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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.

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

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

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

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

This document was prepared by Technical Committee ISO/TC 202, Microbeam analysis.

This second edition cancels and replaces the first edition (ISO 24173:2009) which has been technically 
revised.

The main changes are as follows:

—	 Clause 3 has been updated;

—	 “in the working position” is changed to “in the detector position” [see 6.6 (d)];

—	 subclause “7.1 Pre-test preparation” in the previous edition is omitted;

—	 “Annex B (normative)” is changed to “Annex B (informative)”;

—	 changes have been made to align this document with ISO rules. 

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Electron backscatter diffraction (EBSD) is a technique that is used with a scanning electron microscope 
(SEM), a combined SEM-FIB (focussed-ion beam) microscope or an electron probe microanalyser (EPMA) to 
measure and map local crystallography in crystalline specimens.[1],[2]

Electron backscatter patterns (EBSPs) are formed when a stationary electron beam strikes the surface of 
a steeply inclined specimen, which is usually tilted at ≈ 70° from normal to the electron beam. EBSPs are 
imaged via an EBSD detector, which comprises a scintillator (such as a phosphor screen or a YAG single 
crystal) and a low-light-level camera (normally a charge-coupled device, CCD). Patterns are occasionally 
imaged directly on photographic film.

By analysing the EBSPs, it is possible to measure the orientation of the crystal lattice and, in some cases, to 
also identify the phase of the small volume of crystal under the electron beam. EBSD is a surface diffraction 
effect where the signal arises from a depth of just a few tens of nanometres, so careful specimen preparation 
is essential for successful application of the technique.[3]

In a conventional SEM with a tungsten filament, a spatial resolution of about 0,25  µm can be achieved; 
however, with a field-emission gun SEM (FEG-SEM), the resolution limit is 10 nm to 50 nm, although the 
value is strongly dependent on both the material being examined and the instrument operating parameters. 
A new method termed as transmission Kikuchi diffraction (TKD)[4] or transmission EBSD (t-EBSD)[5] 
in SEM has been proved to improve spatial resolutions better than 10 nm and is suited for routine EBSD 
characterization of both nano-structured and highly deformed samples.

Orientation measurements in test specimens can be carried out with an accuracy of ≈ 0,5°. By scanning the 
electron beam over a region of the specimen surface whilst simultaneously acquiring and analysing EBSPs, 
it is possible to produce maps that show the spatial variation of orientation, phase, EBSP quality and other 
related measures. These data can be used for quantitative microstructural analysis to measure, for example, 
the average grain size (and in some cases the size distribution), the crystallographic texture (distribution 
of orientations) or the amount of boundaries with special characteristics (e.g. twin boundaries). EBSD 
can provide three-dimensional microstructural characterization by combining with an accurate serial 
sectioning technique, such as focussed-ion beam milling.[6]

It is strongly recommended that EBSD users should be well acquainted with both the principles of 
crystallography and the various methods for representing orientations (both of which are described in the 
existing literature in this field) in order to make best use of the EBSD technique and the data.[7],[8]

v
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International Standard ISO 24173:2024(en)

Microbeam analysis — Guidelines for orientation 
measurement using electron backscatter diffraction

1	 Scope

This document gives guidance on how to generate reliable and reproducible crystallographic orientation 
measurements using electron backscatter diffraction (EBSD). It addresses the requirements for specimen 
preparation, instrument configuration, instrument calibration and data acquisition.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO/IEC  Guide  98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in 
measurement (GUM:​1995)

3	 Terms and definitions

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

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

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

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

3.1
crystal
entity consisting of a regular, repeated arrangement of atoms in space and usually described by a space 
group, a crystal system, unit cell parameters (including the lengths and angles between the unit cell axes) 
and the positions of the atoms inside the unit cell[9],[10]

Note 1 to entry: For example, an aluminium crystal can be represented by a cube (unit cell) of length 0,404 94 nm 
along each edge and with atoms at the corners and centres of the cube faces.

Note 2 to entry: Simulations of the atomic arrangement in a small (4 × 4 × 4 unit cells) aluminium crystal, as viewed 
along the [1 0 0], [1 1 1] and [1 1 0] directions, are shown in Figure 1, together with the associated spherical Kikuchi 
patterns for each crystal orientation. The 4-fold, 3-fold and 2-fold crystal symmetries are easily seen, as are the mirror 
planes.

Note 3 to entry: For those unfamiliar with crystallography, it is recommended that a standard textbook be consulted 
(see for example References [9], [10] and [11]).

Note 4  to entry: Annex C contains a brief introduction to crystallography and a guide to the indexing of EBSPs for 
materials with cubic crystal symmetry.

1
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Figure 1 — Simulations of a small aluminium crystal (top) as viewed along the [1 0 0], [1 1 1] and [1 
1 0] directions, with their associated spherical Kikuchi patterns (bottom). The symmetry is clearly 

shown.

3.2
crystal plane
plane, usually denoted as (h k l), representing the intersection of a plane with the a-, b- and c-axes of the unit 
cell at distances of 1/h, 1/k and 1/l, where h, k, and l are the minimum mutual integers

Note 1 to entry: The integers h, k, and l are usually referred to as the Miller indices of a crystal plane.

Note 2 to entry: See Annex C for more information.

3.3
crystal direction
direction, usually denoted as [u v w], representing a vector direction in multiples of the basis vectors 
describing the a, b and c crystal axes

Note 1 to entry: See Annex C for more information.

3.4
crystallographic orientation
alignment of the crystal coordinate system (for example, [1 0 0], [0 1 0], [0 0 1] for a cubic crystal) in relation 
to the specimen coordinate system

Note 1 to entry: The specimen coordinate system can be denoted as X, Y, Z. When EBSD is applied to the study of rolled 
materials, it is often denoted as RD, TD, ND [RD = reference (or rolling) direction, TD = transverse direction and ND = 
normal direction].

3.5
EBSD detector
detector used to capture the backscatter electron signal and convert it to an visible image on the display 
device (computer screen) via a video-camera, which is commonly a high-sensitivity charge-coupled device 
(CCD), or complementary metal-oxide-semiconductors (CMOS)

2
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3.6
electron backscatter diffraction
EBSD
diffraction process that arises between the backscattered electrons and the atomic planes of a highly tilted 
crystalline specimen when illuminated by a stationary incident electron beam

Note 1 to entry: Commonly used alternative terms for EBSD are “EBSP” (or more usually the “EBSP technique”), “BKD” 
(backscattered Kikuchi diffraction), “BKED” (backscattered Kikuchi electron diffraction) and “BKDP” (backscattered 
Kikuchi diffraction pattern).

Note 2 to entry: See Annex A for more information.

3.7
electron backscatter pattern
EBSP
intersecting array of quasi-linear features, known as Kikuchi bands (see Figure  2), produced by electron 
backscatter diffraction and recorded using a suitable detector, for example observed on a phosphorescent 
screen or, less commonly, on photographic film

Figure 2 — Examples of EBSPs showing arrays of overlapping Kikuchi bands

3.8
pattern centre
PC
point in the plane of the detector screen on a line normal to the plane of the screen and passing through the 
point where the electron beam strikes the specimen

3.9
Euler angles
set of three rotations for representing the orientation of a crystal relative to a set of specimen axes

Note 1 to entry: The Bunge convention (rotations about the Z, X'and Z"directions) is most commonly used for describing 
EBSD data. The Euler angles give the rotation needed to bring the specimen coordinate system into coincidence with 
the crystal coordinate system. It should be noted that there are equivalent sets of Euler angles, depending on crystal 
symmetry[8].

3.10
Hough transform
mathematical technique of image processing which allows the automated detection of features of a particular 
shape within an image

Note 1 to entry: In EBSD, a linear Hough transform is used to identify the position and orientation of the Kikuchi bands 
in each EBSP (3.7), which enables the EBSP to be indexed. Each Kikuchi band is identified as a maximum in Hough 
space. The Hough transform is essentially a special case of the Radon transform. Generally, the Hough transform is for 
binary images, and the Radon transform is for grey-level images.[12],[13] See 5.3.7 for more details.

