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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 wark SO collaborates closely with the
International [Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stangards
adopted by fthe technical committees are circulated to the member bodies for voting-“Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a Vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 29301 was prepared by Technical Committee ISO/TC 202, Microbéam analysis, Subcommittee 5C 3,
Analytical elgctron microscopy.
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Introduction

The transmission electron microscope 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. This International Standard is relevant to the need for magnification calibration of the
images. It describes the requirements for calibration of the image magnification in the transmission electron
micrqgscape using a certified reference material or a reference material having periodic structures

© 1SO 2010 — All rights reserved Vv
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INTERNATIONAL STANDARD 1ISO 29301:2010(E)

Microbeam analysis — Analytical transmission electron
microscopy — Methods for calibrating image magnification by
using reference materials having periodic structures

1 cope

This [International Standard specifies a calibration procedure applicable to images recorded [over a wide
magnification range in a transmission electron microscope (TEM). The reference materials used for calibration
posséss a periodic structure, such as a diffraction grating replica, a super-lattice structure of semjconductor or
an analysing crystal for X-ray analysis, and a crystal lattice image of carbon, gold)or silicon. This|International
Standlard is applicable to the magnification of the TEM image recorded on a photographic film, qr an imaging
plate| or detected by an image sensor built into a digital camera. This Intergational Standard alsq refers to the
calibfjation of a scale bar. This International Standard does not apply*to the dedicated critical dimension
meagurement TEM (CD-TEM) and the scanning transmission electrop’ microscope (STEM).

2 Normative references
The following referenced documents are indispensablé “for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO Guide 30:1992, Terms and definitions usedsin connection with reference materials

ISO Guide 34:2000, General requirements.for the competence of reference material producers

ISO Guide 35:2006, Reference materials — General and statistical principles for certification

ISO/I[C 17025:2005, General\requirements for the competence of testing and calibration laborat¢ries

ISO/IEC Guide 98-3:2008; Uncertainty of measurement — Part 3: Guide to the expression of yncertainty in
meagurement (GUM:1995)

3 Terms, definitions and abbreviated terms

For tII\e purposes of this document, the terms and definitions in ISO Guide 30 and the following agply.

3.1

alignment

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

3.2

beam damage
specimen damage generated by irradiation with the electron beam

© 1SO 2010 — All rights reserved 1
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3.3
certified ref
CRM

2010(E)

erence 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 level of

confidence

NOTE

of periodic interval and accuracy, to be used for the calibration of the image magnification.

3.4

contaminati

formation of
and/or its im

3.5

crystal orier
direction of ¢

NOTE D
zone axis is p
3.6
defocus

focusing con
the objective

NOTE (0]
condition is th

3.7

For the purposes of this International Standard, a CRM possesses periodic structure(s), with the desired range

bn
a deposited layer of any material due to the interaction of the electron beam with the\sa
mediate environment

itation

rystal which is represented by crystal index

Iring TEM imaging, it is often useful to have a crystalline specimen aligned.such that a specific (low
rallel, or nearly parallel, to the beam direction (optical axis).

dition in which the vertical positioning of the specimentisonot coincident with the object pla
lens

er-focus condition is that the specimen height is .nearer the lens than the object plane, under
at the specimen height is further from the lens than:the object plane.

diffraction drating replica

shadow-cast|

ng carbon replica film constituting-a“grating which contains 500 to 2 000 parallel groove

mple

ndex)

ne of

focus

5 per

ion in

D) or

bcted

millimetre, or cross-line grating with a similar line“spacing

NOTE A [diffraction grating replica can (be) used as a reference material for calibration of the image magnifica
the low to medium-low magnification range.

3.8

digital camdra

device that %etects the image using a chip-arrayed image sensor, such as a charge-coupled device (CG
complementary metal-oxide semiconductor (CMOS), that converts a visual image to an electric signal
3.9

dynamic rarnge

range of detpctable electron doses illuminated on the detector, in which the image signal can be det
properly

3.10

excitation current

electric current applied to the coil of the magnetic lens

3.1
glass scale

ruler on which a fine scale is drawn and utilized as the reference scale to measure the distance in the digitized
image after digitizing it with an image scanner

NOTE

with a transmitted image scanner and to make the contact image on the imaging plate.

The transparency and thermal stability of the glass scale are convenient to get the digitized reference image

© 1SO 2010 — All rights reserved
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3.12

goniometer stage

device to move the specimen laterally and vertically, and to tilt the specimen by tilting the specimen holder
around the longitudinal holder axis

3.13

horizontal field width

HFW

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

3.14
image
two-dimensional projection of the specimen structure generated by TEM

NOTEH A photographic film, an imaging plate, and an image sensor built into a digital camera are‘examples of devices
for dettecting the image.

3.15
image file format
procgssing method to encode the image information for storage in a computer(file

3.16
image magnification
ratio jof the linear dimension of the specific structure/scaling on thé\image detector, such as a photographic
film, an imaging plate, or an image sensor built into a digital camera, to the corresponding linear [dimension of
the sfructure/scaling on the specimen

3.17
imagling plate
IP
electfon image detector consisting of a film witha thin active layer embedded with specifically designed
phosphors

3.18
image scanner
devige that converts an analogue image into a digitized image with the desired resolution

NOTE There are mainly two diffefent types of scanners: flatbed type and drum type.

3.19
image sensor
devige, such as a chafge-coupled device (CCD) array or complementary metal-oxide semicondyctor (CMOS)
sensor, that conver{s visual image information to an electric signal, built-in digital camera or dther imaging
deviges

3.20
image wobbler
deflection coil to change direction of incident electron beam onto the specimen

NOTE This coil is activated in a periodic manner with the aim of identifying easily the place of focus.

3.21
just focus
focusing condition in which the specimen height coincides with the object plane of the objective lens

3.22

lattice image

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

NOTE Lattice fringes can be used to calibrate image magnification at the high end of the magnification range.

