INTERNATIONAL ISO
STANDARD 19214

First edition
2017-04

Microbeam analysis — Analytical
electron microscopy —Method jof
determination for apparent growth
direction of wirelike crystals by
transmission electron microscopy

Analyse par microfaiscedix — Microscopie électronique dnalytique
— Méthode de détermination de la direction apparente dg croissance
des cristaux filifoxiies par microscopie électronique en trgnsmission

Reference number
1SO 19214:2017(E)

©1S0 2017


https://standardsiso.com/api/?name=bd7916815af7effc34212bbb1ecb347b

IS0 19214:2017(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2017, Published in Switzerland

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

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=bd7916815af7effc34212bbb1ecb347b

IS0 19214:2017(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Specimens
5 ANALYSIS PIOCEAUI. ... e
51 Setting the TEM operating cONdition ... e e
5.1.1  Preparation of the TEM
5.1.2  Accelerating VOItage. ... B
5.1.3  Setting the SPeCIMEeN ... N M e
5.1.4  Calibration of the rotation angle......
5.2 Data acquiSition ...
5.2.1  Select the target crystal........cccccvueee
5.2.2  Obtaining diffraction patterns.....
5.2.3  Determining interplanar spacing
5.2.4  Index diffraction PAtterns ... e
5.2.5  Non-uniqueness of the indexing reSult.. ...
5.3 Determination of the crystalline direction .&s.0:..
5.3.1  General approach .........s@pocccsn
5.3.2  Simplified procedure for specialsituations...
5.3.3  Convert the crystallographicindex.................
5.3.4  Result of the multipliCity faCtOT ...
6 Uncertainty eStimation ... MO | 9
7 TESTTEPOTT ...t e 10
Annex A (informative) Relationships-of Miller notation and Miller-Bravais notation for
hexagomnal CrySals. ... e | e 11
Annegx B (informative) Matrix G’and G-1 for the crystal SyStems ... oo 12
Annex C (informative) Example of @ teSt rePoOrt..........coeeeeeeeeeseeeee s 14
BIDIHOZTAPIY . ... s et e 15

© 1S0 2017 - All rights reserved iii


https://standardsiso.com/api/?name=bd7916815af7effc34212bbb1ecb347b

ISO 19214

:2017(E)

Foreword

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

Wirelike crystals (including beltlike crystals) are a main component in some advanced materials,
especially nanomaterials, and also appear in traditional materials, such as needle-shaped precipitates
in steels and alloys. Controlling the microstructure of these materials during fabrication is very
important for quality control considerations. To control the microstructure and thereby improve the
service properties of the relevant materials, the apparent growth direction or the longest axis of the
wires is one of the essential parameters. This direction is generally determined for wirelike crystals
whose diameter or thickness and width is ranged from tens to hundreds of nanometres by transmission
electron microscopy (TEM).
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Microbeam analysis — Analytical electron microscopy —
Method of determination for apparent growth direction of
wirelike crystals by transmission electron microscopy

1

This
elect]
meth

Scope

with|a rod-like or polygonal shape in steels, alloys or other materials. The applicable
width of the crystals to be tested is in the range of tens to hundreds of nanomeétres, depe
accelerating voltage of the TEM and the material itself.

NOTH In the present document, wirelike crystals, beltlike crystals, needle=shaped second-ph
etc. afe all subsumed by the broad category of wirelike crystals.

2
The

Normative references

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

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

ISO 24173, Microbeam analysis — Guidelines fofZorientation measurement using electron
diffraction
ISO [25498:2010, Microbeam analysis =<-Analytical electron microscopy — Selected-a

diffrqction analysis using a transmissipirelectron microscope

3

Terms and definitions

For the purposes of this decument, the terms and definitions given in ISO 24173 and the foll

ISO gnd IEC maintaintérminological databases for use in standardization at the following ¢

3.1

IEC Electropédid: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.or

document prescribes a method for the determination of apparent growth direction byitransmission
ron microscopy. It is applicable to all kinds of wirelike crystalline materials fabricated by various
ods. This document can also guide in ascertaining an axis direction of the second-phgse particles

ilameter or
ding on the

hse particles,

heir content
applies. For
hts) applies.

backscatter

rea electron

bwing apply.

ddresses:

wirelike crystal
crystal resembling a thread with a diameter or width measuring in nanometres

3.2

apparent growth direction
crystalline direction which is parallel to the longest dimension of a single crystal

Note 1 to entry: Apparent growth direction does not involve mechanisms of the phase interface migration.