3
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3.11
indexing
process of identifying the crystallographic orientation corresponding to the features in a given EBSP, for 
example, determining which crystal planes correspond to the detected Kikuchi bands or which crystal 
directions match the Kikuchi band intersections (zone axes) and thereby determining the orientation (and 
phase)

3.12
orientation
alignment of a crystal axes relative to a set of specimen axes

Note 1 to entry: It is usually represented by Euler angles (ϕ1, Φ, ϕ2) or a 3 × 3 orientation matrix of direction cosines 
between the crystal and specimen axes and/or a Rodrigues-Frank vector.

3.13
orientation map
OM
map-like display of crystal orientation data derived from the sequential measurement of the crystal 
orientation at each point in a grid

Note 1 to entry: See Reference [14] for more information.

Note  2  to entry:  Alternative terms are crystal orientation map (COM), automated crystal orientation map and 
orientation imaging microscopy map. 

3.14
misorientation
difference in the orientation of two crystallites, usually expressed as an angle/axis pair

Note 1 to entry: Misorientation is the rotation required to bring one crystal grain into coincidence with another. It can 
be described by a rotation matrix, a set of Euler angles, an axis/angle pair or a Rodriguez vector. The axis/angle pair is 
most common, but the smallest angle description is generally used.

Note 2 to entry: The EBSD software calculates the crystal orientation of a particular point on the specimen surface 
based on the EBSP (3.7) acquired at that point. The software can then calculate the misorientation between any two 
chosen acquisition pixels (which can or cannot be neighbours in the orientation map)[15].

3.15
transmission Kikuchi diffraction
TKD
SEM-based electron-transparent diffraction applies conventional EBSD hardware to a sample

Note 1 to entry: Commonly used alternative terms for TKD are “t-EBSD”[5].

Note 2 to entry: It has been proven to enable spatial resolutions better than 10 nm. This technique is ideal for routine 
EBSD characterisation of both nanostructured and highly deformed samples.

3.16
phase identification
crystallographic identification of an unknown phase in a specimen by comparing the features of the acquired 
EBSP (3.7) with those simulated or calculated from a set of possible candidate phases [16],[17],[18]

Note 1 to entry: This can be an automatic process in which the EBSD software searches a preselected set of crystal 
phase databases and determines the phase whose simulated EBSP (3.7) best matches the acquired EBSP. In this 
situation, the procedure is referred as phase discrimination. Alternatively, it can be a manual process in which 
features of the EBSP (3.7), such as its symmetry, band widths and HOLZ (higher-order Laue zone) lines are used in the 
identification procedure. In either case, information about the chemical composition obtained using energy-dispersive 
X-ray spectrometry (EDX) or wavelength-dispersive X-ray spectrometry (WDX) can be additionally used to reduce the 
list of possible phases, thereby speeding up the process and providing an increased level of confidence in the results.

4
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3.17
phosphor screen
screen used to convert the electron signal to a visible light signal which can be detected with a low-light-
level camera

Note 1 to entry: Most EBSD phosphors are made of a thin layer of phosphor particles, ≈ 4 µm to 10 µm in size, held 
together with a binder and having a final aluminium coating that both dissipates charge and acts as a mirror to 
increase the EBSP (3.7) signal but is thin enough to be relatively electron-transparent.

3.18
specimen-to-screen distance
SSD
distance between the pattern centre in the detector screen and the point where the electron beam strikes 
the specimen

Note 1 to entry: If the specimen-to-screen distance decreases, then the EBSP (3.7) will appear to zoom out about the 
pattern centre, i.e. more Kikuchi bands will be seen.

3.19
spherical Kikuchi map
SKM
representation of the EBSP (3.7) diffraction pattern projected on to the surface of a sphere, as shown in 
Figure 3, the diffracted signal emanating spherically from a point source on the specimen surface

Note 1 to entry: Spherical Kikuchi maps are useful in that they avoid the distortions associated with the gnomonic 
projection of the EBSD signal onto the flat phosphor screen used to capture each EBSP (3.7).

Note  2  to entry:  The spherical Kikuchi map is centred about the specimen and aligned with the crystallographic 
directions of the crystal being examined. As the crystal is rotated, the spherical Kikuchi map moves in synchrony.

NOTE	 This orientation is the standard silicon calibration orientation for a 70° tilted specimen; the incident 
electron beam direction is shown.

Figure 3 — Schematic diagram showing a silicon unit cell (right) with the main crystal directions 
labelled and, on the left, a spherical Kikuchi map of silicon at the same orientation

3.20
symmetry
property an object has if it looks the same when rotated with a certain angle, translated or mirrored in a 
certain way

Note 1 to entry: For further information, see Annex C.

5
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3.21
zone axis
point in an EBSP (3.7) where the centres of several Kikuchi bands intersect

Note 1 to entry: It corresponds to a low-index crystal direction in the EBSP (3.7).

3.22
Bravais lattice
three-dimensional geometric arrangement of the atoms or molecules or ions making up a crystal

4	 Equipment for EBSD

4.1	 SEM, EPMA or FIB instrument, fitted with an electron column and including controls for beam 
position, stage, focus and magnification (see Figure 4).

4.2	 Accessories, for detecting and indexing electron backscatter diffraction patterns, including:

4.2.1	 Phosphorescent (“phosphor”) screen, which is fluoresced by electrons from the specimen to form 
the diffraction pattern.

4.2.2	 Video camera, with low light sensitivity, for viewing the diffraction pattern produced on the screen.

4.2.3	 Computer, with image processing, computer-aided pattern indexing, data storage and data 
processing, and SEM beam (or stage) control to allow mapping.

NOTE 1	 Modern systems generally use charge-coupled devices (CCDs) or complementary metal-oxide-
semiconductors (CMOS).

NOTE 2	 Some systems incorporate detector(s) mounted around the phosphor screen to detect electrons scattered 
in the forward direction from the specimen; the detectors are usually silicon diodes, similar to those used in solid-state 
backscatter detectors. The images (orientation and atomic number contrast) give a rapid overview of the specimen 
microstructure [19].

Key
1 EBSD instrument 5 chamber
2 SEM 6 EBSD computer
3 EDX (energy-dispersive spectrometer) (optional) 7 beam control
4 tilted specimen 8 SEM and stage control

Figure 4 — Diagram of an experimental EBSD arrangement

6
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4.3	 If specimens need to be prepared for EBSD, the following equipment can be required (depending 
on the types of specimen to be prepared — see Annex  B): cutting and mounting equipment, mechanical 
grinding and polishing equipment, electrolytic polisher, ultrasonic cleaner, ion-sputtering equipment and 
coating equipment.

5	 Operating conditions

5.1	 Specimen preparation

The volume of material sampled by the electron beam during EBSD analysis shall be crystalline. The crystal 
features (e.g. grain size, deformation state) of this volume should be representative of the bulk specimen or 
part of the specimen about which the nature of the microstructure will be inferred in the case of segmented 
microstructures (e.g. layered thin films or heat-affected/non-heat-affected zones near welds). Since the 
EBSP is generated by electron diffraction within a few tens of nanometres of the specimen surface, very 
good preparation of the specimen surface is required to prevent the EBSD data from being deleteriously 
affected by inadequate preparation. The top layer under investigation shall be free from deformation due 
to specimen preparation and flat. Poor specimen preparation can leave deformation at, or just below, the 
surface or can leave contaminants, oxides or reaction product layers on the specimen surface. Due to the 
high tilt of the specimen surface (typically 70°) with respect to the electron beam, minimizing surface relief 
is also an important part of good specimen preparation. Guidelines on specimen preparation for EBSD are 
given in Annex B.