© 1SO 2010 — All rights reserved 3
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3.23
lattice spaci

ng

crystallographic distance between two adjacent parallel planes with the same Miller indices, which can be
calculated from the value of the basic cell vector

3.24

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

3.25

optical axis
straight line

NOTE TH

3.26

photograph
negative filn
sheetor aro

3.27
pixel-resolu
number of in

NOTE

3.28
reference m
RM

material or
established {
assigning va

NOTE Fd
periodic interv

3.29

assing through the symmetrical centre of the magnetic field of the electron lens
e path of an electron beam along this axis goes through the lens without changing the direction.
c film

n
| of thin plastic coated by photographic emulsion for recording an imagé

tion
aging pixels per unit distance of the detector

Typical unit is sometimes expressed as dots per inch (dpi).

aterial

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

r the purpose of this International, Standard, an RM possesses periodic pattern(s) with the desired ra
Al and accuracy, to be used for the\calibration of the image magnification.

region of Inferest

ROI
a part region

3.30
specimen
small portion

extracted from_ the-whole area in the graph

of a sample for observation

NOTE Fq

well
or for

hge of

r TEM, a specimen has to be thin enough to transmit the electron beam.

3.31

specimen cartridge
part of specimen holder which supports a specimen and is attached to the tip of the specimen holder for use

3.32

specimen drift

unintentional

movement of the specimen due to any source (thermal, mechanical, electric, charging)
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specimen height

speci

NOTE 1

men position along the optical axis of the objective lens

condition of the objective lens.

NOTE 2  See Reference [2] in the Bibliography.

3.34

specimen holder

devic

that supports a specimen in the right position in the pole-piece gap of the objective lens

“Specimen height = 0” corresponds to the specimen position in correct focus under the standard excitation

3.35

stangard excitation condition

optim
NOTH

NOTE
are es

3.36

super-lattice

stabl

NOTH
high t

3.37

trangmission electron microscope

TEM
instry
pass

3.38
zone|

crystallographic direction, designated [uvw], defined by the intersection of a number of ¢

(hq,k

4 Image maghnification

4.1

The

al condition for excitation current of the objective lens to focus the image
1 This condition is provided by the TEM manufacturer for each instrument.

2 Image magnification is generally measured under this condition; howevegr, as long as reprodud
tablished, the magnification can be calibrated at any of the instrument settings:

e periodic structure which is fabricated by alternating layers.of-at least two different kinds of 1

The super-lattice can be used as a reference material for calibration of image magnification fri
b high magnification range.

ment that produces magnified images-or-diffraction patterns of the specimen by an electron
bs through the specimen and interacets with it
axis

Y FT h;,k;, 1) such thiatall of the planes satisfy the so-called Weiss zone law; hu + kv + [w 3

Definition of the image magnification

mage magnification (or scaling factor) of the TEM is defined by the ratio of the linear dim

ble conditions

haterials

bm a medium-

beam which
ystal planes
0

ension of the

spec

le: + 4 o Aot ol ot AH L NH H £ Ll H -+ +
oot Ul UIT UTC Ut 1Tl iTU TNTayT iU U TC LUTTT O PUTTUTITY T TS AT UTTTCTISTUTT UT U TCT SPTUINTTU O

ucture in the

specimen. There are three main kinds of image detectors: photographic film, imaging plate, and image sensor,

such

as CCD array or CMOS sensor built in the digital camera.

In general, the value of image magnification detected on an image sensor is different from the value of image
magnification detected on the photographic film or imaging plate under the same electron optical conditions
for TEM imaging, because the image-detecting positions are different from each other (see Figure 1).

©I1SO
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h

The digital camera (image sensor) position is different from the photographic film/imaging plate position.

Key

1 electron gun 9  monitor

2 condensef lens 10 :computer

3 specimen 11 “digital camera (image sensor) magnification; Mg < M,
4  objective lens 12 screen/mirror

5 1st magnified image 13 viewing screen

6 intermedigte lens 14 photographic film/imaging plate magnification; Mt

7 2nd magnjfied image 15 digital camera (image sensor) magnification; Mg > M;
8 projector lens

Figure 1 — Detector position in TEM system

4.2 Expressing magnification

The magnifigation 'of an image recorded on the photographic film or the imaging plate, or detected by the
image sensof,‘is)given by a number representing the number of times, and the number is accompanied hjy the
symbol “x” (e.g. 10 000x, 10kx, 1 000 000%, 1Mx or x10 000, x10k, x1 000 000, x1M, where 10 000, 10k,
1000000 and 1M are magnitude numbers). Alternatively, introducing a scale bar having a length
corresponding to unit length on the specimen can be used to represent the magnification. The digitized image
should also indicate a magnification by detailing the number of pixels per unit distance of the raw data file.

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

6 © 1SO 2010 — All rights reserved
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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 Guide 34 and certified in accordance with ISO Guide 35.

When a suitable CRM is not available, an RM produced in accordance with ISO Guide 34 may be used.

5.2

Requirements for CRM/RM

Ensu

q

re that the chosen CRM/RM

ip stable with respect to vacuum and repeated electron-beam exposure,

i aligned to a low-index zone axis along the electron optical axis, if the spéeimen regio|

rystal,

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

—

an be cleaned to remove contamination without causing mechanical/electrical damage or di

— las a smooth surface on both sides and identical thickness for a super-lattice structure, at le

rea used for the calibration process,

— has an associated valid calibration certificate.

NOTE

5.3

The

Single crystal specimens of pure elements used-for calibration do not need a calibration refereng

Storage and handling

CRM/RM shall be stored in a desiceating cabinet or in a vacuum container.

h is a single

stortion,

st within the

e certificate.

To emnsure minimal handling of the.actual CRM/RM, it may be permanently mounted on a specimpen holder or

a spe

The

cimen cartridge.

CRM/RM should be carefully handled without causing damage during the handling.

