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1. Pole Figure: Definition

The most popular techniques for texture measurement are X-Ray and neutron
diffraction. The polycrystalline specimen contains many grains (crystallites) in which atoms
form a three-dimensional periodic arrangement. Each grain has a unique orientation and in
each grain we can indicate different crystallographic planes. In diffraction techniques, we can
choose planes such as {111}, {100} or other planes, which give the diffraction peak, by fixing
the 26 angle in the source-counter system and next, we can make a measurement of the
intensities diffracted by these selected planes for different positions of the source-counter
system, with respect to the sample. In LaboTex, the results of the texture measurement are
plotted by means of the stereographic projection and the created plots are referred to as pole
figures. For example, we get the pole figure {111} when we choose the 20 angle for {111}
planes. Consequently, pole figures show the statistical distribution of the normal to the given

{hkl} plane.
Normal to {hkl} planes
for some grains of sample
(01

ND

Fig. 1 The principle of using the stereographic projection to create a pole figure in
LaboTex.

In LaboTex, pole figures are characterized by the angles o and B, where the o ranges
(angular or radial) are from 0° at the center to 90° at the edge, and the [ ranges (azimuthal) are
from 0° to 360°. The definitions of the o and 3 angles are shown in Figure 1. The point where
the {hkl} plane normal intersects the sphere (the point defined by the o and B angles) is

projected in the pole figure in point P, hence OP =R -tg (%) (see Figures 1 and 2).
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Fig. 2 Pole figure with point P and angles o, B defined in Figure 1.

2. Pole Figure: Measurements

In practice, the source-counter system is non-moving and different measurement positions
(a, B ) are made by sample rotations (see for Figure 3).

ND
y

r a

BQ)/

SAMPLE

Fig.3 Pole figure measurements by sample rotations.

The traditionally applied registration method of the pole figure is based on the equiangular
(regular) measurement grid (Aa=Ap). LaboTex also inputs the data for equal azimuthal and
radial steps (see Figure 4). The measurement grid should be one from: 1. ,2. ,1.2 ,1.25,1.5 2.
,2.5,3. ,3.75, 5. ,6. ,7.5, 10 degrees and it can also be: 1.8 ,2.25 ,3.6 ,4.5, but with the
exception of the trigonal and hexagonal crystal lattice symmetry. The step size should depend
on the degree of the preferred orientation. Strong texture needs a smaller grid (for details see
the report "Volume Fraction Calculation").
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e - measurement —e
point S

Fig. 4 Measurement of a complete pole figure.
(Left) - Example of an equiangular measurement grid for a pole figure (left), Aa=Ap=10°.
(Right) - Example of a complete pole figure.

LaboTex can also input the data for different azimuthal and radial steps, but in this case,
the azimuthal step is adjusted to the radial step by the linear interpolation of the pole figure
data (see Figure 5 and Figure 6 — the radial step for the data of the defocusing correction has
to be the same as for the pole figures). LaboTex informs the user when it has made an
adjustment from the azimuthal step to the radial step:

x
Radial and azimuthal angle step were different. LaboTex adjusted azimuthal step ko radial step by linear interpolation.
Ok |
A BI = 50 A — interpolated point
<] ﬁ ~ O — measured point
~ g
O~
AN
A&%‘%&, 5
j‘?:{f’

Fig. 5 Example of an adjustment of the measure azimuthal step (ABm=6°) to the radial step (Aa=5°) by means of
the linear interpolation for a non-equiangular measurement grid (AP - step for interpolated points). Input grid :
Aa=5° ABm=6°; Output grid : Aa=5° AB=5°.
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18003 —
O Ex perinm

. mamal

18003 —

14003 —

baa angle

Fig. 6 Example of data adjusted by the linear interpolation for a non-equiangular measurement grid. Radial
angle (o) constant, azimuthal angle (B) in the range from 0° to 360°.

A correct measurement of complete pole figures is impossible by means of one technique.
For the transmission technique (neutron diffraction, X-ray diffraction for polymers), correct
measurements for the radial angle of about '0' are not accessible, hence the data from the
transmission technique start from o>0. Figure 7 shows an example of the measurement grid
and measurement ranges for the transmission technique.

N
RD AB=10°

« - measurement '
point S

Fig. 7 Transmission technique. (Left) - Example of an equiangular measurement grid for an incomplete pole
figure (=30 to 90°, =0 to 360°, equiangular measurement grid Aa=Ap=10°). (Right) - Example of an
incomplete pole figure.
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For the reflection technique (X-ray diffraction), the measurement fails when the radial
angle approaches the '90" degree, as the sample plane and the diffracted beam are parallel for
the 90 degree (see Figure 8). Hence the proper data from the reflection technique are for
a<90.