5.2	 Specimen alignment

Accurate calibration (see Clause  6) and measurement using EBSD requires careful specification of the 
alignment between the coordinate systems of the specimen, the SEM scanning coils, the stage and the 
EBSD detector. The specimen shall be aligned in the microscope such that the normal to the acquisition 
surface is at a chosen tilt angle (typically ≈ 70°) to the electron beam and such that a reference direction 
on the acquisition surface, often a specimen edge, is parallel to both the stage tilt axis and, in the case of 
beam scanning, to one axis of the beam-scanning system. Accurate alignment can be achieved more easily 
when the specimen is mounted on a stage that allows rotation of the specimen within the tilted acquisition 
plane, since fine adjustment can be performed with the specimen inside the microscope. First, the specimen 
reference direction shall be aligned with the stage tilt axis. This alignment can be verified by moving the 
stage back and forth along the tilt axis and checking in the electron image that the specimen reference 
direction moves back and forth through a fixed point on the display, such as a particular intersection point 
on a grid overlay. The long axis of the beam scan can then be aligned with the tilt direction by adjusting the 
scan rotation until these two directions appear aligned in the electron image. If a pre-tilted specimen holder 
is being used (or the stage does not allow rotation within the acquisition plane), then it is critical that the 
specimen be mounted with the specimen reference direction as close as possible to one of the orthogonal 
SEM stage axes. With a manual-tilt stage, a mechanical end-stop at the desired tilt angle is recommended so 
that the stage can be tilted to the desired tilt angle with better reproducibility.

5.3	 Common steps in collecting an EBSP

5.3.1	 Setting the microscope operating conditions

5.3.1.1	 Accelerating voltage

To contribute to the formation of the pattern, the electrons must have sufficient energy so that, when 
backscattered, they retain enough energy to cause scintillation in the phosphor screen. This also increases 
the number of electrons falling on the screen and thus the brightness of the diffraction pattern. This allows 
the integration time of the camera to be reduced but will make the spatial resolution poorer by increasing 
the electron beam size. Note, however, that this reduced resolution is typically only a small effect. An 
accelerating voltage ranging between 15 kV and 30 kV is recommended for most applications. Increasing 
the accelerating voltage reduces the electron wavelength and hence reduces the width of the Kikuchi bands 
in the diffraction pattern. Lower accelerating voltages within this range are beneficial for analysing the 

7
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material below a very thin (up to approximately 10  nm) conducting coating or very thin layer of surface 
deformation.

5.3.1.2	 Probe current

Increasing the probe current will increase the number of electrons contributing to the diffraction pattern 
and so allow the camera integration time to be reduced, allowing faster mapping. However, this advantage 
shall be balanced against the associated loss of spatial resolution because increasing the probe current 
results in the EBSD signal being generated from a larger volume in the specimen and also increases problems 
due to both charging and contamination effects.

The electron beam shall be focussed on the specimen surface and dynamic focussing used, if available, to 
compensate for the tilted specimen.

5.3.2	 Detector and working distances

For general use, the ideal working distance for EBSD is the working distance at which the brightest region of 
the raw EBSP (i.e. without background correction) is in the centre of the phosphor screen. Other experiments 
can dictate a different position. Pattern intensity can be increased by increasing the camera gain but at the 
expense of increasing noise levels. Short working distances will generally improve the spatial resolution of 
EBSD measurements, although additional care has to be taken to avoid collisions between the specimen and 
the SEM pole-piece or the backscatter detector (if present).

The ideal detector (specimen-to-screen) distance for EBSD depends on the size of the phosphor screen and 
on the nature of the analysis being conducted. For a typical EBSD investigation, the phosphor screen is placed 
approximately 15 mm to 25 mm from the intersection point between the electron beam and the specimen. 
With a smaller specimen-to-screen distance, more bands are captured in each EBSP, which can be useful for 
improving the indexing of low-symmetry phases and for improving discrimination between phases or of 
orientations with similar (pseudosymmetric) EBSPs. With a larger specimen-to-screen distance, a smaller 
region of diffraction space is imaged on the phosphor screen, and the bands in each captured EBSP are 
wider. Automated indexing might, however, not be possible if the detector distance is increased beyond a 
certain value.

At low magnifications, the pattern centre position will move significantly during beam scanning, and this 
will affect the accuracy of the orientation data collected. Some systems have calibration and indexing 
routines that account for this movement. Some systems allow for calibrations at different working distances 
and interpolate between these for intermediate working distances. The range of working distances for 
which the EBSD system remains accurately calibrated shall be determined.

5.3.3	 Camera integration/exposure time

Most modern CCD cameras have the ability to control the amount of time that the camera pixels are exposed 
to light. This parameter is usually referred to as the camera integration or exposure time. Long exposure 
times will generally give better-quality EBSPs with lower noise levels; however, if the exposure time is too 
long, parts of the image can become saturated (i.e. completely white).

The integration time should be set so that the raw EBSP (i.e. without background correction) is as bright as 
possible without any portion of the EBSP becoming over-saturated. The integration time required to achieve 
this condition will be smaller with higher atomic number of the phase being examined, higher accelerating 
voltage, higher probe current, smaller detector distance, lower camera resolution (higher binning levels) 
and higher gain setting. The integration time shall be optimized for the specific conditions used in each 
experiment to make full use of the dynamic range of cameras (CCD or CMOS). A useful check is to examine 
the grey-level histogram of the raw, unprocessed EBSP and to adjust the settings so that approximately 75 % 
of the range is being used.

5.3.4	 Binning

Most modern of cameras (CCD or CMOS) are capable of combining blocks of pixels to give an enhanced, i.e. 
brighter, signal and higher camera sensitivity, at the cost, however, of a lower-resolution image. Binning can 
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be used to increase the speed of EBSP mapping as the increased binning results in a faster camera (CCD or 
CMOS) readout speed. Binning also increases the effective sensitivity of the detector.

The series of images in Figure 5 shows the effects of binning on the EBSP signal and speed as the binning 
factor is repeatedly doubled. Each doubling corresponds to a halving of the EBSP image width in pixel units.

Figure 5 — Schematic diagram showing the effect of camera binning on image size, intensity and 
speed

5.3.5	 EBSP averaging

Digital averaging of several EBSPs  gathered from the same crystal volume is sometimes carried out to 
reduce the noise level in the final EBSP. EBSP averaging leads to higher-quality EBSPs but slows down the 
EBSD mapping speed. The total camera time is the product of the camera integration time (time per frame) 
and the number of frames used to obtain the averaged EBSP but can improve indexing rates and indexing 
quality in some applications. Averaging between 1  frame (i.e. no averaging) and 3  frames is typical for 
mapping. Higher levels of averaging can be used for some applications, such as difficult phase identification.

5.3.6	 EBSP background correction/EBSP signal correction

EBSPs generally have a bright centre and become much darker near the corners. Background correction 
should be used to convert the “raw” EBSPs into ones with more uniform average brightness across them 
and with better local contrast near the edges and corners. Background correction involves collecting 
a background signal and then removing it from an EBSP by subtraction, division or a mixture of the two. 
(Division usually improves the contrast in the corners of the EBSP and, in image-processing terms, is called 
“flat-fielding”.) Two methods are generally used to obtain a signal for the background correction. In the first 
method, an EBSP is collected while the beam is scanned over a large number of grains in a polycrystalline 
specimen. Since a large number of EBSPs  has been averaged, the resulting pattern has no bands but retains 
the brightness gradient from centre to corners that is present in raw EBSPs . This pattern with no bands is 
used as a background to enhance the contrast in all subsequently collected EBSPs. In the second method, a 
background is created from each collected EBSP by using a mathematical “blurring” function to smooth out 
the short-range contrast (i.e. the bands). This background is then used to enhance the contrast in the EBSP 
from which it was created. This method tends to accentuate flaws in the scintillator (phosphor) or abnormal 
pixels in the CCD, so its use should be avoided on a system with these problems. The time taken for pattern 
processing is also slightly greater when using this method.

9
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For many applications, particularly the analysis of deformed materials, it is advisable to use a combination 
of both methods. For some applications, one method can be preferable. The second method is very useful 
for single-crystal specimens and for specimens with very large grain sizes, where it can be difficult or 
impossible to scan the beam over a sufficiently large number of grains. If the first method is used for such 
specimens, the specimen should, if possible, be continuously rotated while the background is being acquired; 
this will smear out the EBSP and produce a better background than digital smoothing of the EBSP.