Cheog

k the contamination and deterioration of the CRM/RM, as these may affect calibration. Dg

CRM[RM if it is damaged or grossly contaminated.

Chedk the calibration of the CRM/RM at intervals by comparing its calibration values with th
CRMp/RMs; ‘record the results. The frequency of verification may depend on the nature and
CRM{RM:

not use the

ose of other
isage of the

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

6 Calibration procedures

6.1

General

Parameters that influence the magnification of a TEM may cause systematic errors. These are listed in

Anne

X A.

A major factor that influences the reproducibility of the calibration is the magnetic hysteresis of the electro-
magnetic lens. It is necessary to minimize its influence by adopting the procedure described below in the

©I1SO
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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 International Standard, ensure that the uncertainty and repeatability of calibration is better
than £5 % and 98 %, respectively.

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

6.2

Mounting CRM/RM

At the time gf mounting the specimen, ensure that 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 manufacjurers.

Check that the CRM/RM is securely fixed on the specimen holder or specimen cartridge so that it dogs not

move from ity mounting. This enables any image degradation caused by vibration<to'be minimized.

Check that the height of the specimen in the specimen holder is at the pOsition recommended by the| TEM

manufacturels instructions, in order to keep the eucentric condition.

It is desirable to use a double-tilt or tilt-rotate specimen holder for-aligning the crystal orientation gf the

specimen to the optical axis.

6.3

Setting TEM operating conditions for calibration

Set the operpting condition of the TEM according to‘the following procedures to ensure, as far as possible,

use of the same conditions.

a)

b)

d)

e)

f)

9)

Check that the degree of vacuum in the TEM column is lower than 10~4 Pa and stable.

The high voltage shall be applied and)an appropriate time be allowed for it to stabilize.

NOTE Oil-filled 100 kV tanks take about 2,5 h; gas-filled tanks take about 45 min. Higher voltage instruments
are normplly operated with the\high voltage continually applied, therefore a stabilization period is not usually required.

Use an anti-contamination device, if needed.

Select 4 specimén)region of interest (ROI) for the calibration which is clean and free from damage,
ensure the eucentric height of the ROl and adjust the height of the ROI, if necessary.

In order|toZminimize the effect of the magnetic hysteresis of the lenses, set the magnification of the| TEM
to the target value for calibration according to the same sequence, for example, adjust higher
magnification than the target magnification at first, then set the target magnification after that.

Set the excitation of the objective lens to the desired reproducible value; the standard condition is
recommended.

Adjust the specimen height to focus the magnified image projected on the fluorescent screen, the TV
monitor or the personal computer (PC) screen.

NOTE If the TEM in question is not equipped with a specimen-height control function, this procedure can be
omitted.

© 1SO 2010 — All rights reserved
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Correct astigmatism at a slightly higher magnification than the target value and adjust the accelerating
voltage centre. For example, if the target calibration is x100k, set the magnification in the range
x150k ~ x200k for alignment.

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.

NOTE 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).

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

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

a) Off-axis condition b) Zone-axis condition

Figure 2 — Difference-of diffraction pattern by crystal orientation

Insert the objective aperture;centring it about the electron optical axis. Also, switch the obsefvation mode
f the TEM back to the image’mode.

eturn the magnification” to the target value of calibration, and set the excitation current of the objective
Iens to the standard-exciting condition again.

pply a relaxation function to relax the magnetic hysteresis of the objective lens, if the TEM has it.

djust thesspecimen height to focus the magnified image roughly.

QTE If the TEM in question is not equipped with a specimen-height control function, this progedure can be

mittad
THte s

Adjust the fine focus by varying the exciting current of the objective lens.
NOTE If necessary, it is possible to use the Image Wobbler function for focusing the image.

Turn off the auto-focus correction function to the optimum under-focus condition linked with the Image
Wobbler function, if the TEM is equipped with this function.

Adjust the illumination condition of the condenser lens system (spot size and brightness) with reference to
the dynamic range of each detector to obtain image contrast in the whole dynamic range.

© 1SO 2010 — All rights reserved 9
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The condenser lens system should be operated under conditions which approach parallel illumination.
Alternatively, they should be done under a condition where it is documented that the beam convergence no
longer affects the image focus. This can be done by recording multiple images under varying degrees of beam
convergence.

6.4 Capturing digitized image

It is necessary to digitize the image in order to minimize readout error on the measurement of magnification.
The bit depth of digitization of the image shall be larger than 8 bits. There are three ways of digitizing the
magnified image corresponding to each image detector (refer to Table 1).

Table 1 — Comparison table for image detector

Imag¢g detection Apparatus for digitization Pixel size
Photographic film Flatbed image scanner Determined by resolution applied tosimage scapner
Imaging plate Dedicated image digitizer Determined by laser-beam diameter for readqut
Image sensqr (digital camera) — Same size as that of the image sensor

a)

b)

c)

Before and during the execution ofthe digitization procedure, ensure the following conditions.

10

Photographic film: the magnified image (for calibration) is directly expdsed on it. The analogue inage
recorded on the photographic negative film shall be converted to a digitized image by using an inage
scanner| according to the procedure described in 6.5.

NOTE 1 It is preferable to use a flatbed image scanner, because it i$ easy to set the glass scale in it for pix¢l size
calibratiop.

Imaging|plate (IP): the magnified image (for calibration)sis directly exposed on it. The recorded ifnage
shall be jobtained with a dedicated image digitizer (IP_reader) which in turn is connected to a PC.

Image sgensor: the image (for calibration), captured by the image sensor (built into a digital camerga and
connected to a PC), is digitized and displayed.on the monitor screen of the PC system. The image| shall
be savedl on the memory in the PC systemlas an image file with a reversible format.

NOTE 2 Ensure that the procedure for-normalization of gain is performed to get the uniform background fof the
digital cafnera image.