3.3

Miller notation
indexing system for diffraction patterns, which describes a crystal lattice by three axes coordinate

© IS0 2017 - All rights reserved
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Miller-Bravais notation
indexing system for diffraction patterns of hexagonal crystal, which describes the lattice by four axes

coordinate

4 Specimens

4.1 The sample crystals shall be clean, without contamination or oxidation. They are stable under

electron bea

m irradiation during TEM analysis.

4.2 Powdg¢r or extracted powder specimens of the crystals may be analyzed. The sample powder|shall
be well dispersed by a suitable technique so that individual crystals can be observed under the"TEM.
NOTE One of the techniques in common use is ultrasonic dispersion. In this method, the sample pqwder
is immersed]:in ethanol or pure water and dispersed by ultrasonication for about 0,5 h to( h; then drqpped
onto the supporting film surface of a microgrid. Afterward, the microgrids are dried at room temperaturg. The
wirelike crysftals are usually parallel to the supporting film plane. Other techniques to prepare individual cystal
specimens can also be adopted, depending upon the physical characteristics of the samplel2].

4.3 The precipitates or second-phase particles in steels, alloys and the ‘like may be extracted,|then
treated as ppwder specimens; see 4.2.

4.4 Thin-foil specimens of various solid substances prepared by'suitable methods are applicable. The
specimen shall be thin enough to transmit the electron beaml[3],

5 Analysis procedure

5.1 Setting the TEM operating condition

5.1.1 Preparation of the TEM

The TEM wqrking condition shall comply 'with ISO 25498:2010, 8.1.

5.1.2 Accelerating voltage

The applicable accelerating ¥oltage of the TEM for the analysis mainly depends upon the thickngss of
the specimen to be studjed. Stability of the crystals under electron beam irradiation is also impoftant
for the accelerating voltage setting. As long as the structure and/or morphology of the specimen are not
altered during the analysis, clear images and sharp diffraction patterns can be obtained on the [TEM.
The corresplonding-accelerating voltage or higher may be suitable for the work.

5.1.3 Settingthe specimen

Place the specimen to be tested firmly in the double-tilting or tilting-rotation specimen holder, then
insert the holder into the specimen chamber. It is recommended to use the cold finger of TEM before
conditioning.

5.1.4 Calibration of the rotation angle

As specified in ISO 25498:2010, 8.1.6, to be able to successfully correlate the axis of interest in an
image with the corresponding diffraction pattern, the rotation angle between the micrograph and its
corresponding diffraction pattern may need to be calibrated. A molybdenum trioxide crystal specimen

© ISO 2017 - All rights reserved
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may be used as a reference for the rotation angle calibration. The analyst may refer to textbooks such
as References [4] and [5] for the experimental procedure for this calibration.

NOTE

For some transmission electron microscopes, the rotation angle has been compen

manufacturer. In this case, step 5.1.4 can be ignored.

5.2

Data acquisition

5.2.1 Select the target crystal

sated by the

On the viewing screen, TV monitor, or computer screen of the TEM, get an overview image of the

spec
or di

men in low magnification mode. Select an individual crystal which is clean and free\f
stortion as the target. Under bright-field imaging mode, adjust the magnification. t

magnified image of the target crystal. Adjust the specimen height (Z axis) to the(eéucent|

Focu|

5.2.2

5.2.2

Variq
dired

5 the image.
Obtaining diffraction patterns

.1 General

us electron diffraction techniques may be applicable forr determination of the
tion. The selected area electron diffraction (SAED) and shi¢robeam diffraction techn

cominon use; however, for the present purpose, the spot diffraction patterns or the pattern

thei

5.2.2
The |
a)

q

q

b

ncident beam through a small angle aperture are preferred.