Source
of beam

Measurement

area NG ‘ Source
= . OF Deam

Detector

SAMPLE SAMPLE

Measurement
area

Fig. 8 Reflection technique. Illustration of the problematic measurements for the radial angle close to '90'
degrees.

Figure 9 shows an example of the measurement grid and measurement ranges for the
reflection technique.

TD

e - measurement
point S

Fig. 9 Reflection technique. (Left) - Example of an equiangular measurement grid for an incomplete pole
figure (=0 to 60°, B= 0 to 360°, equiangular measurement grid: Aa=Ap=10°). (Right) - Example of an
incomplete pole figure.
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RD RD

A) B)

Fig. 10 Reflection technique. A) Deformation at o close to the 90 degree. Example of a complete pole figure
(a=0 to 90°, p= 0 to 360°) B) The same measurement as in A) but in the range: a=0 to 60° (incomplete pole
figure) and with a different factor of normalization.

Figure 10 shows an example of deformation of the complete pole figure for the reflection
technique at a close to the 90 degree.

A similar deformation of the pole figure can be a result of a bad assumption of the
convention for the radial angle when the pole figure is plot. Some data formats do not use the
o angle measured from the centre of the pole figure (i.e. a=0 is in the centre of the pole
figure) but they use the convention where o=90 is in the centre of the pole figure. You can
find a similar problem with the UXD file format. In this case, please reverse the data input for
o /choose : Edit = LaboTex Option = Data Format = UXD - Bruker (reversed

radial direct)/.

If you use the area detector or the position sensitive detector, then the software for your
detector should make a transformation of the integrated intensities from the diffractometer
coordinate system {20, w,y,,¢) into the pole figure angles (a.,f). Basic information about this
transformation, as well as about measurements with area detectors and position sensitive

detectors can be found in:

e H.J.Bunge, K.Klein, Z.Metallkunde, 6, 465 (1996);
e L.Wecislak, H.J.Bunge, "Texture Analysis with Position Sensitive Detector”,
Cuvillier Verlag, Gottingen (1996).
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When the interplanar spacings in the layer of the deposit and in the substrate are close for
some planes (the diffraction peaks overlap - Fig. 11), then we can observe the presence of the
substrate texture in the pole figure for the deposit. This effect can also be observed in the case

of bulk multiphase samples.

A

Counts ——

— ! \
29{hkl}phase1 29{

Fig. 11 The observed (resultant) profile of the diffraction peak (blue) in the multiphase system where
the peaks overlap (the profile of the diffraction peak for phase 1 (yellow), the profile of the diffraction peak for
phase 2 (red)).

This effect can be observed especially when the substrate has a strong texture. For
example, the peak for (220) Si (2Theta 47.37) interferes with (111) Cu (2Theta 43.34). The
pole figure shown in Figure 11a additionally contains four small peaks. These peaks come

from the monocrystal substrate.

RD

TD

Fig. 11a Reflection technique. The presence of the peaks from the substrate (four peaks in the centre, the Cu
layer on the monocrystal of Si).

In the case when the diffraction peaks overlap, we should apply the profile analysis (such as
the PIM or IM technique - see the table at the following page) for extracting the point (o) of

the pole figure.
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Peak Profile Determination  §
(PSD or p-PSD Measurements)
¥20

Model Function *
Fitting ’ :
[ .
A 20
zeihkme] 201111} phase,
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Background and Phase
Correction :
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(Peak Intensity Method) (Integrating Method)

I/wk 4 Integral of Peak

»
2

3
H
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T
0 T
20 . 0
\\ {hiphase, J \\ ze{hkl%phase‘ j

Determination of point (o,[3) of pole figure
for phase, by PIM and IM
(Scheme)
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3. Pole Figure: Measurements and Sample Symmetry

When we are sure that the pole figure’s sample symmetry is higher than triclinic, then
we can make a measurement in a smaller range of the 3 angle. Below, we can see examples of
complete pole figures with different sample symmetries (left) and examples of the
measurement grids for each sample symmetry (right):

e - measurement
point S

Triclinic s.s.

