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The Nomenclature of Inverse Pole Figures Use in LaboTex

The inverse pole figures answer for the question: “What crystallographic planes
are preferentially perpendicular to the some sample direction”. Intensity of inverse pole
figure depend on numbers of crystal planes {hkl} perpendicular to chosen sample
direction <XYZ>. This sample direction is input to LaboTex by user during inverse pole
figure calculation. LaboTex can calculate inverse pole figures for many directions
defined on the basis of sample axes frame. Directions <XYZ> are determined on the
similar rule as crystallographic <UVW>, whereat units for axes X,Y and Z are the same.
The most important are inverse pole figure calculated for directions parallel to
directions of sample coordinate system (XYZ):

Denotation Description
of inverse pole figure

(sample direction)

001 Orientation distribution of a sample ND axis on a stereogram

100 Orientation distribution of a sample RD/LD axis on a stereogram

010 Orientation distribution of a sample TD axis on a stereogram
XYZ Orientation distribution of a XYZ direction on a stereogram

(for example 111 direction )

(ND)

RD or LD

Sample Axes Definition XYZ Direction

Examples:
[001]

[010]

[001] Sample Direction [010] Sample Direction
LaboTex - The Texture Analysis Software
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Complete Inverse Pole Figure - orientation distribution of a sample axis or
XYZ direction on a stereogram plotted with respect to crystallographic
orientation (axis or directions). -

Min=0211
Ma=3330
20030702

Example of the Complete Inverse Pole Figure (orientation distribution of 001 or ND
sample axis. 010 and 100 - crystallographic axis. In center - 001 crystallographic axis)

Partial Inverse Pole Figure (Inverse Pole Figure in Basic Region) -
orientation distribution of a sample axis or XYZ direction on a standard
stereographic triangle (eliminate of redundant information of complete IPF).
The icon IE change IPF visualization from complete to partial.

Sample direction Crystallographic directions (planes)

Levels

Min=0211
Max=2330
2003707402

Example of the Partial Inverse Pole Figure for Cubic System (distribution of 001/ND
sample axis. 001, 101 and 111 - crystallographic direction)

LaboTex - The Texture Analysis Software
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24 Equivalent regions of complete
inverse pole figure
for cubic system

010

1..24 - equivalent regions of complete inverse
pole figure for cubic system

001, 010, 100, 111, 101 - crystallographic axes
and directions
INV - type of pole figure (inverse pole figure)

XYZ - sample direction for which orientation
distribution is plotted

1 - basic region (main area) of complete IPF
(partial IPF, standard stereographic triangle)

LaboTex - The Texture Analysis Software
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Schematic interpretation of the IPF

ND
001
POL-111-Raa

zzzzzzzz

001 101
{111} crystal plane oriented in ND/<001> sample direction (normal direction)

Inverse pole figures in hexagonal system

In Hexagonal System are used two notations:

1) Miller Notation (3 Axis Notation)

<001>
X3

<010> X2 ¢— <010> X2 ¢—

X1

<100>

Plane in Miller Notation: {hkl}
Direction in Miller Notation <uvw>
If the direction <uvw> lies in the plane {hkl}, then:
hu + kv + lw =0 (Weiss Zone Law — true in all crystal systems)
In hexagonal system <uvw> direction in Miller Notation is not perpendicular to
{uvw}plane as in cubic system.
For example: the {100} plane is perpendicular to direction <210> (not <100> as
in cubic system).

LaboTex - The Texture Analysis Software
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2) Miller-Bravais Notation (4 Axis Notation)

<0001>

<izio> X2 4—

X1 <21io>

Plane in Miller-Bravais Notation: {HKTL}

Direction in Miller-Bravais Notation <UVTW>

T=-(H+K) (redundant information)

<UVTW> direction in Miller-Bravais Notation is perpendicular to {UVTW}
plane (similar as in Miller Notation in cubic system).

Sample and crystal systems position for Euler angle (0,0,0) in convention compatible
with general LaboTex axes and angle convention are shown on the figures below:

Normal Direction
———  Sample coordinate system 001

Rolling Direction
(Longitudinal Direction)
<100>

X

Crystal coordinate system

Transversal Direction

<010>

Sample Axis Definition
Euler Angles (0,0,0)

Sample and crystal systems position for Euler angle (0,0,0) in second hexagonal
convention (convention non-compatible with general LaboTex axes and angle
convention) are shown on the figures below:

Normal Direction

— Sample coordinate system 001

Z

Rolling Direction
(Longitudinal Direction)
<210>
X

Crystal coordi

<100>

Transversal Direction
<010>

Y

Sample Axis Definition

Euler Angles (0,0,0)

LaboTex - The Texture Analysis Software
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More information about both systems and about conversion of indices you can find in
manual: “Hexagonal Axes: Convention & Conversion” (www.labotex.com).