The correct sensitivity setting is used for the photographic film used to get the negative image with proper
density and contrast on_the film.

The exppsure time is short so that blurring of the image due to drift is minimized in the recorded image.

The readout. process of the magnified image detected by the digital camera does not use “birjning”
treatment.

Uncompressed file format, such as ESP, PICT, TIFF, or Windows bitmap, or a reversible (lossless)
compressed 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 production
and acquisition of this file, as well as any subsequent processing steps, shall be documented and
reported to ensure reproducibility. This is a quote from the MSA (Microscopy Society of America) Policy
on Digital Imaging.

NOTE 3 Generally, acceptable (non-reportable) imaging operations 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 image data that is used for subsequent quantification, all imaging operations shall be reported.
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Digitizing the image recorded on photographic film

General

The flatbed image scanner with a transparent manuscript unit can be used to convert the analogue image
recorded on the photographic negative film to a digitized image.

NOTE 1

displa

NOTE 2

the sg

y, within a few degrees.

In order to minimize the edge-distortion effects of the image scanner, set the negative film nea

an aran
oo

Adjust the direction of the periodic structure in the image on the negative film along the Y-axis of the PC

r the centre of

6.5.2

Gene
unit d
settin

Figur
(nega
Y axi
Figur
calcu
X axi

Also,
is thg
that t
sam§

The fesolution R (dpi) of the flatbed image scanner corresponding to the scale unit S, in millime

calcu

If S is
from

How to decide the resolution for digitization

rally, when the length L is measured with the dispersion (measurement deviation)\dL, the m
f the measurement shall be less than 1/10 of dL. This relation shall apply when, considering

tive film, IP, PC display, etc.). Note that the periodicity of the specimen is approximately &
5. 6 is the angle between the Y axis and the axis (longitudinal’ direction) of the specimer
e 3, the target length (i.e. the actual transverse length of the*specimen) L, in millimet
lated from the value of and the length L, in millimetres (mm), is extracted in the parallel di
5, using the formula Z; = Ly x cos 6.

Leg(min) is the minimum extracted length from the whole'series of recorded images and U, in
dispersion obtained for the images of the CRM/RM: The pixel size or the scale unit S can tk
he condition set in Expression (1) is satisfied..Note that all the recorded images shall be digi
value of S.

U
X_
100

i

b < (Le(min) 10

lated using the following equation.

254 25400
S Le(min) xU

Rs

smaller than-0,025 4 mm, set the resolution R (dpi) to be greater than or equal to the cal
Equation(2).

How!

7

the resolution is unsuitable for making the appropriate measurement. In such a case, set the

efNf' S is larger than 0,025 4 mm, the calculated Rg will be smaller than 1 000 dpi. Such g

nimum scale
the pixel size

g at the digitization of the recorded image on the photographic negative film' by an image scanner.

e 3 shows the image of the specimen (CRM/RM) schematically in the plahe of the image detector/display

ligned to the
. As seen in
res (mm), is
Fection to the

percent (%),
en be set so
ized with the

(1)

tres (mm), is

()

culated value

low value of

resolution to

1 000 dpi or more.

EXAMPLE 1
S<0,

EXAMPLE 2

01 mm. This corresponds to the resolution Rg > 2 540 dpi.

If the minimum length Lg(min) @nd the dispersion U are 5 mm and 2 % respectively, the calculated value of

If the minimum length of Le(min) @and the uncertainty U are 20 mm and 2 % respectively, the calculated S

and Rg values are 0,04 mm and 635 dpi, respectively. This value of resolution is too poor to analyse the digitized image. In
this case, set the resolution > 1 000 dpi.

©I1SO
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6.6 Meastrement of the angle-corrected distance D,, from the digitized image

6.6.1 Gengdral

To avoid artgfacts in identifying the edges of the featuires to be measured, the analyst should define thg
and end poirjts (edges) for measuring the angle-corrected distance D; (refer to Figure 5) in the digitized i
correspondirjg to the target length L, (refer to Figure 3). Automated computer identification of edges shoy
used to assigt in the detection of ;.

The measurgment software should provide the following basic functions:

e)

- <

X

Figure 3 — Schematic image of periodic pattern withé layered structure

angle measurement;
length mjeasurement of the_pixel unit;
averagef line-profilé function for arbitrary number of lines;

ROI fun¢tion en'the averaged line profile;

start
mage
Id be

edge-detection function for the data in ROI, such as differential processing and maximum/minimum

peak

detection.

Do not use a photocopy, or similar, of the digitized image to avoid introduction of an artificial error.

NOTE It is important to enable someone else to check this procedure with the same software.

6.6.2 Measurement procedure

Get the angle-corrected distance Dy, in pixels, in the display plane of the image (PC display) using the
following procedures, and record the measured values in the data sheet.

12
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a) Measure and record the tilt angle 6, in degrees, between the longitudinal direction of the periodic structure
in the digitized image and Y-axis of the PC display (see Figure 4).

b) [xtract the basic pitch distance Dy, jin pixels, from an arbitrary line LA parallel to the X-axi
display (see Figure 5).

NOTE 1 Measure the basic-pitch distance D, as the centre-to-centre; alternatively, the analyst]
gither the left edge-to-left edge’or the right edge-to-right edge distance from the periodic structures of th

NOTE 2 A procedure for choosing » (the number of lines for averaging) is described in Annex C.

Figure 4= Tilt angle ¢

Use the pixel value-as the measurement unit.

s of the PC

can measure

e SRM/RM.

To reducecthevinfluence of image noise in the line profile along a line LA and to improve the signal-to-noise ratio,
apply an\averaging processing along the periodic structure (not along the Y-axis) for n lines (see Higure 6).

© 1SO 2010 — All rights reserved
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Points P, and P, correspond to both ends of distance D,.

S
N
K
2%
‘ %C
LA g\\
o > X

i

Figure 5 — Relationship between D,, D, and LA

O
C S
Q
OQO
c)\%
Is
S
R
S

a8  Averaging.
b nlines.