Fig. 12 Triclinic Sample Symmetry: B = 0° to 355° or 0° to 360° (Symmetry element C;)

N
RD RD Ap=10°
100
CPF

TD

05
Min=0200
Max—4. 734
2004102406

Monoclinic s.s. e - measurement
point S

Fig. 13  Monoclinic Sample Symmetry: B = 0° to 180° (Symmetry element Cy)

11
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RD
100
CPF
o
5
A ™
Y L

e - measurement
point S

d2

Fig. 14. Orthorhombic Sample Symmetry: B = 0° to 90° (Symmetry elements: C, m)

RD
110
CPF

755

%
ﬁ{{/’é=-

\/
N
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2

point

Cu-el-deposit
AB=10°

e - measurement
point S

Fig. 15. Axial Sample Symmetry:  =0° or B = 0° to X%(Symmetry element C..)
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If the range of B is between 0% and X° (the custom range), then the user can make the
average of their result (symmetrization to the axial sample symmetry) before the ODF
calculation. High sample symmetry makes the texture analysis easier because the range of the
B angle is equivalent to the range of the Euler o1 angle on the ODF. Below, you can see
examples of the ODF (cubic c.s., @1=const. projection) for different sample symmetries:

Triclinic sample symmetry Monclinic sample symmetry
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Fig. 16. Examples of ODF for different sample symmetries (cubic crystal symmetry, projections : ¢1=const.)

If, after you have made the measurement, the pole figures for your sample show a higher
sample symmetry than you have assumed, then you can make an ‘average' of your pole figures
to a higher symmetry. This process is called symmetrization. In LaboTex, you can make a
symmetrization of pole figures, as well as of the ODF. You may make a symmetrization of
pole figures before the ODF calculation. For example, if you have made a measurement of the
pole figure in the full range of the azimuthal angle =0 to 360 deg. and your pole figure
shows the axial sample symmetry,

13



LaboTex - POLE FIGURES: REGISTRATION AND PLOT CONVENTIONS

Fig. 17. (Left )- pole figure measured in the full range of the azimuthal angle and (right) - the same pole figure
after the symmetrization to the axial sample symmetry.

then you should make a symmetrization to the axial sample symmetry.

As you can see in Figures 18 and 19, in LaboTex, you can make a symmetrization very
simply. You can see the pole figures after the symmetrization on the screen, hence you can
compare the different types of symmetrization and see the differences between them. Just
looking at the pictures might give you an idea of how to make or not to make a

symmetrization.

" Start ODF Calculation

RUM ODF CALCULATION |

—ODF Calculation 5 ettings

— Symmetrization

" none

triclinic to manoclinic . = O

-
" hiclinic to arthaorhormbic . - @
% hicliric to asial . * ®
£ monaclinie tearthorh: O # O
-
-
-

manoelinie bo awial O - G
artharbombie bo awal @ B @
UKE

aEtom b axial

Pole Figure [kl 111 x| ]

Fatation of BFE step 005 deg—|
| pt IR (ORI | T Wl

-

Start ODF Calculation
’7 RlIM ODF CALCUILATION |

—ODF Calculation 5 ettings

— Syrnmetrization

i« none

£ hiclinic to meneclic . * O

£ hiclinic to othorhombic . 5 @
£ hiclinic to axial . * @
" monoclinic to orthorh, O - @
-
£ orthorhombic ba axial @ B G
UKE
Pale Figure [kkl] 100 | [4]

R atation of PF ztep 2.5 de
m—a o g v |

" monoclinic to axial

€ custom ta adial

Fig. 18. Types of symmetrization for pole figures measured in the full azimuthal range i.e. such as for the

triclinic sample symmetry (left) and for the pole figure measured in the half azimuthal range such as for the

monoclinic sample symmetry (right).

=
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The ODF calculations are done from several pole figures. Before the beginning of the ODF
calculation, the user can exclude from it one or more bad quality pole figures, as well as only
bad fragments of the pole figure (such as deformed ones, as shown in Figure 10). The user can
also make a rotation of the pole figure (e.g. by eliminating the error connected with a bad
mounting of the sample in the goniometer). In some XRDs, the goniometer’s continuous scan
of the azimuthal angle shifts the initial value of the 3 angle from 0 to +3/2 or -B/2 (integration
effect). A correction of the above effects is very simple in LaboTex. For details, please see the
report "Determination of VVolume Fraction of Texture Components™.