The LaboTex displays complete and partial inverse pole figures in hexagonal
system. The partial pole figures are the unit triangles displayed in the range determined
by directions <0001> , <2-1-10> and <11-20> (Miller-Bravais notation) or <001>,
<100> and <110> (Miller notation).

Unit triangle (main area) is chosen from six symmetrically equivalent areas of full
inverse pole figure as it is shown on the figures below for clockwise and counter
clockwise axes systems:

{0-110]

-1-120) [-1-20] 1 [01-10]

fiol ©-10) 210 Lol Lo [1120)
-1-10) - -

110 x3 X {120y (120 X2 N EHEH

[-1010]
[-2-10]
(-100)

[10-10]
[210]
(100)

[1-100] [-1100]
[1-10] [-110]
(1-10) (-110)

[2-1-10]

[-2110] [-2110]
[-100] [2-1-101 17 o X1 L10o]
(-210) X1 (21_(;?,) E-le); (2-10)
10101 [1-100]
[-1100] 1o-1o} [[-2-1011 [1-10]
Bt i &
X2 v [11-20] X3 v [1-210]

[0-10]

[110] . g

[-12-10] [01-10] (110 [1_11_112[%] [0-110] (20
[010] [120] (1-10) [0-10]

(-120) (010) (0-10)

Below you can see examples of complete (full) and partial inverse pole figures for
hexagonal crystal system (example calculated for strong component {-124}<210>,
c/a=1.6 with FWHM 10 degrees):

D6 Hex-a
110]
001
- INV
7\
D6 Hex-a [001] [100]

In some works the unit triangle is presented in smaller region than presented above i.e.
only 30 degrees instead 60 degrees

LaboTex - The Texture Analysis Software
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LaboTex calculates main inverse pole figures (001),(100) and (010) for hexagonal
system during ODF calculation. User can calculate inverse pole figures for other
directions using special dialog which is accessible from menu item or from main
toolbar.

LaboTex shows (XYZ) direction on the partial inverse pole figure of hexagonal system
in the left side of inverse pole figure (it is marked red line):

D6 Hex-a
110]

Levels

34.5
29.9
25.3
20.7
16.1
11.5
6.9
1.0

Min=0.000
Max=36.705
2007/02/08

-\

[001] [100]

Intensity of inverse pole figure depend on numbers of crystal planes {hkl}
perpendicular to chosen sample direction (<XYZ>). On the inverse pole figure the plane
is represented by direction perpendicular for this plane (Warning: please remember
during analysis that in hexagonal system the plane and the direction have the same
indices in Miller-Bravais notation. In three indices notation - Miller notation - plane
and direction perpendicular to this plane have usually different indices). For example:
from definition of {hkl}<uvw>, {hkl} is a crystallographic plane parallel with the plane
of the rolling (or other reference plane XY), <uvw> is a crystallographic direction in
this plane and parallel with the rolling direction. Hence in hexagonal system, if
preferred orientation is {hkl}<uvw> then plane {hkl}should be dominating on the
inverse pole figure which shows distribution of directions parallel to normal direction
(001, ND). As it is shown on the figure below, in the case of orientation {001}<100>
the maximum of the plane {001} should observe (basal plane is marked by yellow
color) .

LaboTex - The Texture Analysis Software
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e Sample coordinate system <001>
Crystal coordinate system <0001>
ftz
AX4
< X
1 <100>
\‘ML“A <2110>
= X3 €4—=---=3-.
<1120> Y
<110>
X2 4 <o10> .
<1210 <0110>

<120>

Orientation {001}<100>

Below, you can see this maximum on the inverse pole figure which were calculated for
model which have 100% volume fraction of {001} <100> component and FWHM equal
10 degrees:

110]

001
INV Levels

143.5
124.4
105.3
86.1
67.0
47.8
28.7
1.0

Min=0.000
Max=152.993
2007/02/08

[001] [100]
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Pole figures (001), (100) and (110) for orientation {001}<100> show position of basal
planes {0001}, first order prism planes {10-10} and second order prism planes {2-1-
10}:

T oo01 100
/ \APF APF

LLLLLL

In case of inverse pole figures for RD and TD directions (XYZ=<100> and

XYZ=<010>) we can observe the different positions of maximum for orientation
{001}<100>. The plane perpendicular to X axis is {2-1-10}:

Sample coordinate system {2110}

Crystal coordinate system r 4 210}
A plane
perpendicular
to X axis
<i2i0> ¢

LaboTex - The Texture Analysis Software
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hence the maximum intensity is observed for direction equal [100] as also on
symmetrically equivalent direction [110]:

[110]

100 §
INV e

22222222

[001] [100]

Below you can see that when you choose Y (i.e. (010) or TD) direction for inverse pole
figure then the planes type {010} (the plane (010) is marked on the red in the figure) is
perpendicular to this direction for orientation {001}<100>.

<001>
— Sample coordinate system <°(£)1 > {01-10}
010
Crystal coordinate system 010}
A plane

perpendicular
to Y axis

‘} X <100>

<2110>

LaboTex - The Texture Analysis Software
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The perpendicular direction <120> will represent this plane on the inverse pole figure.
Because direction <120> doesn’t belong to the unit triangle (main, fundamental area)
the equivalent direction <210> from unit triangle is chosen:

1210 [01-10]
[ [010] ] [120] [11-20]
1200 X2 (010) [10]

(110)

[10-10]
[210]
(100)

[-1100]
[-110]
(-110)

[2-1-10]

X1 [100]

[-2110]
(2-10)

[-100]
(-210)

[1-100]
[1-10]
(1-10)

[-1010]
[-2-10]
(-100)

1-210
X3 v [[0-10]]
-1-120 1-20)
[[-1-10]] [0-110] (
(-1-10) [0-10]
(0-10)

Below you can see the inverse pole figure for TD direction with maximum for direction
<210> (<10-10>) determined the planes: {100} or {10-10}.

[110]

010 -
INV 120

Maxe]
007AIES

[001] [100]

In case of orientation {0-10}<100> which is shown on the figure below

LaboTex - The Texture Analysis Software
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Sample coordinate system ~ <0-110>
<-1-20>

Crystal coordinate system f Z

<2tio>
<100>

<001>
<0001>

<i210>
<010>

the basal planes are perpendicular to TD (Y) direction hence in this case the inverse
pole figure calculated for this direction shows maximum for <001> direction:

[110]

010 3
INV B

nnnnnnn

[001] [100]

Inverse pole figure calculated for direction TD
(Model of component {0-10}<100>, FWHM 10 degrees)

LaboTex - The Texture Analysis Software
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Below you can see the pole figures {100} and {001} calculated for model model of
component {0-10}<100>

Levels

1496
1350
1323
1086
95.0
#1.3
677
473
40.5
338
70
0.3
135
1o

Mlin=0.000
Max=163.140
2007/02/02

Please remember that orientation noted by Miller indices when is expressed by
Euler angles has different notation for each hexagonal axes convention.

For example orientation {0-10}<100> is equivalent orientation {0,90,0} in the first
convention and {0,90,30} in the second hexagonal axes convention. Pole figures and
inverse pole figures are the same for orientation {0-10}<100> in both convention.
Orientation {0,90,0) in the first convention is different from orientation {0,90,0) in the
second convention hence orientation expressed by Miller indices, pole figures and
inverse pole figures are different in the both conventions.

Examples for other Systems

D4 Tetragonal D4 Tetragonal D4 Tetragonal

110 110 110

Min=0235
Max=E014
200204116

Example of the Partial Inverse Pole Figures for Tetragonal System
(distribution of 100/RD, 010/TD and 001/ND sample axis).

LaboTex - The Texture Analysis Software
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ESSAII
110

Min=0.220
Max=8.407
20030416

001 100

Example of the Partial Inverse Pole Figures for Trigonal System
(distribution of 100/RD axis).

LaboTex calculates Inverse Pole Figure 100, 010 and 001 during ODF
calculation. User can calculate IPF for other direction (XYZ) using dialog
window (click mouse on the icon |C4])

Inverse Pole Figures [INY] Calculation |
— Chooze Inverse PF Wector for Calculation — Calculated ——
o i ——— FL Ly
] 1] I 100
1 n1o
2 2 2 oo1
3 | 3] 3 131
4 4 4
3] 5 b
B B B
7 7 7
a a 8
9q ) |
WY 131
Calculation Progress  [100.0 %)
| START INY CALCULATION I END |

Warning: LaboTex calculate XYZ IPF for integer X,Y, Z in the range 0 to 9.