5.3.7	 Band detection

Band detection during EBSD refers to the automatic detection of Kikuchi bands in an EBSP via use of a Hough 
transform, as depicted in Figure 6 [12],[13].

a) b)

c) d)

Key
r radius of area of interest
ρ distance of a specimen line from the origin
θ inclination of the specimen line

Figure 6 — Schematic diagram showing a) a downsized EBSP of ≈ 100 pixels in width; b) a Hough 
space parameterization; c) a Hough transform of the EBSP shown in a); d) the original EBSP with the 

detected bands 1 to 7, corresponding to the numbered peaks in c), superposed

Note the following.

a)	 At the user's discretion, the resolution of the EBSP can be reduced by binning, to increase speed.

10
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b)	 Hough space is parameterized in terms of ρ and θ which represent the distance of each specimen 
line from the origin and the inclination of the line, respectively (see Figure 6). A point in Hough space 
transforms to a straight line in the EBSP. Correspondingly, a point in each EBSP transforms to a 
sinusoidal curve in Hough space that defines each specimen line that passes through the point.

c)	 Once the Hough space transformation has been carried out (in practice, this is achieved using an 
accumulation algorithm) and, optionally, normalized (to correct for the variation of specimen line length 
with position in Hough space), the Hough image can be filtered to highlight the peaks that correspond 
to the Kikuchi band. This is normally done using a so-called “butterfly” filter. In Hough space, each 
Kikuchi band appears as a bright peak with a pair of darker valleys above and below. The bright peak 
corresponds to the Kikuchi band centre, and the dark valleys to the two edges of the Kikuchi band.

d)	 The Kikuchi bands detected can optionally be displayed on top of the original EBSP.

e)	 The quality of indexing for given settings of the Hough transform shall be checked (see Clause 8). If the 
indexing is poor, the suitability of the settings for the Hough transform should be investigated.

Care is required in setting the parameters for the Hough transform, and the effects of changing them on the 
indexing of patterns of materials similar to those of interest should be observed.

6	 Calibrations required for indexing of EBSPs

6.1	 Calibration of the EBSD system geometry is required to measure accurately the relationship between 
the specimen and the crystallographic axes (the crystal orientation). For this, it is necessary to be able to 
determine the (x, y) position of the pattern centre (PC) on the phosphor screen and the specimen-to-screen 
distance (SSD) (see Figure 7).

6.2	 The calibration applies to a fixed tilt angle of the specimen, a fixed position of the screen or camera 
assembly and a fixed working distance of the microscope. Any alteration of these parameters can affect the 
result of pattern indexing and requires a recalibration.

In systems where magnetic fields are present near the specimen, calibration shall also include measurement 
of the effects of distortions in the EBSP caused by these magnetic fields.

6.3	 At any magnification, the PC position will move as the beam is scanned over the specimen. At low 
magnification, the PC motion can be significant and might affect the accuracy and results of the indexing 
routines. Some systems have calibration and indexing routines that allow for this movement. Some systems 
allow calibration at different working distances and interpolation for intermediate working distances. It is 
important that the range of working distances for which the EBSD system were accurately calibrated.
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6.4	 The EBSP is a gnomonic projection of the diffraction sphere on to the detector screen; points furthest 
from the PC are distorted/stretched the most. The PC and the SSD are the most important calibration 
parameters and, for accurate absolute orientation measurements, the PC shall be accurately determined.

Key
1 pattern centre (PC)
2 specimen-to-screen distance (SSD)

Figure 7 — Schematic diagram showing the main EBSD geometry calibration parameters

6.5	 If the PC is displaced, then the centre of the EBSP diffraction sphere will also be displaced by the same 
amount. For small displacements, this will appear in certain parts of each pattern to be a rotation, hence it 
can be difficult to accurately fit the PC position using iterative fitting of the Kikuchi bands.

NOTE	 The images in Figure 8 show a silicon EBSP a) correctly calibrated (note how well the simulated black lines 
match the Kikuchi bands), b) with the PC displaced horizontally and c) with the PC displaced vertically.

a) b) c)

Figure 8 — Example of EBSP indexing as a function of PC position: a) correct indexing with an 
accurate PC (white cross) — the simulated bands (black) align with the real Kikuchi bands; b) the 

PC is displaced horizontally and c) vertically, resulting in obvious errors in the simulated band 
positions
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6.6	 The following four methods of calibration are used to determine the PC and SSD:

a)	 Iterative pattern fitting: In this method, approximate values of the PC coordinates and the SSD are 
used as the starting values for a fitting (parameter refinement) procedure between the Kikuchi line 
positions in an EBSP collected from a known material (commonly the specimen under investigation) and 
the simulated Kikuchi line positions for a given crystal orientation. This is the most common method in 
use with commercial systems. By repeating the calibration on several EBSPs and averaging the results, 
a more accurate calibration can be achieved.

It is important that the known phase be accurately represented in the database.

b)	 Shadow-casting techniques: These are rarely used now but have a place in precision work [2].

c)	 Use of a crystal of known phase and orientation: Single crystals of germanium, silicon or nickel are 
commonly used. The crystal shall produce high-quality EBSD patterns and the plane parallel to the 
acquisition plane and the direction parallel to the tilt axis shall be known. The accuracy of the calibration 
(and therefore the accuracy of absolute orientation measurement using the EBSD system) depends on 
the accuracy with which these planes and directions are known. Therefore, it is recommended that 
these planes and directions be known to within an accuracy of 0,5°. An example of an indexed silicon 
EBSP is shown in Figure 9.

Figure 9 — Example of a silicon EBSP (left) with the main planes and zones labelled (right)

A common material for this purpose is polished Si cut on the (0 0 1) plane, with the edge of the calibration 
crystal cut along <1 1 0>, which should be aligned accurately with the stage tilt axis. For a detector with 
a vertical screen and a 70,53°-tilted silicon specimen, the PC lies in the [1 1 4] zone, and the SSD can be 
determined by measuring the distance between two known zone axes, e.g. [0 1 1] and [1 0 1], and relating 
the distance in pixels to the known angle between the two zone axes, which is 60° in the case cited. For a 
number of reasons, this is often used to locate the approximate SSD and PC, and the iterative method is used 
to refine the values.

It is better to mount the reference single crystal together with the specimen to be investigated at the same 
tilt, typically 65° to 70°. There should be a reliable and accurate means of aligning the specimen axes with 
the microscope frame to obtain reproducible EBSD measurements (and not only to calibrate the SSD). If the 
calibration is not further defined for the specimen to be investigated, then the same accelerating voltage, 
working distance, tilt angle and detector distance values should be used as were used for the calibration, i.e. 
the specimen should be moved to the operating position using only stage movement to avoid changes to the 
beam focus.

If the calibration is refined using a pattern from a known phase in the material to be measured [see 6.6 a)], 
then small deviations from the working conditions used to generate the calibration data are permissible.

NOTE	 For high-symmetry materials, there will always be several possible positions for detection that would give 
the same EBSP. This is shown in Figure  10 where the EBSD detector is looking at the highlighted “kite” but could 
equally well be looking at any of the other highlighted equivalents.
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Figure 10 — Schematic diagram showing how a calibration EBSP (right, with a “kite” labelled) can 
be misinterpreted when used to calibrate an EBSD detector. There are several possible viewpoints 
for the EBSD detector that would produce the same EBSP (as shown by labelled “kites” on the left). 

Miscalibration of this kind will result in consistently rotated, incorrect orientation data.

d)	 Pattern magnification: In this method, an EBSP is taken with the detector fully inserted and another 
with the detector partially retracted. The EBSP will thus zoom about the PC, and the (x, y) coordinates 
of the PC can be located by comparing similar features in both EBSPs (see Figure  11). The SSD is 
determined as in method 6.6 a) in the detector position.

Figure 11 — PC calibration by the moving phosphor method. By moving the EBSD detector, the EBSP 
will appear to zoom out/in about the PC. This is shown schematically on the left. The indexed EBSP 

is shown on the right. In this case, the pattern centre is the [1 1 4] zone axis.

