below may interact with each other and are considered in order of their

A.2 | Electron-gun high-voltage instability or drift can change the energy of theselectrons, thereby
changing the final focus which affects the magnification calibration.

A.3 | Even if the target magnification for calibration is the same, a calibrated-magnificatiop may differ
in each applied accelerating voltage (e.g. 100 kV, 200 kV, etc.).

A.4 | An uncorrected objective-lens astigmatism can give a false indication of the exact foqus.

A.5 | The electron-beam convergence can also affect the.,/image focus, particulafly at high
magnifications. The condenser lens system should be operated under conditions whi¢h approach
parallel illumination. Alternatively, they should be done tnder a condition where it is documented that
the Heam convergence no longer affects the image focuszThis can be done by recording multiple images
unddr varying degrees of beam convergence.

A.6 | Residual magnetic hysteresis, particularlyin the objective lens, can change the focal fonditions.

A.7 | The alteration and instabilities of theexcitation current of the objective lens can change the focal
condjtions.

A.8 | The alteration of the specimen height can change the focal conditions.
A.9 | The zoom control of magnification can be nonlinear.
A.10| The percentage error in magnification may be different for each magnification range

A.11| The alteration of the orientation of the (crystal) specimen to the optical axis will introduce
magnification Variation.

A.12| Thermal and electronic drift of circuit components related to the magnified lensgs can affect
magnification with time.

A.13 Expansion or contraction of photographic material, photographic enlarging, and digital printing
can all have a significant effect on the final apparent image magnification.

A.14 In digitally recorded images, magnification errors may occur due to inaccuracies or distortion of
the digital devices (e.g. image scanner, etc.). The aspect ratio (X and Y magnification) may be different
than that of the original image.

A.15 Determination of the position of edges of lines or periodic structures can affect the magnification
resultant.

© IS0 2023 - All rights reserved 25
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Annex B
(informative)

Flowchart of image-magnification calibration procedure

26
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Annex C
(informative)

How to decide the number of lines for averaging

C.1 Procedure to decide the number of lines to get the smooth line profile

In order to get a smooth line profile, the number of lines applied to the averaging prodess shall be

determined by the following procedure.

a)
b)

‘)
d)

e)
f)

g)
h)

j)

k)

D)

C.2

An examplé of experimental results is given in Table C.1 and Figure C.1.

[enerate the electron beam without setting the TEM sample.

¢lectron beam at around x30 k.

[onvert the detected image to a digitized image (6.4).

et the line profile of “500 pixels (or more) x n line” along the X-axis on the PC screen.

i), and calculate the standard deviation of the linéprofile for each setting of n.
Repeat procedures e) and f), for three different positions in the digitized image.

fet the averaged standard deviationufor each n, from the calculated data for thr
positions.

Normalize the obtained standard.deviation as it is applied to 1 atn = 1.
Plot a graph of the normalizéd standard deviation (SD, see Figure C.1) versus the numb

het the number of lines;-n,, (see Figure C.1) so that the variable ratio of the standa
[ASD/An = (SD; - SD3)/(n; - n;_1)] becomes 0,001 or less.

The number of lities, n,, applied to the averaging processing is obtained by (2 x n).

Example of experimental results

Adjust the illumination lens system to illuminate the fluorescent scréen’ with the hpmogeneous

Expose the image (no specimen) with a proper electron dose according to the detector [sensitivity.

$etnto 1 to 500 lines (or more) by a suitable interval to get a smooth curve on the graph plotted in

ce different

br of lines, n.

"d deviation

Table C.1 — Experimental data for averaging the standard deviation

No. of lines Ave;]z;ged NornSlaDlized Variable ratio

1 101,640 1,000 —

2 79,460 0,782 0,218 2
3 76,490 0,753 0,029 2
5 66,230 0,652 0,050 5
8 56,270 0,554 0,032 7
10 52,700 0,518 0,017 6
20 41,090 0,404 0,011 4

© IS0 2023 - All rights reserved

27


https://standardsiso.com/api/?name=a42f9702762dea4c1238ea83445fe1ad

IS0 29301:2023(E)

Key

Table C.1 (continued)