Figure 6 — Scheme of averaging for » lines along the direction of the periodic structure
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c) Detect and record the pixel positions of both ends (P, P,) of the basic pitch distance D, in pixels, on the
arbitrary line LA, by using a measurement software program applied for the averaged line profile.
d) Calculate and record the basic pitch distance:
De =|Pi=P, | (3)
NOTE Measure the basic pitch distance D either as the centre-to-centre or the edge-to-edge distance from the
periodic structures of the CRM/RM.
e) Calculate and record the angle-corrected distance D, in pixels, (see Figure 5) corresponding to the target
|[Ength Z; Tor the magnification calibration by the following equation.
Dy =Dg xc0s @ (4)
wherge
D, is the extracted basic pitch distance represented by pixel units on the digitized image (sge Figure 5);
P is the measured tilt angle between the direction along the periedic structure and Y-aXis of the PC
display (see Figure 5).
Repgat the measurement at least three times at separate locatiohs at least (p + 10) pixels ppart on the
digitized image: where p is the number of lines applied to the averaging to get the smooth line profile.
6.7 | Digitization of reference scale for pixel sizeccalibration
To get a real dimension in Sl units from the digitized' length, it is necessary to calibrate the pixel size S, in

millinpetres (mm), applied to the image digitization:

When a photographic film a) or imaging plate-b) is used as the image detector, it is necessary to

pixel
On th
sens

a) K

)

size by using the digitized reference scale in the same manner as that used for digitization
e other hand, when the image sensor c) is used as the image detector, the value for the ind
br size, as guaranteed by the manufacturer, can be applied to the pixel size of the digitized i

Photographic film: a traceable calibrated ruler of a known accuracy and capable of meg
b mm to 10 mm shall bé, used as a reference scale. Digitize the reference scale with the
Image scanner underthe same condition of resolution as used for the image digitization of
hegative film. The-direction of the reference scale shall be adjusted along the X-axis of the
ithin a few degrees tilt (see Figure 7).

NOTE Typical reference glass scales are listed in Annex D.

calibrate the
pf the image.
vidual image
nage.

suring about
same flatbed
photographic

PC display,

©I1SO
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a8  Reference

b) Imaging
of a kn
fluoresc
under th
scale sh
tilt.

c) Image s

the TEM column, it is very difficultte “calibrate the pixel size by using the reference scale or

material
manufa

6.8 Calibr

scale.

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

plate (IP): to get a contact image of a reference scale on the IP, place a traceable calibrated
own accuracy, capable of measuring aroundi50 mm to 100 mm, in contact, and sh
bent lamp to obtain a contact image. Scan this\immage with the same dedicated digitizer (IP re
e same laser beam condition as that used-for the image read-out. The direction of the refe
all be adjusted along the narrow side or another side of the imaging plate, within a few de

bnsor: as mentioned in 6.4, becduse the image sensor is built into the digital camera attach

5. Therefore, the size of the.ndividual image sensor written in the specification guaranteed k
turer can be applied as.the pixel size of the digitized image.

ation of imagedmagnification

6.8.1 Gengdral

The target Igngth L, in millimetres (mm), on the detector plane can be obtained by multiplying the 3
corrected digtance Dy, in pixels, measured on the digitized image and the calibrated scale unit (= pixel si
in millimetres {mm),. Then, the image magnification M can be calculated by dividing the target length

ruler
ne a
ader)
ence
jrees

ed to
other
y the

ngle-
ve) S,

L, in

millimetres (mm), by the original length L, in millimetres (mm), on the specimen corresponding to L.

6.8.2 Calib

ration 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 &, along the X-axis of the PC display, corresponding to the arbitrary
readout length 77, in millimetres (mm), and determine «. Use Equation 5 and Figure 8 to calculate .

16
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\ 4

A
\d

a8  Sale axis.

NOTH 1

obtainled by using other scales applied to the PC display.

/V

wherg «is the tilt angle between the scale axis and the X=axis of the PC display.

Thenf the pixel size S, in millimetres (mm), can be\calibrated by the following equation. Record t
valugs in the data sheet.

NOTH 2

specification, guaranteed by the manufacturer, can be used as the pixel size S. Record the guaranteed valu

sheet

6.8.3

Detefm

W _Waxcosa

M_

Figure 8 — Reference scale inclined with tilt angle of « to the X-axis'of the PC disy

Wy, in millimetres (mm), is the observed value from the digitized reference scale, not the m

=W, Xxcos o

N N

When the digital camera-is Used for this calibration procedure, the individual image sensor size

Calculating image magnification
ine the image magnification M, on the image detector plane using the following equation:

LDy xS

L

(0] (0]

ay

pasured value

(®)

e calculated

(6)

defined in the
es on the data

is the target length, in millimetres (mm), on the detector plane, as photographic
plate or image sensor;

is the original length, in millimetres (mm), on the specimen plane, corresponding
length L;

is the angle-corrected distance, in pixels, on the digitized image, corresponding
length Lj;

is the scale unit (= pixel size), in millimetres (mm), of the digitized image.

© 1SO 2010 — All rights reserved
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When photographic film or an imaging plate is used, Equation (7) can be expanded as follows:

Dy xXW,xcos «
M=|—C—— 8
( N jﬁ‘o ®
where
I/ is the arbitrary length (directly observed value), in millimetres (mm), on the digitized reference
scale;
o is the 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 |7, in
millimetres (mm), which is the projection on the X-axis of the arbitrary length W,, in
millimetres (mm).
6.9 Calibration of scale bar
6.9.1 Gengdral
The scale bar is useful to measure the particle size, the line width, and the{distance in the structure, dn the
magnified image. The length of scale bar can be calculated according®to calibrated magnification M and
calibrated pixel size S, in millimetres (mm).
6.9.2 Basi¢ scale size corresponding to one pixel on the digitized image
The calibratgd pixel size S, in millimetres (mm), can be transferred to the basic scale size Sy, in millimetres
(mm), corregponding to its length on the specimen plane;-by dividing with the calibrated magnification ), as
follows:
S
Sp =— 9
b=, 9)
6.9.3 Calibration of scale bar
The number|of pixels N, and the displayed length L, in millimetres (mm), of the scale bar corresponding to
the unit length (1 mm) on the specimen plane can be calculated by the following equations.
1 M
N, =— =" 10
“shos (10)
Ly, =N|xS =M (11)
These results—can-be-extended to-the different scale unitsexpressed-in-micrometres (ym)-and-nanometres

(nm).