7	 Analytical procedure

7.1	 Operating conditions

The operating conditions shall be determined as described in Clause 5.
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7.2	 Equipment stability check

Some hours after starting the equipment, and again during use, the stability of the system should be verified. 
With most FEG-SEMs, at extremely high magnification and with very small EBSD map step-size (≈ 50 nm 
or below), it is recommended that several hours be allowed for stabilization. The electron gun stability 
and probe current stability are important parameters and should also be monitored during collection of 
EBSD data. Sometimes, stage drift can occur, and it should therefore be checked. It is recommended that a 
recording of the image before and after map acquisition be made to detect whether the specimen moved.

7.3	 EBSD analysis

Once the above steps have been carried out, EBSD analysis can be performed on the specimen. The analysis 
cycle consists of beam positioning, EBSP acquisition, band detection, indexing and saving of the data. This 
cycle shall be repeated for each data point.

NOTE	 While it is common both to capture and to index the EBSP for each point during the acquisition cycle, it 
might be possible to capture and save the EBSPs, or the position of peaks in Hough space, depending on the system 
being used. Saving the data can also be done concurrently with indexing, if desired. Retrieval of the EBSPs or the 
Hough peaks (depending on what is saved), followed by band detection, indexing and saving of the results, is carried 
out at a later time. This allows varying degrees of parameter adjustment during the indexing process.

8	 Measurement uncertainty

8.1	 General

Though this document is only concerned with the measurement of absolute and relative orientation using 
EBSD, all measurements are associated with a certain level of uncertainty, and it is important that the user 
be aware of the factors that can influence the measurement results from an early stage. The acceptable level 
of uncertainty in an EBSD measurement and the requirements for achieving this depend on the type of EBSD 
analysis being conducted, the material being analysed and the purpose for which the result will be used. The 
contribution of measurement uncertainty to the qualification and quantification of EBSD results should be 
considered in the contexts discussed in 8.2 to 8.4.

8.2	 Uncertainty of crystal orientation measurement

The uncertainty of the crystal orientation measurement by EBSD is a combination of the following factors:

a)	 uncertainty in the specification of the specimen coordinate system;

b)	 uncertainty in the specification of the alignment between the specimen coordinate system and the 
coordinate system of the EBSD detector;

c)	 uncertainty in acquiring the EBSP;

d)	 uncertainties in the band detection and the indexing of the EBSP;

e)	 the equipment and instrument operating settings (accelerating voltage, spot size, beam current, working 
distance, etc.).

8.3	 Absolute orientation

The crystal orientation is measured with respect to the specimen coordinate system. Results will be affected 
by all factors listed in 8.2.

8.4	 Relative orientation

The orientation of one crystal is measured with respect to another (i.e. the misorientation between two 
crystals is measured). This is independent of the uncertainty in the specification of the specimen coordinate 
system and the uncertainty in the specification of the alignment between the specimen coordinate system 
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and the coordinate system of the EBSD detector, except for the uncertainty associated with the adjustment 
of the EBSD system calibration to allow for the resulting change in geometry between the point of beam 
impingement and the detector screen (dynamic calibration). The measurement of relative orientation will 
also not be affected by any components of the uncertainties that are systematic (i.e. do not vary from point 
to point or orientation to orientation) but only by those components that do vary from point to point or 
orientation to orientation.

If a specimen contains more than one phase and these phases have different Bravais lattices then, in general, 
EBSD can be used to distinguish correctly between the different phases by matching the interplanar angles 
between theoretical and experimental results. For materials where pseudosymmetric patterns are expected, 
or which have very similar EBSPs, EDX (energy-dispersive X-ray spectrometry)/WDX (wave-dispersive X-ray 
spectrometry) data can be used to help distinguish between different phases. Alternatively, in cases where 
more than one phase present has the same Bravais lattice, the Kikuchi bandwidth measurements can also be 
used to distinguish between the phases.

It is the responsibility of the user to record the equipment and acquisition parameters (see 9.3), 
and to calculate the type A and type B uncertainties for the laboratory's set-up in accordance with 
ISO/IEC  Guide  98-3. Detailed guidelines on classifying uncertainty contributors and then estimating the 
uncertainty in the wide variety of measurements that can be derived from EBSD data fall outside the scope 
of this International Standard but might be covered in future International Standards relating to the various 
applications of EBSD.

9	 Reporting the results

9.1	 The results of the analysis shall be reported in accordance with the requirements of ISO/IEC 17025.

9.2	 The specimen preparation method and the section of the specimen analysed shall be clearly indicated.

9.3	 The SEM and EBSD operating conditions shall be indicated. Indicate gun type, accelerating voltage, 
working distance, probe current (if available), specimen tilt angle and type of scan (beam or stage), step size 
and magnification (or image width).

9.4	 In presenting the data, include at least one map showing the “raw” data (prior to any data-cleaning 
operations) to allow the reader to check for artefacts due to data-cleaning procedures.
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Annex A 
(informative) 

 
Principle of EBSD

When an electron beam is focussed on a tilted crystalline specimen, a divergent source of electrons is 
generated within the specimen by inelastic scattering involving little energy loss. Electrons from the source 
that are incident on a set of crystal planes at an angle that satisfies the Bragg equation (2dsinθ = nλ) are 
diffracted (θ being the angle of incidence of the incident beam, d the interplanar spacing, λ the wavelength of 
the incident beam and n an integer). For a family of atomic-lattice planes, the electron backscatter diffraction 
results in a set of two cones of diffracted electrons as shown in Figure A.1.

For the accelerating voltage considered (typically 20  kV), the Bragg angles are about 1°, so the cones of 
diffracted electrons are largely opened and nearly parallel to the diffracting plane. The intersection of these 
cones with the phosphor screen placed in front of the specimen leads to the formation of a pair of thin lines. 
These are called Kikuchi lines and define an EBSD band, the trace of the diffracting plane lying between 
the pair of lines at an equal angle to each. The resulting electron diffraction pattern consists of many 
Kikuchi bands, each band corresponding to a family of diffracting planes. According to the Bragg equation, 
the Kikuchi line spacing, for a given value of λ which can be determined by the accelerating voltage of the 
electron beam, is proportional to the Bragg angle θ, when θ is small enough, and inversely proportional to 
the interplanar spacing. The intersections of the Kikuchi line pairs correspond to zone axes in the crystal, 
i.e. crystallographic directions. In addition, many electrons are inelastically scattered and contribute to the 
formation of a diffuse background in the pattern.

Key
1 incident electron beam 4 kossel cones
2 tilted specimen 5 phosphor screen
3 lattice planes (h k l) 6 kikuchi lines

Figure A.1 — Mechanism for the formation of the Kikuchi bands for a given set of crystal planes
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Annex B 
(informative) 

 
Specimen preparation for EBSD1)

B.1	 General

Because diffracted electrons escape from within only a few tens of nanometres of the specimen surface, 
any surface defects, such as surface deformation, surface contaminants, oxide or reaction product layers 
will influence the electron diffraction signal, resulting in EBSPs of either low quality or spurious origin. To 
avoid this, careful preparation is needed for most bulk specimens to obtain useable EBSPs. Some specimens, 
however, such as crystal films or planar cleavage surfaces with low levels of surface relief, require no 
preparation prior to analysis. Each material under investigation should be considered on an individual basis, 
and the preparation scheme should be chosen appropriately. More details can be found in ASTM E 3 [21] and 
ASTM E 1558 [22].

B.2	 Cutting

B.2.1	 When cutting specimens for EBSD, the orientation of the specimen axes shall be preserved and 
recorded. For rolled sheets, the significant specimen directions (rolling direction, transverse direction and 
specimen normal direction) shall all be recorded.

B.2.2	 The cutting process shall not damage or change the specimen as this will lead to erroneous results. 
Avoid aggressive cutting methods that generate heat or cause deformation at the cut surface. Severe damage 
induced at this stage can extend so deep into the material that it is not removed by subsequent grinding and 
polishing. Heating caused during cutting can cause changes to the microstructure — phase transformations, 
recrystallization or precipitation/diffusion can take place. Therefore, heating shall be avoided.