. Averaged Normalized . .
No. of lines SD SD Variable ratio
50 27,420 0,270 0,004 5
80 22,730 0,224 0,001 5
100 21,130 0,208 0,000 8
150 18,500 0,182 0,0005
200 16,870 0,166 0,000 3
250 15,590 0,153 0,000 3
300 14,410 0,142 0,000 2
400 13,770 0,135 0,0001
500 13,130 0,129 0,0001
800 11,800 0,116 0,0000
1000 11,520 0,113 0,0000
The variable ratio becomes lower than 0,001 when the number of lines is highérthan 90. The necegsary
number of lijnes for averaging n, is 2 x ny = 2 x 90 = 180.
Y1 A Y2
L 0,005
0,9 % 0,004 5
0,8 | 0,004
0,7 f—4 0,003 5
|
0,6 0,003
| 2
0,5 | 0,002 5
\K
0,4 -\ \ 0,002
[ ]
0,3 ] 1 ] 0,001 5
0,2 é- L 0,001 )
ny "\\&-..1 f \- ]
01 e = 0,000 5
*~ . o -
0 e e S e e e e e e ey 0 —»
q 100 200 300 400 500 600 700 800 900 1000 X
number lof #ines

Y1
Y2

28

normalized standard deviation (SD)

ASD/An

number of lines vs. standard deviation

variable ratio

Figure C.1 — SD and variable ratio vs number of lines
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Annex D
(informative)

Reference materials for magnification calibration

Reference materials (RMs) for calibration of magnification scale

General

given as follows.

D.1.

BAM
InGa

This

12 m
the ¢

D.1.
MAG

5 uni.

NOTH
obse]

NOTH
as Ag
Prob

D.1.1

Anal
alter
calib,
Othe
used

D.2

D

Bundesanstalt fiir Materialforschung und Priifung, Germany

L1.002/XXX2): Nanoscale strip pattern for length calibration and.test of lateral resolut
As multilayer on the Si wafer; certified value; 74 nm, 145 nm, 288 nm, 478 nm and 964

material is supplied in the form of a block of conducting epoxy with dimensio
m x 10 mm x 4 mm. It is necessary to cut out the thinilm from the block for TEM ob
ustomer.

B Norrox Scientific Ltd., Canada
*I*CAL3): SiGe/Si multilayer on Si <001> substrate; certified value; around 10 nm, 10
1
vation.
2 Norrox Scientific Ltd. (manufacturer and supplier) distributes the MAG*I*CAL to many s

ar Scientific Ltd., EMS (EleCtren Microscopy Sciences), SBT (South Bay Technology, Inc.), S
e, Inc.) and Ted Pella, Inc.

i Analysing crystal for X-ray analysis

ysing crystalsiconsist of two kinds of materials [for example, tungsten (W) and
nately supesimposed on Si substrate. The line pitch used for the magnification calibra

r reference crystals having different combinations with other materials as the multi

This material is supplied in the form of thin foil on the TEM specimen grid which is suif

rated bysing X-ray diffraction analysis. The line pitches of about 5 nm to 50 nm are reg

paratus are

on; AlGaAs-
nm.

hs of about
servation by

0 nm, 1 pm,

able for TEM

uppliers such
Pl (Structure

silicon (Si)]
tion shall be
ommended.
ayer can be

Reference materials (RMs) for calibration of pixel size

D.2.1 General

Examples of RMs available for calibration of the pixel size of a digitized image are given below.

2) BAM-L002/XXX is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product. Equivalent
products may be used if they can be shown to lead to the same results.

3) MAG*I*CAL is the trade name of a product supplied by Norrox Scientific Ltd. This information is given for
the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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D.2.2 Brown and Shape Precizika, USA

Minimum possible grating pitch 10 um, chrome deposited on a float-glass substrate.

Available at: https://metrology.precizika.lt/Products/glass-scale-gratings/linear-scales.html

D.2.3 GELLER Microanalytical Laboratory, USA

Magnification Reference Standard (MRS)%), square-box type, line pitches 2 um, 50 um and 500 um,
chromium patterned on a quartz substrate.

A traceable WMMWW@MM@M&MM%&
anti-reflective chromium patterned on a soda-lime glass.