For the unit length of 1 nm, the number of pixels Ny(nm) and the displayed length Lynm): in millimetres (mm), of
the scale bar are described as follows.

Nu(

Ly (um)

18

pm) —

_;(Mj
1030 S
M

103

(12)

(13)
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Also, for the unit length of 1 nm, the number of pixels Nyum) and the displayed length Lyum): in millimetres
(mm), of the scale bar are described as follows.

1 (M
Nu(nm) = 106 [?j (14)
M
Ly(nm) = 106 (15)

6.10 Calibration procedure for length measurements using photographic film only

Uncertainties of image digitizing and pixel calibration can be avoided by measuring the targetlength Z; directly
on the film negative. In this case only the uncertainty of the glass scale has to be taken infeaccpunt. For this
meagurement, however, it is important to minimize the measurement error.

7 Accuracy of image magnification

The fccuracy means the closeness of agreement between a test result and-the accepted refgrence value.
(ISO5725-1:1994, 3.6)

NOTH 1 A “test result” is the calibrated magnification obtained by the procedure outlined in this Internatiohal Standard.
NOTH 2  The term “accepted reference value” is the magnification given by the TEM manufacturer.

The @ccuracy 4, in percent, of the given magnification Mg can be determined by calculating the dffference AM,
using the following equation:

AM =My - M (16)
My-M AM
4:[9—}&00:[—}&00 (17)
M M
wherge

M is the calibrated image-magnification;

M,

9 is the given magnification indicated on the TEM display.

NOTH 3 It is noted‘that the uncertainty due to operating conditions of the TEM apparatus, etc. and statisfical errors due
to anly unavoidable™inhomogeneity of the CRM/RM, etc. are included in the result of the magnificatipn calibration.
(See Annex A.)
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8 Uncertainty of measurement result

There are a lot of factors that influence the measurement results for the magnification calibration. These are
listed in Annex A. 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 this International Standard, the entire uncertainty shall be treated by the following seven factors:

o, Uncertainty of the reference materials (RM) for magnification,

o-g Uncnrf:linfy of the reference glncc Qf“ﬂ'ﬁ’

ojs Undgertainty of the image sensor size of the digital camera,

ope Undertainty of the basic pitch distance Dy,

oy Ungertainty of the tilt angle @at image digitization,

oy Ungertainty of the pixel number N,

o, Undertainty of the tilt angle « at scale digitization.
According tq the GUM, these uncertainties are classified into two categories; Type A uncertainties| (Up)
include ope, 0y, Oy, and o, and Type B uncertainties (Ug) include o, ;. 0, and g;g. The value of each factor
included in the Ug shall be obtained from (C)RM certificate and/or d¢echnical documentation provided Ry the
manufacturef.
The uncertainties opg, 0y, oy and o, shall be calculated fromithe results by m and » replicate measurements,
respectively.[To do this, the procedures from 6.2 to 6.6, shall be repeated m times to get the op and o, and
similarly the procedures from 6.7 to 6.8.2 shall be repeated » times to get the oy and o, (see Figure 9) The
frequency of|repetitions (namely m and =) shall be three-times or more.
NOTE 1 If br m: 0y @nd oys are not presented, each.uncertainty o can be calculated based on the procedure of upiform

distribution tre

The standar
calculated by

Atment.

Equation (18) or (19).

I deviation o, of the calibrated magnification for m and » independent measurements can be

In the case of the photographic film.or the imaging plate, use
o 2 o 3 o 2 o 2
De 9 N o 2 2
Og = +| =+ = | +| & | tom O 18)
) ) (] et
Also, in the daseofithe digital CCD camera, use
ope | [ % 2 2
Oc=,|—/—=| +| =] +om” +0 (19)
e \/[\/;J [\/ZJ rm IS

The uncertainty o, of the calibrated magnification for a series of measurements can be defined by the
following equation.

o=kxog

where £ is the coverage factor.

NOTE 2 For a confidence limit of approximately 95 %, k is set to 2; and for a confidence limit of approximately 99 %, &
is set to 3.
20 © 1SO 2010 — All rights reserved
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v
RM setting J Uncertainty of RM:
Orm
* v
. Digitize the
Uncertainty of glass
TEM setting nyold e reference glass

scale: og

scale

v

v

Image recording

Uncertainty of image

Measure the scale

_ and e _ distance
image digitizing Sensor: ois (3 positions X 3-times)
v
Measuléerzlgzﬁ target q Magnification < Calibrate the pixel
(3 positions X 3 times) calibration size
. >,
L J | J
0 0
] ]
] ]
] ]
] ]
] ]
0 0
] ]
0 0
Repeat m times | 3 y 4| Repeat n times
(m=3) ] ] 0 (nz3)
‘ ‘
Calculate standard deviation for\\ PPN SN Calculate star?darq deviation for
measured target length: ope, measured pixel size: o N, O},

Figure 9 — Main five factors related to the uncertainty

Calibration report

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 17025:2005, 5.10.2.

In the case of calibrations performed for internal clients, or in the case of a written agreement with the client,
the results may be reported in a simplified way. The information listed in 5.10.2 of ISO/IEC 17025:2005, which
is not reported to the client, shall be readily available in the laboratory which carried out the calibrations.