B.3	 Mounting

Small specimens generally require mounting so that the specimen is supported in a stable medium for 
grinding and polishing. The medium chosen can be either a cold-curing resin or a hot-mounting compound.

Mounting is needed for polishing, but the mounting could be removed after polishing to prevent charging 
effects. A conductive mounting material is preferred for EBSD analysis as it helps to minimize electron beam 
charging effects which can cause intensity blooming in the EBSD patterns and image drift and distortion in 
orientation maps. Often, even non-conductive specimens can be mounted in such materials and observed 
using EBSD without requiring a conductive coating. If the specimens cannot withstand the heat/pressure 
required for hot mounting, then the use of other mounting materials can be necessary. For example, ceramics 
are often very brittle and cannot be subjected to pressure without fracturing. In this case, a cold-mounting 
epoxy can be more appropriate. Before analysis, the non-conductive surface of the epoxy can be coated with 
conductive silver or carbon to minimize charging effects.

B.4	 Grinding

B.4.1	 Grinding can be carried out in a number of ways, using a variety of abrasives. Fixed abrasive 
surfaces are available using SiC, Al2O3, diamond or cubic nitride abrasives. Grinding on a surface that has 
blunt abrasives causes a great deal of surface damage by smearing, “burnishing” and local heating. Damage 

1)	  Clauses B.1 to B.7 and Figures B.1 to B.4 have been adapted, with permission of Oxford Instruments, from the section 
"Sample Preparation for EBSD" on the Oxford Instruments Electron Backscatter Diffraction website.
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introduced during grinding can be invisible in the polished surface, but can serve to distort the EBSD result 
or even completely suppress pattern formation. Therefore, in order to maintain sharp abrasive particles, 
grinding papers should be changed frequently during the specimen preparation process. Also, the selection 
of grinding material and conditions should be specific for a given specimen.

B.4.2	 After every grinding stage, it is advisable to inspect the ground surface using a light microscope in 
order to ensure that all damage from the previous stage, whether it was a cutting or grinding stage, has been 
completely removed. Progress in this manner to the finest abrasive size required for the specimen to be 
ready for polishing.

B.5	 Polishing

B.5.1	 It is usually the case that polishing is started on a hard cloth with a coarser abrasive and finished on 
a softer cloth with a finer abrasive. Final polishing should not be prolonged, but just sufficient to achieve the 
desired surface finish without causing excessive relief. Extreme undulation or relief in the polished surface 
should be avoided.

Diamond polishing compounds or slurries are good for the preliminary stages for most materials. Typically, 
diamond polishing is carried out down to a 1 µm or 0,25 µm particle size, and this is followed by polishing 
with a 0,05 µm colloidal-silica slurry. A polishing time for this final step of between a few minutes and about 
20 min is common for metals, while geological specimens or ceramics can require hours. Harder polishing 
surfaces or cloths produce a flatter, i.e. more nearly plane, surface, but can leave polishing damage at the 
surface of the material, such as superficial scratching.

B.5.2	 For EBSD of geological or ceramic specimens, it is generally necessary to use an additional final 
polishing stage using colloidal silica for a minimum of 10 min. This procedure can also produce better results 
for metal specimens having hard second phases, such as carbide. Colloidal silica is a chemo-mechanical 
polish, i.e. it combines the effect of mechanical polishing with etching. This type of stock removal is ideal in 
many cases for EBSD, as a damage-free surface can be obtained with little effort. Figure B.1 shows the effect 
of chemo-mechanical polishing. Note that the film which forms on the polished surface during polishing 
shall be removed. A convenient method to achieve this is to flush the polishing wheel with water during the 
last few seconds of polishing, thereby cleaning the specimen surface. The specimen is then removed and 
dried in the usual manner, using a solvent which has a low water content and is not so volatile as to cause 
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water condensation on the surface. In some cases, 0,5  % to 1  % hydrochloric acid or nital (a mixture of 
alcohol and nitric acid) can be used to further clean the residual colloidal silica from the specimen surface.

Key
1 residual surface damage
2 surface layer removed by chemo-mechanical polishing with 0,05 μm colloidal silica or oxide
3 film formed during polishing (also removed)

Figure B.1 — Removal of residual surface damage by chemo-mechanical polishing

Flush the polishing wheel with water until all traces of colloidal silica have been washed away, spin to dry 
and store in a suitable container in which contamination of the wheel cannot occur. Meticulous attention to 
avoiding contamination of polishing wheels is an important aspect in achieving the best results. The use of 
colloidal silica produces good results with nearly all materials, and is particularly effective with ceramic 
and geological specimens that are otherwise difficult to prepare.

B.6	 Etching

B.6.1	 Polished surfaces can be examined using EBSD, but in many cases the pattern quality is improved by 
etching. Additionally, etching delineates the grain structure, which is of obvious benefit. However, etching 
can attack a second phase preferentially or attack grain boundaries excessively. Materials that are difficult 
to polish can benefit from repeated etching and repolishing. This method can expose an undamaged surface 
suitable for EBSD when conventional polishing and etching fail to achieve an adequate surface. Any etchant 
that is used shall dissolve the specimen surface in an even manner and not leave behind any oxide or reaction 
product layers. Such layers can completely suppress diffraction. Many etchants listed in metallographic 
textbooks are “contrast etches” which rely on the formation of oxide layers of different thicknesses to 
generate colours which are visible when using a light microscope. Such etches are generally not suitable for 
EBSD.

B.6.2	 Electrolytic polishing and etching are effective methods for dissolving the deformed layer near the 
surface of a metal specimen by applying a controlled voltage for a controlled time to the specimen in an 
electrolytic cell. Figure B.2 shows the characteristic curve for an electrolytic cell. This curve is dependent 
on the electrolyte used and will vary for different electrolytes. Control of the voltage and current density at 

20

﻿
© ISO 2024 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 24

17
3:2

02
4

https://standardsiso.com/api/?name=1375d189c1c4461d4575e3d5a833bc95


ISO 24173:2024(en)

the anode, plus electrolyte composition, temperature and stirring, are all critical in achieving the desired 
etching/polishing characteristics.

Key
X voltage
Y current density
1 etching
2 polishing
3 formation of viscous electrolyte layer
4 best polishing
5 oxygen formation

Figure B.2 — Characteristic curve for an electrolytic cell

B.6.3	 Plasma etching is a process which is the reverse of sputter coating. Generally, it should be used as a 
means of cleaning or improving a mechanically or electrolytically prepared surface.

B.7	 Ion beam techniques

B.7.1	 Ion milling is a process, applied to a specimen under vacuum, whereby a selected area of the surface 
is bombarded by an energetic beam of ions. Generally, the use of rotation and grazing bombardment angles 
promotes even erosion of the specimen surface and minimizes damage effects. However, certain grain 
orientations, grain boundaries and phases can erode at different rates, as shown in Figure B.3. Ion milling 
can give reasonably high rates of material removal, and this can be enhanced by the use of reactive gases, 
such as iodine, in the reaction chamber. The EBSD pattern quality is determined by the milling time and 
ion energy, as shown in Figure B.4. Ion milling can produce surfaces suitable for EBSD with minimal prior 
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preparation, especially with materials that are difficult to prepare by conventional metallography, such as 
zirconium and zircaloys.

a) Mechanically prepared surface b) Ion-milled surface

Figure B.3 — Effect of ion milling on titanium [back-scattered electron (BSE) images]

a) No ion milling b) 5 min c) 15 min

Figure B.4 — Effect of different ion-milling times on quality of pattern acquired with a copper 
specimen

B.7.2	 A focussed-ion beam (FIB) instrument is similar to the SEM, with the exception that a beam 
of excited ions is used instead of the conventional electron beam. The ion beam can be used to vaporize 
material from the specimen surface and is capable of “micro-machining” trenches and troughs and removing 
layers to reveal sections or surfaces of interest for imaging and EBSD examination. In the case of dual-beam 
instruments that have the capability of focussing both the ion and the electron beams onto the same region 
of the specimen, the prospect of specimen preparation in situ and under vacuum becomes a reality. The 
FIB technique is of interest with materials that are reactive or oxidize easily, which makes preparation by 
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conventional methods impossible. FIB also creates the possibility of preparing materials that are too soft for 
conventional preparation.