" Start ODF Calculation ﬂ "Start ODF Calculation ﬂ

RIUWN ODF CALCULATION | RUM ODF CALCULATION |
—ODF Calculation Settings——————— — ODF Calculation Settings
— Symmetnization — Symmetrization
* none €= rone
07 triclinic: bo monocie . -3 O | triclinic b moneclinic . g O
= hiclinic to orthorbonmbic . - @ ) triclinic to orthorhambic . > @
£ triclinic o awal . 7 G £ triclinic to avial . K @
= manoclinic toorthork, O - @ ) moneclinie e orthark, O - @
= manoclinic bo axial O ¥ G ) monoclinic b axial O > @
£ arthorhombic ta axial @ G ) arthorhombic bo awial @ @
€ custom bo avial @ G % custom to axial @ @
Pale Figure [hkl) 100 | (4 Pale Figure [hkl] 100 | (4]

Fotation of PF step 2.5 deg Rotation of PF step 2.5 deg
A Aerhi ke =ll PE- M I A Aecli e -l DT Mn I

Fig. 19. Types of symmetrization for pole figures measured for a quarter of the azimuthal range i.e. such as for
the orthorhombic sample symmetry (left) and for the pole figure measured for the custom azimuthal range

(right).

4. Pole Figure: Correction and Normalization

Pole figures should show the statistical distribution of the normal to the given {hkl}
plane, hence the intensity data should be corrected for background, defocused and next
normalized.

4.1. Background Correction

The intensity values of the background should be independent of the azimuthal angle,
hence one or several measurements of the background for the constant radial angle should be
sufficient for a good background correction. In LaboTex, you can input the background values
from the "left background” (i.e. for values of 26 lower than 20 for the {hkl} peak) and from
the "right background™ (i.e. for values of 26 higher than 26 for {hkl} peak). You can also
make a correction using only the "left background™ or the "right background", as well as input
data after the background correction.

15
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If LaboTex finds more than one value of the background for the given radial angle, then it will
calculate the average of the background values. Similarly, if LaboTex finds the values for the "right
background" and simultaneously for the "left background", it will calculate the average of the "left"
and "right" background. In the file with the pole figure you have to set the parameter "Type of Data" to
"0" for the background data and "1" for the pole figure data. A detailed description of the format of
the pole figure(s) data as well of the background pole figure(s) data can be found in the report
"LaboTex Formats" (http://labotex.com/format.pdf ). There are also non-LaboTex formats, which can
contain information about the background data: NJA (left and right background), DAT, RAW-DFB
(popLA), RW1 (COR-->BGR), BKG (PFG), ASC (low and high), UXD (left and right). For details
see http://labotex.com/format.htm or contact with LaboSoft.

Left Center of Right
2000 —background {hkl} peak background

1800 —
1600 —
1400 —

1200 —

I [counts]

1000 —

800 —

600 —

400 —
e - measurement

point S
200 —

Fig. 20. (left) - {hkl} diffraction peak with background (constant azimuthal and radial angle). (right ) - Example
of measurement grid for background.

LaboTex informs the user when it finds data for which the background data are greater than the pole
figure data and it displays the percent of these data:

LaboTex Warning x|

Warning!
& LaboTex found background greater than pole figure data for 4, 149 of all pole figure data - LaboTex set them ko

2ero
CK |

When the background data of the pole figure is greater than the pole figure data, LaboTex can:
a) replace the negative values of the pole figure by zero;
b) add to all the pole figure data the lowest value of the pole figure, which, after the correction of
the background, makes it posssible to obtain all the non-negative values of the pole figure
(LaboTex makes all the data positive).

16
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The user may choose option a) or b) in the menu "Edit" — "LaboTex Options" — "Data Formats"
(see Figure 21). The default option is a).

Captionz and Draw I 30 View I Arrangement I lzaline Mo
Mizscelaneous | ODF Calculation I Active izolines
Print Setup Data Formats LabaTex Conventions

Choosze Additional D'ata Formatz and their Default Settings

1 [ Coclockwize & More  30dsg. ¢ 180deg
ILabDTe:-: Experimental Pole Figure Filez j Iﬁ
2 [ Coclockwize ¢ Mone  90deg.  180deq
ILabDTe:-: Preliminany Cormected PF Files j Iﬁ
3 [ Coclockwize © MNone  90deg. ¢ 180deg
ILabDTe:-: Single Orientations Filez j Iﬁ
4 [T Coclockwize & More © 30dsg. ¢ 180deg
[0 -8 Discover Bruker (1PF/File) ~| [uxD
5 [ Coclockwize  More  90des. ¢ 180 deg.
[t - PHILIFS Pert binary data format ~| [Rwit
g [ Coclockwise ™ Mone " 90deg. ¢ 180deg

[ M2 - Seifert ASCIl 4 | s

=Tlockwize & Mone © 90deg. 0.
Al - popld Farmat files j R
If background data iz greater than pole figure data then :

 Set'l’ value ' Make all data positive

S~— A

Fig. 21. Choice of the option for the background of a pole figure.