.2 Procedure

brocedure for taking diffraction patterns and’images of the target crystal is as follows

$elect a suitable position of the target crystal in the specimen and select a diffraction 1

icrodiffraction, or other suitable mode). Switch to the diffraction mode to get a spo
ttern. Tilt the specimen slightly so that the brightness distribution on the diffractiqg
ymmetrical and a zero-order-Laue zone pattern is displayed. Therefore, the zone a

b)

index [uiviwyi]), of this diffraction pattern is nearly reverse parallel to the incident bea

. Record this diffraction-pattern, Z1, and take note of the reading on the X and Y tilting
ouble tilting specimen Stage as X1 and Yq, respectively.

efer to the instruction manual provided by the microscope manufacturer for th
rocedure for eacl/diffraction mode.

witch backsto the imaging mode without changing the specimen orientation to get 4
right fiéld/image, M1, of the target crystal. Check the focus of this image and take a p

it in thexcomputer system. This image, M1, is formed under the incident beam direction

pproximately reversely parallel to the zone axis, Z1.

‘'om damage
get a clear
ric position.

crystal axis
iques are in
s formed by

node (SAED,
t diffraction
n pattern is
kis, Z1 (with
m direction,
angle of the

e operation

correlative
hoto or save
B1, which is

Return to the diffraction mode and tilt the specimen to produce a second diffraction pattern with

zone axis Zy. Record this diffraction pattern, Z, and take note of the reading on the X and Y tilt
angle of the specimen holder as X3 and Yy, respectively.

d)

Repeat step b) to form the second bright field image, M, of the target crystal. This image, M», is

formed under the incident beam direction, By, which is nearly reversely parallel to the zone axis,
Z», of the specimen.

The angle, ), between the two specimen holder positions (that is, the angle ¥* between the zone

axis, Z1, with index [uiviwi] and Zp, with index [upvpowy]) can be obtained from the differences
between the readings on the X and Y tilting angles at each position (see ISO 25498:2010, 8.2).
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5.2.3 Determining interplanar spacing

To determine the interplanar spacing, dpxi, of the plane (hkl) in crystals, the simplified Bragg law, as
shown in Formula (1), shall be followed.

Rnki * dhk1 = LA (1
where
L is the camera length;
A is the wavelength of the incident electron beam;
LA ils the camera constant;
Rnk1 is the distance between the central spot and the diffracted spot of crystalline plane (hkl) in
the diffraction pattern.
When the camera constant LA is known, the interplanar spacing dnk] can besfound, in principle, yising
Formula_(l )|by measuring the distance Rpk]. However, in practice, 2Ry (the-distance between the §pots
hkl and hkl ) shall be measured, then divided by two to calculate the distance Ryx].
In most casgs, the camera constant, LA, shall be calibrated for the present work. The practical procgdure
for camera gonstant calibration is specified in ISO 25498:2010, 8.3;
Camera conjstant, LA, calibration is usually performed Jyusing a reference specimen sudh as
polycrystalline pure gold or pure aluminium. At a given acgelérating voltage, record the ring diffragtion
pattern of the reference specimen. Index the diffractionrings and measure the diameters 2Ry af the
corresponding ring (hkl), respectively. Find the interplanar spacing dpx) for plane (hkl) of the refefence
specimen by the crystallographic formulae. The diffraction constant, LA, can then be calculated yising
Formula (1){In practice, either the LA ~ D/2 ploteran average value of the camera constant may be ised.

When cryst
the diffracti
value of LA

524 Ind

For specim

diffraction patterns can¢bevobserved. Kikuchi patterns seldom appear owing to their small thick]

Therefore, d

The practicd
convenience

on constant, LA, may be calculated from its diffraction pattern directly. The approxi
an be found on a console feadout display of a modern TEM.

px diffraction patterns
bns comprised~0f/crystals in the nanometer size regime, most of the time, only

nly the procedure for indexing spot diffraction patterns is specified in this document.

| procedure for indexing diffraction patterns may refer to 1ISO 25498:2010, Clause 9. Fd
of‘applying this document, the indexing process is briefly summarized as follows|41[5]

hlline structure and the confident lattice parameters of the specimen are already knjown,

mate

spot
ness.

r the
6][Z];

a)

b)

Select two diffracted spots, h1kil1 and hzK;Ip, from the diffraction pattern such that these spots
are nearest and next-nearest to the central spot, 000, respectively. Measure the length of correlative

vectors, g, | and g, , , , which are defined as the distances from the origin, 000, to the
15111 25202

diffraction spot hikql; and the spot hzkplp, respectively. Then calculate the corresponding
interplanar spacing, dnk], and assign tentative index (hkl) values for each spot.