Because the technique can expose surfaces that are directly suitable for EBSD, without any further 
preparation or conditioning, and on a microscopic scale, it is especially useful in the semiconductor industry 
where ever smaller device geometry rules out conventional preparation methods.

B.8	 Conductive coating [23]

Observing non-conductive specimens in the SEM is difficult due to charging effects. For EBSD work, charging 
effects include pattern degradation and beam drifting. The application of a thin, amorphous, conductive 
coating can eliminate charging effects. For such work, carbon is used as the primary coating material. While 
it is possible to use other materials (e.g. gold, gold-palladium or tungsten), carbon is best due to its low 
atomic number. Materials can be either sputtered or evaporated onto a specimen. As the coating thickness 
increases, the signal-to-noise ratio of the patterns decreases. A carbon coating of between 2 nm and 20 nm 
is recommended. This thickness provides adequate conductivity while still keeping the signal-to-noise ratio 
high. If this ratio drops to the point that the patterns are difficult to index, it is often useful to increase 
the accelerating voltage on the SEM, which increases beam penetration through the coating. If high atomic 
number materials (e.g. gold, gold-palladium or tungsten) are used for coating, the coating needs to be kept 
extremely thin (around 1 nm in thickness). Coating non-conductive specimens is often not necessary if a 
controlled-pressure SEM is used. Reducing the size of non-conducting specimens (e.g. to as small as 2 mm × 
2 mm) can also help to reduce charging effects.
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Annex C 
(informative) 

 
Brief introduction to crystallography and EBSP indexing, and other 

information useful for EBSD

C.1	 General

This annex gives a very brief introduction to the concepts of crystallography as well as useful information 
for EBSD analysis. Since most users are likely to start with simple cubic phases, a section on how to index 
a cubic EBSP is also provided. This is useful for checking automatic EBSP analysis. It is recommended that 
standard introductory textbooks on crystallography also be consulted, e.g. References [9], [10] and [11].

C.2	 Symmetry

An object has symmetry if it looks the same when rotated with a certain angle, translated or mirrored in a 
certain way. For example, a cube looks identical if it is rotated by 120° about its main diagonal. This 3-fold 
rotation axis is usually referred to as a “triad” axis. Figure C.1 shows a cube and an aluminium spherical 
Kikuchi map with their major symmetry elements labelled. EBSPs usually show a lot of symmetry, but the 
symmetry can be difficult to see if the EBSP is shown as a flat image. A spherical Kikuchi map is generally 
clearer.

a) b) c)

Key
tetrad

triad

diad
mirror

Figure C.1 — Schematic diagram showing: a) the symmetries of a cube and b) the symmetries of fcc 
EBSPs, c) also shown as a spherical Kikuchi map. 

A 2-fold rotation axis is usually called a diad, a 3-fold a triad, a 4-fold a tetrad and a 6-fold a hexad. A mirror 
means that everything on the left of the mirror must be mirrored on the right.

An example comprising a cube with EBSPs stuck on its faces and a spherical Kikuchi map for bcc iron is 
shown in Figure C.2. The spherical Kikuchi map will look the same if spun about one of the symbols, e.g. the 
triangular triad, or mirrored about one of the mirror planes. The cube with the EBSPs on it has the same 
symmetry.
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a) b) c)

Figure C.2 — a) six fcc EBSPs stuck on the surface of a cube to show the symmetry of experimental 
EBSPs; b) and c) the cube has been “inflated” to produce a spherical Kikuchi map and the 

symmetries are shown — mirrors as raised lines, diads as ellipses, triads as triangles and tetrads as 
squares.

C.3	 The unit cell

A crystal consists of a group of atoms, called the basis, that are positioned relative to the crystal's unit cell 
and are repeated (almost) infinitely. The unit cell is described in terms of six parameters — three lengths, a, 
b, c, and three angles, α, β, γ (see Figure C.3). Lengths are usually given in nanometres or ångströms, angles 
in degrees. The coordinates of the atoms are given as fractions of the unit cell a-, b- and c-axes, with (0,0,0) 
being the origin, (½,½,½) the centre of the unit cell and (1,0,0) the a-axis.

a) Cell parameters b) Atom positions c) Crystal directions

Figure C.3 — Schematic diagrams showing: a) the unit cell parameters, b) the fractional coordinates 
used to indicate the position of an atom within the unit cell and c) the crystal directions or zones

C.4	 Crystal directions

A crystal direction is usually written [u v w] and represents a vector direction from the origin of the crystal 
in multiples of the crystal axes a, b, c.

A family of symmetrically equivalent directions is written <u v w>. For example, in a cubic crystal, <1 1 1> is 
shorthand for [1 1 1], [−1 1 1], [1 -1 1], [1 1 -1], [1 −1 −1], [−1 1 −1], [−1 −1 1], [−1 −1 −1].

NOTE	 Negative indices are often written with a bar above the number, e.g. [1−1 1] is the same as [−1 1 −1].
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C.5	 Crystal planes

A crystal plane is usually written (h k l) and intersects the a-, b- and c-axes at 1/h, 1/k and 1/l, where h, k, 
and l are integers and are usually referred to as indices.

Examples of (0 0 1), (1 1 1) and (1 2 2) planes, together with repeated planes, are shown in Figure C.4. Usually, 
the higher the indices, the closer the planes are together.

Figure C.4 — Schematic diagram showing examples of crystal planes

In EBSD, it is usually difficult to tell (h k l) and (−h −k −l) apart as they correspond to both edges of a Kikuchi 
band, so the convention is that (h k l) usually refers to both the (h k l) and the (−h −k −l) planes. A family of 
symmetry-related planes is written {h k l}. For example, the cubic {2 0 0} planes include (2 0 0), (0 2 0) and (0 
0 2) and will also imply (−2 0 0), (0 −2 0) and (0 0 −2).

C.6	 Crystal systems

Each crystal belongs to a crystal system which describes its basic symmetry. The usual crystal systems are 
given in Table C.1.
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Table C.1 — Usual crystal systems

Crystal system Unit cell parameters Examples
Cubic a=b=c, α=β=γ=90° Iron, nickel, rock salt
Hexagonal a=b≠c, α=β=90°, γ=120° Titanium, apatite
Trigonal
(rhombohedral a)

a=b≠c, α=β=90°, γ=120°
(a=b=c, α=β=γ≠90°and <120°) Quartz, calcite, haematite

Tetragonal a=b≠c, α=β=γ=90° Tin, zircon
Orthorhombic a≠b≠c, α=β=γ=90° YBa2Cu3O7, sulfur, PbSO4
Monoclinic b a=c ≠b, α=γ=90°≠β>90° Clinopyroxene
Triclinic (anorthic) a≠b≠c, α≠β≠γ≠90° Kyanite, copper sulfate
NOTE Some modern textbooks merge trigonal and rhombohedral with hexagonal.
a	 Some trigonal crystals can also be represented using a rhombohedral unit cell, which is basically a 
cube that has been squashed or stretched along a diagonal. Three rhombohedral unit cells will fit into 
the hexagonal unit cell, as shown in Figure C.5. There are also two possible unit cells for rhombohedral, 
the “obverse” and the “reverse”, which are mirror images of each other.
b	 By convention, monoclinic crystals have the b-axis unique, and this axis is shown vertically. This 
is not always the case, and older crystal data can have the a- or c-axis unique; this is referred to as an 
alternative setting. The orthorhombic crystal system also has a wide range of alternative settings in 
which the order of the a-, b- and c-axes are effectively permutated.

C.7	 Laue groups

The Laue groups (see Table C.2) describe the essential symmetry of the EBSPs, i.e. the diffraction symmetry 
after Friedel's law has been applied. Friedel's law means that we cannot easily tell (h k l) and (h k l) apart 
because the lattice looks very similar to an electron travelling backwards or forwards.