© 1SO 2010 — All rights reserved
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9.2 Contents of calibration report

In the calibration report, include the following and any other relevant information which could affect the results
of the calibration. An example of a report is given in Annex E.

a) ftitle (e.g. “Test reports” or “Calibration certificates”);
b) name and address of the laboratory;

c) reference number of the calibration report;

d) name and-address-efthe-chent-whererelevant:

e) identificgtion of the method used (i.e. ISO 29301:2010);

f)  manufagture's name, model name and the serial number of the TEM used;
g) name and identification of the reference materials used;

h) specific pperating values of the accelerating voltage, in kilovolts (kV);

i) type of image formation mode used, LOW MAG mode, MAG mode, SAMAG-mode, MAG Zoom modg;

i)  all lens gurrents for the magnification being calibrated;
k) type of §pecimen holder used;
I) procedufe to set the target magnification for calibration;

m) manufagturer's name, model name and the serial number of the digital camera used for detection ¢f the
image;

n) specifications of image sensor built into the digital camera; number of pixels in X and Y direction, and
pixel sizg¢ of individual image sensor;

0) manufagturer's name, model name and the serial number of the film scanner used for digitization ¢f the
image;

p) name ard identification of the glass scale used as the reference scale;
g) name arnd identificationof.the application software used;

r) number [of measurements taken (n and m) and results of calibration: magnifications in both X and/or Y
with the faccuracy and uncertainty;

s) name of|the person conducting the calibration;

t) date and time of the calibration;
u) name(s), function(s) and signature(s) of person(s) authorizing the calibration certificate;
v) where relevant, 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 requested by the customer, the algorithm used for the application program shall be disclosed.

22 © 1SO 2010 — All rights reserved
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Annex A
(informative)

Parameters that influence the resultant magnification of a TEM

The parameters listed below may interact with each other, and are considered in order of their location in the

instrument.

A.1 | Electron-gun high-voltage instability or drift can change the energy of the electrons, theréby changing
the fipal focus which affects the magnification calibration.

A.2 | Even if the target magnification for calibration is the same, a calibrated magnification may fiffer in each
applied accelerating voltage (e.g. 100 kV, 200 kV, etc).

A.3 | An uncorrected objective-lens astigmatism can give a false indication of the €xact focus.

A.4 | The electron-beam convergence can also affect the image focus; particularly at high mpgnifications.
The [condenser lens system should be operated under conditions Which approach parallel illumination.
Alterpatively, they should be done under a condition where it is documented that the beam corjvergence no
longgr affects the image focus. This can be done by recording multiple images under varying degfees of beam
convergence.

A.5 | Residual magnetic hysteresis, particularly in the objective lens, can change the focal condifjons.

A.6 | The alteration and instabilities of the excitation current of the objective lens can charijge the focal
condftions.

A.7 | The alteration of the specimen height can-Change the focal conditions.

A.8 | The zoom control of magnification can be nonlinear.

A.9 | The percentage error in magnification may be different for each magnification range.

A.10| The alteration of the orientation of the (crystal) specimen to the optical axis will introduce magnification
variation.

A.11| Thermal andc/electronic drift of circuit components related to the magnified lenseg can affect
magnification withdime.

A.12| Expansion or contraction of photographic material, photographic enlarging, and digital prjnting can all
havela significant effect on the final apparent image magnification.

A.13LIn“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.14 Determination of the position of edges of lines or periodic structures can affect the magnification
resultant.

©1S0
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Annex B
(normative)

Flowchart of image-magnification calibration procedure

Confirm
the TEM condition

Mount the CRM/RM
in the specimen holder

v

Load the specimen
into the column

+

Align
the optical axis

v

Set the TEM magnification

to be calibrated

v

Focusing ‘

A

4

A 4

Image recording on
photographic film

Image recording-efy
imaging plate

Image detecting on
image sensor built into
the digital camera

Detector for image recording

A 4

Develop the film

v

A

v

Read the negative film
with image scafiher
connected to\PC

Read the recorded image

with dedicated digitizer
connected to PC

Export the digitized

image to the PC

Image digitization

A

4

A 4

Measure the angle corrected distance Dy (pixels), which is corresponding to
the target length for the calibration by line-pitch on the digitized image
with dedicated application program for the measurement

Measurement

A 4

the image digitization

Callbrate the pixel size applied to

Calculate the actual
magnification (M) detected
on the photographic film

Callbrate the pixel size applied to

A

Calculate the actual
magnification (M) detected

the image readout

as the pixel size

Use the individual image sensor

O the Traging ptate

4

size provided by the manufacturer,

Scale unit (= pixel size S) calibration

——» magnification (M) detected
on the image sensor

Calculate the actual

A

Calibrate the scale bar

v

‘ Calculate the accuracy and uncertainty ‘

v

Make the test report
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Annex C
(normative)

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 ordler to get a smooth line profile, the number of lines applied to the averaging process shall b
by the following procedure.

a)

b)

dq
\

q

f

I
f

(
|

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

enerate the electron beam without setting the TEM sample.

djust the illumination lens system to illuminate the fluorescent screen with)the homogeng
eam, at around x30k.

Convert 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.

bet n to 1 — 500 lines (or more) by a suitable intervaldo-get a smooth curve on the graph plo
alculate the standard deviation of the line profile for'each setting of ».

Repeat procedures e) and f), for three different positions in the digitized image.

Set the averaged standard deviation foreach n, from the calculated data for three different p
Normalize the obtained standard deviation as it is applied to 1 atn = 1.

