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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$o be represented on that committee. International organizations, governmental and
non-governmental, in #Maigon with ISO, also take part in the work. ISO collaborates closely with the
International ElectrotechfiigtJ«Commission (IEC) on all matters of electrotechnical standardization.

International Standards aregr’ﬁld in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical co ees is to prepare International Standards. Draft International Standards
adopted by the technical comm s are circulated to the member bodies for voting. Publication as an
International Standard requires app éjy at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility tha

@ﬂe of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible foi

o@/egtifying any or all such patent rights.

ISO 24173 was prepared by Technical Comm&t@ ISO/TC 202, Microbeam analysis.
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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 [11:[2],

Electron backseatigr patterns (EBSPs) are formed when a stationary electron beam strikes the surface of a
steeply inclined imen, which is usually tilted at = 70° from normal to the electron beam. EBSPs are
imaged via an EBﬁ\detector, which comprises a scintillator (such as a phosphor screen or a YAG single
crystal) and a low- 25{ evel camera (normally a charge-coupled device, CCD). Patterns are occasionally

imaged directly on ph phic film.

possible to measure the orientation of the crystal lattice and, in some cases, to
all volume of crystal under the electron beam. EBSD is a surface diffraction
a depth of just a few tens of nanometres, so careful specimen preparation
@n of the technique [31.

By analysing the EBSPs,

identify also the phase of t
effect where the signal arises
is essential for successful appli

In a conventional SEM with a tu?gd%r; filament, a spatial resolution of about 0,25 pm can be achieved;
however, with a field-emission gun (FEG-SEM), the resolution limit is 10 nm to 50 nm, although the
value is strongly dependent on both theMhaterial being examined and on the instrument operating parameters.
Orientation measurements in test specim@can be carried out with an accuracy of = 0,5°.

By scanning the electron beam over a redi the specimen surface whilst simultaneously acquiring and
analysing EBSPs, it is possible to produce mag8)hat show the spatial variation of orientation, phase, EBSP
quality and other related measures. These da #an be used for quantitative microstructural analysis to
measure, for example, the average grain size (and/ some cases the size distribution), the crystallographic
texture (distribution of orientations) or the amou boundaries with special characteristics (e.g. twin
boundaries). EBSD can provide three-dimensional mi tructural characterization by its use in combination
with an accurate serial sectioning technique, such as foc@d-ion beam milling [41.

It is strongly recommended that EBSD users be well acquai with both the principles of crystallography and

the various methods for representing orientations (both of whi re described in the existing literature in this
field) in order to make best use of the EBSD technique and the &roduced (5161,

/
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Microbeam analysis — Guidelines for orientation measurement
using electron backscatter diffraction

IMPORTANT —AThe electronic file of this document contains colours which are considered to be
useful for the ¢t understanding of the document. Users should therefore consider printing this
document using lour printer.

1 Scope %

This International Standar es advice on how to generate reliable and reproducible crystallographic
orientation measurements usi lectron backscatter diffraction (EBSD). It addresses the requirements for

specimen preparation, instrume! nfiguration, instrument calibration and data acquisition.

3

2 Normative references {p

The following referenced documents arQndispensable for the application of this document. For dated
references, only the edition cited applies r undated references, the latest edition of the referenced
document (including any amendments) applies#>

)

ISO/IEC 17025, General requirements for the corr@ence of testing and calibration laboratories

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

Q

3 Terms and definitions O@

. . e
For the purposes of this document, the following terms and deﬂmh@egpply.

31 @
crystal O’

entity consisting of a regular, repeated arrangement of atoms in spaceéd usually described by a space
group, a crystal system, unit cell parameters (including the lengths and an etween the unit cell axes) and
the positions of the atoms inside the unit cell [71.[8] &

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

NOTE 2  Simulations of the atomic arrangement in a small (4 x 4 x 4 unit cells) aluminium crystal, as viewed along the

[100], [111] and [110] 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  For those unfamiliar with crystallography, it is recommended that a standard textbook be consulted (see for
example References [7], [8] and [9]).

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