Table C.2 — Laue groups

Laue group Examples
High cubic Aluminium, nickel, galena
Low cubic Pyrite (FeS2)
High hexagonal Titanium
Low hexagonal Apatite
High trigonal Quartz, calcite
Low trigonal Dolomite
High tetragonal Chalcopyrite
Low tetragonal Wulfenite
Orthorhombic YBa2Cu3O7, magnesium sulfate
Monoclinic Zirconia
Triclinic Copper sulfate, anorthite, albite
NOTE For some geological phases, the “low” groups are quite 
important and can have unexpected symmetries, for example pyrite 
(FeS2), which is low cubic, has no 4-fold axes.

C.8	 Bravais lattices

The Bravais lattice description allows the basis (the group of atoms to be duplicated) to be copied and placed 
at special sites in the unit cell. This is known as centring. The special sites are shown in Figure C.5 as black 
spheres. In some cases, they will correspond to single atoms, but, in general, this is not necessary.

An undecorated unit cell has the symbol P (primitive), while one with a special site at the centre of the unit 
cell has the symbol I (internal). The centres of the faces can also have sites. If all the faces are centred, then it 
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is referred to as F (face); if only one pair of faces is centred, then it will usually be the C face, although A and 
B centring can also occur.

Cubic P Cubic I Cubic F

Hexagonal P Trigonal R Tetragonal P Tetragonal I

Orthorhombic P Orthorhombic C Orthorhombic I Orthorhombic F

Monoclinic P Monoclinic C Triclinic P

NOTE	 For the trigonal (rhombohedral) cell, the alternative hexagonal triple unit cell is also shown (see second 
row). For monoclinic, the unique b-axis option is indicated by the angle β.

Figure C.5 — Schematic diagram showing the Bravais lattices

(The crystal system and centring are indicated)

C.9	 Manual indexing of a cubic EBSP

It is relatively easy to index a cubic EBSP manually and it is a useful skill when checking automatic indexing 
of EBSPs. Most EBSD systems have a means to simulate an EBSP at a chosen orientation. It is easier to learn 
from a spherical Kikuchi map, as an EBSP can be viewed from any orientation with minimum projection 
distortion (most EBSPs are gnomonic projections).
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The first thing to look for is symmetry — try to identify mirrors, 2-fold axes (diads) or, even better, a 3-fold 
(triad) or 4-fold (tetrad) axis. Once these are identified, use the map to locate other symmetry elements. 
However, the gnomonic projection of the EBSP can sometimes make the symmetry difficult to see, especially 
when zones are near the edges of the EBSP.

The small parts of EBSPs shown in Figure C.6 illustrate mirrors, diads, triads and tetrads for face- and body-
centred cubics. Further explanation is given in Table C.3.

a) Iron bcc 
mirror

b) Iron bcc 
3-fold (triad)

c) Iron bcc 
4-fold (tetrad)

d) Iron bcc 
2-fold (diad)

e) Iron fcc 
mirror

f) Iron fcc 
3-fold (triad)

g) Iron fcc 
4-fold (tetrad)

h) Iron fcc 
2-fold (diad)

Figure C.6 — Examples of parts of iron bcc (top row) and fcc (bottom row) EBSPs, showing mirrors, 
triads (3-fold rotations), tetrads (4-fold) and diads (2-fold), as indicated

Table C.3 — Symmetry for fcc and bcc

Zone Symmetry for fcc and bcc Comments
<001> 4-fold with four mirror planes running through Can sometimes be mistaken for <1 1 0> in fcc.

<111> 3-fold with three mirror planes running 
through

For bcc, it looks like a 6-pointed snowflake; for fcc, 
there is a triangle around it.

<110> 2-fold with two mirrors running through  

<112> On a mirror running from <0 0 1> to <1 1 1> Roughly half-way between a 4-fold <0 0 1> and a 3-fold 
<1 1 1>. For fcc, it looks like the centre of a bow tie.

<114> On a mirror running from <0 0 1> to <1 1 1> Very close to <0 0 1> and, for fcc, it can easily be mistak-
en for <1 1 1> with a triangle around it.

C.10	Examples of indexed cubic EBSPs

Figure  C.7 gives examples of EBSPs in which the symmetries have been highlighted and the main zones 
marked. They can be used as self-test exercises by covering up the centre and right-hand images and locating 
the mirrors, diads, triads and tetrads and then identifying the main zones.

NOTE	 It is not critical that the reader be able recognize the indices shown (for example [0 0 1] is equivalent to [1 0 
0]).
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Example 1

Example 2

Example 3

Figure C.7 — Nickel fcc EBSP (left) and the main symmetries (centre) and indexed zones (right)
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Example 1

Example 2

Figure C.8 — Iron bcc EBSP (left) and the main symmetries (centre) and indexed zones (right)

C.11	Hexagonal indices

When working with hexagonal and trigonal phases, four-digit indices are frequently used for planes (h k i l) 
and for crystal directions [u v t w] as they show equivalent planes and directions more readily. The fourth 
digit comes from having three symmetrically arranged axes, as shown in Figure C.9.
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a) Three-digit indices: (h k l) and [u v w]

b) Four-digit indices: (h k i l) and [u v t w]

Figure C.9 — Schematic diagram showing hexagonal indices for crystal planes (left in each case) and 
directions (right in each case)

Planes are easy to convert from three-digit indices to four-digit indices. The third digit is simply minus the 
sum of the first two:

(h k i l)=(h3,k3,-(h3+k3),l3)

where (h3 k3 l3) is the three-digit plane.

Frequently, the third digit will be shown as a dot, e.g. (1 2 . 4) or (0 1 . 2).

To convert from four-digit planes to three, drop the third index, i, as shown in Table C.4:

Table C.4 — The transformation of usual crystal plane indices

(h k l) (h k i l)   (h k l) (h k i l)   (h k l) (h k i l)
(100) (1 0 -1 0)   (210) (2 1 -3 0)   (101) (1 0 -1 1)
(110) (1 1 -2 0)   (211) (2 1 -3 1)   (111) (1 1 -2 1)
(001) (0 0 0 1)   (010) (0 1 -1 0)   (120) (1 2 -3 0)
(011) (0 1 -1 1)   (-110) (-1 1 0 0)   (112) (1 1 -2 2)

The following formulae, sometimes known as Miller and Miller-Bravais formulae, respectively, convert to 
and from three-digit crystal direction indices, [u3 v3 w3], and four-digit crystal direction indices,:

u u v v v u t u v w w4 3 3 4 3 3 3 3 4 3

1

3
2

1

3
2

1

3
= −( ) = −( ) = − +( ) =





, , ,

u u t v v t w w3 4 3 4 3 4= − = − =[ ], ,

32

﻿
© ISO 2024 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 24

17
3:2

02
4

https://standardsiso.com/api/?name=1375d189c1c4461d4575e3d5a833bc95

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Equipment for EBSD 
	5 Operating conditions 
	5.1 Specimen preparation 
	5.2 Specimen alignment 
	5.3 Common steps in collecting an EBSP 
	5.3.1 Setting the microscope operating conditions 
	5.3.2 Detector and working distances 
	5.3.3 Camera integration/exposure time 
	5.3.4 Binning 
	5.3.5 EBSP averaging 
	5.3.6 EBSP background correction/EBSP signal correction 
	5.3.7 Band detection 


	6 Calibrations required for indexing of EBSPs 
	7 Analytical procedure 
	7.1 Operating conditions 
	7.2 Equipment stability check 
	7.3 EBSD analysis 

	8 Measurement uncertainty 
	8.1 General 
	8.2 Uncertainty of crystal orientation measurement 
	8.3 Absolute orientation 
	8.4 Relative orientation 

	9 Reporting the results 
	Annex A (informative)  Principle of EBSD 
	Annex B (informative)  Specimen preparation for EBSD 
	Annex C (informative)  Brief introduction to crystallography and EBSP indexing, and other information useful for EBSD 
	Bibliography 