LaboTex - The Texture Analysis Software
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In case of crystal symmetry lower than cubic is important proper denotation of
axis in the inverse pole figure plot. You also should input parameters of cell in
proper manner (details you can find in manual: “Pole Figues: Registration and
Plot Conventions”). You can check correctness of axis denotation. Please
prepare model for symmetry in which you want work (LaboTex-->Menu--
>Modelling--->Model ODF). Let in this model pole figure {100} has maximum
in RD/L direction (build pole figure from ODF using LaboTex-->Menu--
>Calculation--->ODF to APF). Next build from model ODF inverse pole figure
for XYZ = 100 (inverse pole figure for RD/L direction) (LaboTex-->Menu--
>(Calculation--->ODF to INV).

100

TD

model-1

Pole figure {100} with maximum around {RD/L} direction.

In the case when maximum in the inverse pole figure {100} is in top of pole
figure you should write (Menu Edit-->LaboTex options) denotation of
crystallographic axis ‘100’ to editbox ‘Y’ :

100

100
e \,\\1NV

/

. e

. i

model-1

LaboTex - The Texture Analysis Software
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When maximum is from left side of pole figure then you should write
denotation ‘100’ to editbox ‘X’ :

100
L INV

100

7

model2

Analysis of inverse pole figures in LaboTex

You can analyze inverse pole figures using cursor. LaboTex displays on
the left side of ‘Status Bar’ intensity of inverse pole figure in position of cursor.
It also displays {hkl} of plane in cursor position and values of angles. In case of
hexagonal and trigonal crystal systems LaboTex use Miller-Bravais indices:
{hkil}. LaboTex shows proper {hkl} indices if you introduce cell parameters
and indices of pole figures to ODF calculation in convention described in
manual: “Pole figures: registration and plot conventions”. Position of plane on
the inverse pole figure is depend on cell parameters for crystal symmetry lower
than Cubic. LaboTex shows {hkl} or {hkil} for indices up to maximal value
equal 15. You can decrease this value using dialog ‘Max. Value of Miller
Indice’ from menu ‘Analysis’.

LaboTex - The Texture Analysis Software
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Below you can see example of partial inverse pole figure for Cubic C.S. and
‘Status Bar’ with information about intensity of inverse pole figure in position
of cursor (close to local maximum) and information about hkl of planes which
lies in position indicates by cursor (i.e. {112} in this example).

R N A C T s e e N e R e L L ) i P ) L
e wer wer i [Twy o0E| 100070 001

+ Inverse PF Container's Info = | Close ﬂ

~ Isalines/evels for Inverse PF-

Color No_Value  Color Mo Value
W W
W o [ Ew
== [ Fo[s
| | i ElTT 2

1 1 l s o I =
WIE = EEEl s
il e | 378

1 !
_er.Drg!tI ‘Z'H: Mone| Al | Sot

D
*Ad‘iuslmenl of Isalines [Autamatic Modaif
—
(I S e i
Lewvels
gg | [conTinuous ~
247 Backaround Color Isaling
212
176 ALTOMATIC B
i-gg N Isolines Mode # Load IN4 lsolines
061 I Color W Value [ State
032 Save I Isalines |
043
0o Smoothness M plin — I— M.
0326 lits it
gé; TGlobal Inversion PF(s] Valuss
T ’VMaiu‘md 3.437 Minimal | 0.242
Ilax=3 437 IV Properties [Click on the Inverse PFl——
200740302 bk [4PF] _ Sample

00T [N 1]

Project
Test Description | [Demo
Data 0] 2007 [ 32 e [17:78
I alue =
’VMauim.aI 20721 Minimal | 0.000
M Hang_ei
e [ooo A oo
o 0.000 B: ISU'UDEI
1 O 1 a0 | 5000 a8 I,ﬁﬂﬂﬂ_

-Crystallographic: Spstam and Cell Param.
’7 Crystall syster: O (Cubic) —‘

Intensity

o8

|¢ 35.2, 44.3)PF=1.913 EhH}:{tjuz}- ’

{0-Cubic | [pemo o |

Below you can see change of the position of planes {21-34} on the inverse pole figures for
samples with different cell parameters (Hexagonal Crystal System).

[110]

110]

Levels

1873
1664
1455
1246
1036
H 227
6.18
3.57
306
= 255
204
- 1353
102
0.3l

MTin=0.000
Ml ax=20.727
20070302

ooy [100] [001] = [100]