Plot a graph of the normalized,standard deviation (SD) versus the number of lines ».

bet the number of)‘lines ny; so that the variable ratio of the standan
ASD/An = (SD; — SD;23)/(n; — n,_4)] becomes 0,001 or less.

b determined

ous electron

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

ted inj), and

psitions.

d deviation
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C.2 Example of experimental results

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

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

No. of lines Averaged SD | Normalized SD | 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 0,0327
10 52,700 0,518 0,017 6
20 41,090 0,404 0,011 4
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 0,000 5
200 16,870 0,166 0,000 3
250 15,590 0,158 0,000 3
300 14,410 0,142 0,000 2
400 13,770 0,135 0,000 1
500 13,130 0,129 0,000 1
800 11,800 0,116 0,000 0
1000 11,520 0,113 0,000 0
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The variable ratio becomes lower than 0,001 when the number of lines is higher than 90.
The necessary number of lines for averaging n is 2 x ng =2 x 90 = 180.

Y1 Y2
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|
09 A 0,0045
|
08 |‘ 0,004
1
|
07 : 0,0035
06 \ 0,003
* |2
|
05 ‘ 0,0025
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Figure C.1 — SD and variable ratio vs number of lines
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Annex D
(informative)

Reference materials for magnification calibration

The following information is given for the convenience of users of this International Standard and does not

constitute an

endorsement by ISO of these products

D.1 Refer

Examples of
inD.1.1toD

D.1.1 Bundesanstalt fir Materialforschung und Priifung, Germany

BAM-L002/X
multilayer on

NOTE TH
12 mm x 10 m

D.1.2 Norr
MAG*|*CAL3

NOTE 1 TH
observation.

NOTE2 N

Scientific Ltd.,
Pella, Inc.

D.1.3 Anal

Analysing cr
superimpose

X-ray diffracjon analysis\’Fhe line pitches of about 5 nm to 50 nm are recommended.

NOTE Of

ence materials (RMs) for calibration of magnification scale

CRMs and RMs available for calibration of magnification scales for the TEM apparatus are
1.3.

XX1): Nanoscale strip pattern for length calibration and test of lateralresolution; AlGaAs-In
the Si wafer; certified value; 74 nm, 145 nm, 288 nm, 478 nm and 964 nm.

is material is supplied in the form of a block of conducting epoxy with dimensions of
m x 4 mm. It is necessary to cut out the thin film from the block.fer TEM observation by the customer.

bx Scientific Ltd., Canada

is material is supplied in the form of thin foil on the TEM specimen grid which is suitable for

rrox Scientific Ltd. (manufacturer and“supplier) distribute the MAG*I*CAL to many suppliers such as
EMS (Electron Microscopy Sciences), SBT (South Bay Technology, Inc.), SPI (Structure Probe, Inc.
ysing crystal for X‘ray analysis

ystals consist of<\two kinds of materials [for example, tungsten (W) and silicon (Si)] alterr
d on Si substrate’ The line pitch used for the magnification calibration shall be calibrated by

her reference materials having different combinations with other materials as the multilayer can be usgd.

given

[5aAs

about

: SiGe/Si multilayer on Si <001> substrate; cettified value; around 10 nm, 100 nm, 1 ym, 5 ym.

TEM

Agar
, Ted

ately
Lsing

1) 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.

2) 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
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be used if they can be shown to lead to the same results.
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D.2 Reference materials (RMs) for calibration of pixel size
Examples of RMs available for calibration of the pixel size of a digitized image are given below.
D.2.1 National Institute of Standards and Technology, USA

SRM2800 (NIST): Microscope Magnification Standard, distance range £1 ym to £5 mm, chrome printed on a
fused-quartz substrate.

D.2.2 Brown & Shape Precizika, USA

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

D.2.3 GELLER Microanalytical Laboratory, USA

a) agnification Reference Standard (MRS)3), square-box type, line pitches @wm, 50 ym gnd 500 pm,
hromium patterned on a quartz substrate.

b) traceable Micro-Ruler4) for light microscope image, overall scale 150\mm with 0,01 mm incfements, anti
eflective chromium patterned on a soda-lime glass.

D.3 |d-spacing of some pure elements

Tablg D.1 shows d-spacing of some pure elements suitablefor magnification calibration.

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

Element Index d-spacing
nm
111 0,235
Gold, (Au) 200 0,204
220 0,144
111 0,314
Silver (Si) 200 0,272
220 0,192

3) 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.

4) 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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D.4 Examples of the image having a periodic structure

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

a) Grating replica (2 000 lines/mm) b) Super@ce structure for middle range |of
for low-range magnification magni@a ion; GaAs (9,5 nm)/AlAs (9,5 nm

~—

c) Crystal lattice image for high range of magnification; Au (200) 0,204 nm spacing

Figure D.1 — Typical reference materials for magnification calibration
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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 as part of a quality-
control program.

Refe
NOTH

NOTH
magn
to rep
used.

to the example in the test-report table below.
1 Insert the actual magnification measured against the calibration standard.

2 The above frequency of repetitions of independent measurements m and\.h, acceler]
fication mode, magnification, and image resolution of scanner are for example only. (These values cd
resent those settings that are used in practice. A different number of settings to those-given in this ex

The rfesult should be plotted as a control chart to show variability over time:

pting voltage,
n be adjusted
ample may be

©1S0
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Test Report for Calibration of TEM Magnification

Number of the calibration report:

Name of the testing laboratory:

Address of the testing laboratory:

International Standard reference: ISO 29301:2010

Name of the [client:

Address of the client:

Name of the [TEM manufacturer:

Address of the TEM manufacturer:

TEM Model: (Serial number; )

Specimen hglder model: (Serial number: )

Name and identification of reference materials:

Operating voltage: (kV)

Image formagion mode: (_ ) LOW-MAG, () MAG,c( ) SAMAG, () MAG zoom

Procedure t¢ set the target magnification for,_calibration:

Name of the [digital éamera manufacturer:

Address of theldigital camera manufacturer:

Specification of image sensor built into the digital camera

1. number of pixels in X and Y directions: X

2. pixel size of individual image sensor: X

Name of the film scanner manufacturer:

Address of the film scanner manufacturer:
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