Measure the included angle between the vectors g, | , and g, | , ,aswellas the angle between
1511 25212
and , respectively, where is defined as the
Bh,k,l, Bhy—hy ky—kyly -l P Y 8hy—hy ky—kyly -l

reciprocal vector of the diffraction spot with index hy - hq, kp - kq, I = 11. Adjust the indices for
each spot such that the angle is coincident with the calculated angle by the crystallographic
formulation. If the experimental value is consistent with the known value within error, the
diffraction spots can be indexed.
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Calculate the zone axis, Z, of the diffraction pattern [u:v:w] by the zone multiplication law; see

Formula (2):

u:v:w=(k,l, .k

~k,1,):(1;h, —1,h;): (h k, —h,k,) 2)

[f the indices u, vand w contain a common integral factor n, divide them all by the common factor n.

Assign consistent indices to the remaining spots on the diffraction pattern by using the vector
addition rule.

When suitable software is installed with the TEM, measurement of and calculations on the
diffraction patterns can be carried out by the computer system.

Non-uniqueness of the indexing result

diffraction pattern containing only two-dimensional information (i.e. a planar sectipn of single-
al diffraction patterns), the indexing of this pattern is not unique. Causes for non-uniqueness of
hdexing may be considered from two factors.

.1.1 Define the projection direction

ly, the indexing non-uniqueness may result from a multiplicity, of crystals with hig}

hction pattern may have a different indey, i.e. variants of theZone axis, but on the ster
of these variants are located at different positions.

ndly, the 180° rotational symmetry of the indices«(bkl), of a plane allow the inde;

n two or more diffraction patterns, Z1 and Zj, successively by tilting the specimen. T
een the zone axes, Z1 and Z3 of the two patterns shall be coincident with the angle betw
men holder positions. Also, the indices forall of the patterns shall be consistent with e

Determination of the crystalline direction

General approach

$pecify the projectiendirection, A, of the crystal to be determined on its micrograp
¢xample, microgfaph M1 and diffraction pattern Z; of a rod-like particle is given in Fig
b), respectiveljn The particle is phosphide M2P with hexagonal structurel8l[2]. Align th

| symmetry.

rent variants of a diffracting plane may be equally indexed) Accordingly the zone axis of a

eogram, the

k to also be

[ibed as hkl, similarly, indices [uvw] of a directipfi“can also be uvw. Therefore, it is pecessary to

he angle, %
reen the two
hch other.

h, M1. As an
ure 1 a) and
b diffraction

V1. This line,
b diffraction
rentral spot,

d plar
. The projection direction A1 of

angle, ¢1, between the line N1 and vector ghlk111

Mleasure the
the rod-like

particle and its normal, N1, are delineated on the diffraction pattern. The spot indexed as 201 is the
closest one to the line N1, The angle ¢1 between the line N1 and g1 is nearly zero in this case.

NOTE 1
a=0,609 nmand c = 0,351 nm, in steels.

In Figure 1, the specimen is a phosphide (M2P) precipitate of hexagonal structure with c/a= 0,576,

b) Carry out a similar operation as step a) on the second diffraction pattern, Z;, and the image M,
Define the second projection direction, Ay, of the crystal on the diffraction pattern Z;. Measure the
angle, @2, between the normal Ny of projection direction Az and the closest direction of vector

gh2k212 , namely the normal of plane (hzk;l2) on the diffraction pattern Z;.

© IS0 2017 - All rights reserved
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c) A similar operation as described in step a) may be performed on more diffraction patterns and
their corresponding images. Each pair of diffraction pattern and the corresponding image shall be
taken under the same incident beam direction B and the same TEM working condition.

NOTE 2  For hexagonal crystals, the Miller-Bravais notation can also be used to index the diffraction patterns.

The relations

between the Miller and Miller-Bravais notation are given in Annex A.

20nm [U 10 |

a) Micrograph of a rod-like phosphide M2P precipi- b) Diffraction pattern [010](or [1210 1) of t

tated in a low-carbon steel precipitate (hexagonalstructure with c¢/a = 0,!
NOTE Sdge Reference [8].