Available at] https://www.gellermicro.com/mag standards/mrs.html

D.2.4 Center for Surface and Vacuum Research, Russia
2 pm pitch gratings fabricated on a silicon substrate.

Available at] http://www.nicpv.ru

D.3 d-spacing of some pure elements

Table D.1 shpws the d-spacing of some pure elements suitable for.magnification calibration.

Table D.1 — d-spacing of some pure elements suitable for magnification calibration

Element Index d-spacing
nm
1M 0,235
Gold (Au) 200 0,204
220 0,144
111 0,314
Silicor ($1) 200 0,272
220 0,192

D.4 Examples of thé.image with a periodic structure

Figure D.1 shows_typical reference materials with periodic structure used for the magnifichtion
calibration in a specific magnification range.

4) MRS is the trade name of a product supplied by GELLER Microanalytical Laboratory. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.

5) The Micro-Ruler is the trade name of a product supplied by GELLER Microanalytical Laboratory. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of the product
named. Equivalent products may be used if they can be shown to lead to the same results.
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a) |Grating replica (2 000 lines/mm) for low- b) Super-lattice struct r middle-range
range magnification magnification; GaA%ﬂ/ nm)/AlA4(9,5 nm)

&

N\
c) Crystal lattice image quGJ}gh-range magnification; Au(200) 0,204 nm spading

Figure D.1 — @cal reference materials for magnification calibration
O .

D.5 Callbratlo%fig ices for scale

D.5.1 Gener Q~

Examples§~ rvices available for calibration of scale are listed below.

D.5. ’O.Natlonal Institute of Standards and Technology (NIST), USA

Calibrations, Length Measurements. Available at:

http://www.nist.gov/calibrations/length.cfm#other length (viewed 2016-05-13)

D.5.3 Physikalisch-Technische Bundesanstalt (PTB), Germany

Dimensional Nanometrology, Available at:

http://www.ptb.de/cms/en/ptb/fachabteilungen/abt5/fb-52.html (viewed 2016-05-13)
D.5.4 National Physical Laboratory (NPL)

Micro & Nanotechnology Measurement Services, Issue 2. Available at:
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https://www.npl.co.uk/upload/pdf/micro nanotech brochure jan2011.pdf (viewed 2016-05-13)

D.5.5 Japan Quality Assurance Organization (JQA)
Calibration of Measuring Instruments; Standard micro scales. Available at:

https://www.jga.jp/service_list/measure/service/length angle/micro_scale.html (viewed 2016-05-
13)
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Annex E
(informative)

Example of test report for calibration of TEM magnification

This annex is an example of a “condition” matrix for tracking calibrated magnifications
quality-control program.

as part of a

Refel to the example in the test-report table below.

Insert the actual magnification measured against the calibration standard, into the-Mg column.

The frequency of repetitions of independent measurements m and n, acceleratingyvoltage, m
mode, magnification, and image resolution of scanner are for example only. These values can
to rejpresent those settings that are used in practice. A different numbef of settings to th
this ¢xample may be used.

The fesult should be plotted as a control chart to show variability over time.

agnification
be adjusted
ose given in
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Name of the

Address of the testing laboratory:

:2023(E)

Test Report for Calibration of TEM Magnification

Number of the calibration report:

testing laboratory:

International Standard reference: ISO 29301 (this document)

Name of the
Address of
Name of the
Address of
TEM Model:
Specimen h
Name and ig
Operating v

Image form

client:

he client:

TEM manufacturer:

he TEM manufacturer:

(Serial number: )
lder Model: (Serial number; )
lentification of reference materials:
bltage: (kV)
hition mode: () LOW-MAG, () MAG, ()SAMAG, () MAG zoom

Procedure

to set the target magnification for.calibration:

Name of the
Address of
Specificatio

1) numbé

digital camera manufacturer:

he digital cameraimanufacturer:

h of image sensor built into the digital camera

r of piXels in X and Y directions: X

2) pixels

zeof individual image sensor: X

34
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Name of the film scanner manufacturer:

IS0 29301:2023(E)

Address of the film scanner manufacturer:

Name and identification of reference scale for digitized image:

Nam

b and identification of application software:

Oper|

Testing date:

Nam

Sigm

ator name:

e of person(s) authorizing:

iture of person(s) authorizing:

©ISO
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