5.3.1.2 Dgq

a) Getastj
can als

Figure 1 — Micrograph and diffraction pattern ef a rod-like particle

rtermining stereography

indard stereogram corresponding to theerystal structure of the specimen. This stereo

poles for the zone axes Z1, Z7, and others.(thére may be more, depending upon the specimen]

Figure 2

b) Draw th
the plan
C1 by th|
the pro

c) Onthe §
this gre
The pol
angle, ¢
and im4
N3 on th

).

e great circle, Cq, corresporiding to the zone axis Z1. On this great circle, C1, mark the p
e (h1k1ly). Then mark the'pole of the normal Ny of projection direction A1 on the great ¢
e angle, ¢1, between themormal N1 and the normal of plane (h1kil), which is obtained
fedure in 5.3.1.1.

ame standardsstereogram, draw the great circle, Cy, corresponding to the zone axis Z
nt circle, Cp, fark the pole of plane (hzkzlz), which is the normal direction of plane (h;
e of the nekmal Ny of projection direction A is also marked on the great circle C2 b
2, between the normal N and the normal of plane (hzkzl2). When more diffraction pat
ges.are-acquired, repeat this operation to mark the correlative poles of the normal su
e'stereogram.

ne
576)

bram

b be obtained through crystallography software. On the standard stereogram, find the

(see

ble of
ircle
from

b. On
k212).
y the
ferns
ch as

d) Draw a great circle, Cy, through the poles N1, Np (and/or more poles of normal N;, of the projection
directions obtained from other diffraction patterns and images). The pole of this great circle, Cy, is
then the apparent growth direction, A, with index (HKL), which is in terms of the plane normal. So
far, all of the normal vectors are indexed in terms of the plane normal and have not been indexed as
directions.

e) Convert the index of the plane normal (HKL) to the crystalline direction index [uvw] by using the

crystall

ographic relation; see Formula (4).
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b) [0001] in Miller-Bravais notation

NOTE The zone axes and the poles of correlative planes are shown.

Figure 2 — Phosphide M;P, which is hexagonal structure
with c¢/a=0,576,a = 0,609 nm, c = 0,351 nm

5.3.1.3 Repetition

Select another target crystal and repeat the procedure described in 5.2 and 5.3.

© IS0 2017 - All rights reserved 7
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This cycle may be repeated several times depending on the required statistics of the analysis.

5.3.2 Sim

plified procedure for special situations

5.3.2.1 General

When wirelike crystals are prepared as powder or extracted specimens, these nanometer crystals
are mostly laid on the surface of the supporting film. Their apparent growth direction or the longest
axis is usually parallel to the film surface. If the normal of the growth direction, A, approximates the
simple indices, the procedure for determination of the direction may be simplified to omit the use of

stereograp

AVA
J

5.3.2.2 Si
The procedt

a) Follow

mplified Procedure

ire for the simplified situations is as follows.

b) Superimppose the micrograph of the target crystal with its correspondingdiffraction pattern

negativ
side up

diffract
the vec

e films are used for recording the micrograph and diffraction pattern, keep the em
After compensating for the rotation angle, find the reciprecal vector g, | | i
%11

he steps described in 5.2 to get diffraction patterns with indices and correlated images.

71. If
Ision

the

on pattern, which is parallel to the normal Ny of the projegtion direction Aj. In other wprds,
for g, | | is perpendicular to the previously defined axis direction, A, of the crystal.
%11

Therefore, direction A lies on the plane. When the digital canmera system or imaging plates (IH) are

used fol
by a cor]

c¢) Repeat
obtain

previou

d) Directid
of the p
multipli

H:K:L

If the in

e) The ind
convert

recording the micrographs and diffraction pattérns, the above procedure may be ful
hputer system with suitable software.

n A is parallel to the intersection of the plane (h1k{l1) and (hzkzlz) because it lies on

lanes. The index [HKL] ofthe apparent growth direction A can be obtained by the
cation law; see Formala-(3):
= (k,1, —k,l, )&t h, =1,h, ) : (h;k, —h k)

Filled

step b) on the second diffraction pattern; Z;, and the corresponding image, in order to
the second reciprocal vector, ghzkzlz' Similarly, this vector is perpendicular tq the

sly defined axis direction, A, of'the crystal, and the direction A also lies on the plane
(h2kol2).

both
zone

(3)

dices H, K-and L contain a common integral factor n, divide them by the common factof n.

ex [HKL| of the direction A is in terms of the plane normal. This index [HKL] shqll be
pd-to.the crystalline direction index [uvw] by crystallographic relation [see Formula (4)].

5.3.3 Con

vert the crystallographic index

Convert the index [HKL] of the apparent growth direction A from the reciprocal space into direction
index [uvw] of the real space by crystallographic formulae according to its crystallographic system (see
Annex B). This conversion is not required only for cubic system crystals; the direction index [uvw] is
equal to index [HKL].
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The normal of a plane (hkl) may be converted into the crystalline direction [uvw] through a calculation

using Formula (4):

u H
v |=G 1| K 4
w L

Conversely, a crystalline direction index [uvw] can also be converted into the normal of plane (hkl) in
reciprocal space by Formula (5):

h) [u)

N

Whefe matrices G and G-1 for the seven crystal systems are given in Annex BIZ].

For qubic system crystals, the index (hkl) of a reciprocal lattice vector gnk possesses the sgme value as
its cqrresponding crystalline direction [uvw]; thatis, h = u, k = v, [ = w. For non-cubic systemn crystals, it
is nefessary to convert the index (hkl) into the indices [uvw] of the crystalline direction orfzone axis.

5.3.4 Result of the multiplicity factor

Owing to the multiplicity factor, the poles of the growth direction determined from several crystals
may [coincide with two or more points on the same stereogram. These may be considerefl as growth
direqtions that are the equivalent direction of a family {HKL}; the indexes of the direction are <uvw>.

6 Uncertainty estimation

Uncertainty of crystalline direction determination is affected by several factors. In this ddcument, the
entirle uncertainty shall be treated by the following factors:

— ¢y uncertainty of the angle, betweeh-the two specimen holder positions, measurement;
— @R uncertainty of compensatioh.of the rotation angle between image and diffraction pattern;
— &g uncertainty of the intetplanar spacing determination;

— ¢ uncertainty of thé angle ¢, between the g vector and the normal projection dirdction of the
¢rystal, measurement on the diffraction pattern;

— &y uncertaintyof the angle measurement by Wulff net on the standard stereogram.
The Qincertaintiés o and o, shall be calculated from the results by n replicate measurements.

The stapdard deviation o, of the determined direction for n independent measurement|is given by

Formula.(6):

2 2

o o
o=,—| +| X% | +0? +G§+O'}2? 6)

N I e

The zone axis of the diffraction pattern is approximately reversely parallel to the incident beam
direction B. In a spot diffraction pattern, it is within about 4°[6l. As long as the brightness of the spots
is evenly distributed on the diffraction pattern, the effect of this discrepancy is small for direction
determination.

Error is introduced by operations using the stereographic projection. The angle measurement by Wulff
net is also an error source. It is within 5°[6]. The poles of the apparent growth direction experimentally
determined from several specimens may be distributed around the pole of HKL.
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7 Testreport

An example of a test report is given in Annex C.
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Annex A
(informative)

Relationships of Miller notation and Miller-Bravais notation for

DiffT,
by M
(hKI]
desc
may
by Fd

hexagonal crystals

equivalently

IO S Y TIrereXxco—ererer TIITCT IOt tIroT—oT

iller-Bravais notation. For the Miller notation, three axes coordinate system are usec
for plane, [uvw] for direction. However, in the Miller-Bravais notation, the hexagon
ribed by four axes. The indices for a plane is (hkil) and [UVTW] for a direction. The ty
be converted to each other. The relations between the Miller and Miller-Brawvais notati
rmulae (A.1) and (A.2)[7]:

Fori

e

Fori

hdices of a plane (hkl) and (hkil):

=—(h+k)

hdices of a direction [uvw] and [UVTW]:
1

U= 5(2u - V)
1

V= 5 (ZV - u)

T=—(u+v)==(U+V)

W=w

, 1.e. indices
al system is
Vo notations
pn are given

(A1)

(A.2)

© ISO
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