4.2. Defocusing Correction

When the radial angle (o) increases, the way of the beam in the sample for the same thickness
is longer (see Figure 22A), hence different effects are observed: the absorption is greater, the peaks in
the diffraction pattern are broadened, the maximum of the peaks can be shifted from 26 (see Figure
22B). These effects (defocusing, absorption) are generally referred to as the "defocusing effect".

A)

a=00

B)

Counts ——

Imaxe

Imax e
-

8

>

20" 4 A

Fig. 22 Defocusing effect
17

20" g0y 29 (A
20—



LaboTex - POLE FIGURES: REGISTRATION AND PLOT CONVENTIONS

The defocusing effect can be corrected in several ways:
by measuring the pole figure on an isotropic sample (texture-free, e.g. a properly prepared
powder sample) made from the material with the same composition as the main sample. In
LaboTex, the pole figures for an isotropic sample (powder sample) are input
simultaneously with the main pole figures, but from another list (the list is marked with a
black line in Figure 23). The extension of the LaboTex file with pole figures is POW. The
format of this file is described in the report "LaboTex Formats™

i~ Choose Experimental D ata [LaboT ex Experimental Pale Figure Files] EE—— Crystal Spmime I
@ EPF O PPF C SOR © UXD C epf ( ASC O XPE “°°°® ( O ik
C1_Triclinic. epf DE_Hexagonal.ept
C2_Manoclinic. epf fiber. epf Project Name
C3 Trigonal.epf 0_Cubic.epf
C4_Tetragonal. epf 0_Cubic_c2.epf
CE_Hexagonal. epf T_Cubic.epf
D2 _Orthorhombic. epf
[D3_Trigonal epf
D4 _Tetragonal.epf
Path | C:iLaboTexdtUSERdemo. LABYERPFY
Infa
Project Mame :  |Demo
W

hoose Defocussing Corection

¥ Comection (On/0f]

& Comection Data from File
[COR POW DFB ASCPFG)

" Conection Data from Formula

Cor(5=5).car
D PO
M.DFE

0_CUB.POW
IRC1.ASC

=

th | C:\LaboT exdfUSER\dema. LABSCORY

Sample Name :

Cancel

Create of Binary File in LaboTex Format [Cornected Pole Figure(s) ([CPF])

Fig. 23. Input of the file for the defocusing correction.

(http://www.labotex.com/format.pdf ). There are also non-LaboTex formats available
in LaboTex (DFG,ASC,PFG,NJA,DAT). The current list of these formats can be
found at: http://www.labotex.com/format.ntm. The ideal pole figures, without a
defocusing error, for an isotropic sample, have all the values of counts the same.
LaboTex calculates the correction defocusing coefficients from the pole figures for an

isotropic sample in two stages:

1. In the first stage, LaboTex calculates the average values of the counts for each
circle (a=constant) with the background correction;

2. Inthe second stage, LaboTex calculates the correction coefficients for each o
by dividing the average value of the counts for a=0 by the average value of

the counts for a given a.

In Labotex, you can input a set of defocusing correction coefficients which has

been calculated earlier (the file with the extension COR).

For details see http://www.labotex.com/format.pdf
by measuring the pole figure not for one value of 204w, but in the full range of the {hkl}
peak i.e. from 20¢nki-A to 205nk3tA (See Figure 21B — the grey area). This method (called
the integration method) corrects the errors connected with the broadening and the shift of
the maximum of the peaks from 26 in the diffraction pattern. The position sensitive and
the area detectors are very useful in this method.
by an estimation from the theoretical equations. Some software from your XRD can also
make a defocusing and background correction from different equations. You can input the
corrected data directly to LaboTex. You can also use the correction from the formula.
LaboTex enables making corrections by using the Schulz formula (J.Appl. Phys., 20,
1033, 1949) for the reflection technique:

18
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l—exp(— Zﬂt]
oo siné

=
© loexp[- oM
sin @-sin(90 — &)
where,

u - absorption coefficient [1/cm]
t - penetration depth [cm]

Figure 24 shows the changes of the correction coefficients for defocusing, calculated from
the Schulz formula for different parameters 20 and -t

11

Correction coefficient

0 10 20 30 40 50 60 70 80
o /degrees

Fig. 24. Correction coefficients for defocusing calculated from the Schulz formula for different parameters 26
and -t

When you would like to make a correction from the Schulz formula, please select the
option "Correction Data from Formula" in the "New Sample" dialog (see Figure 25).

|
i~ Choose Esperimental Data [LabaT ex Experimental Pols Figure Files) oel 4-0 Crystal Symmetr
& EPF  PPF € SOR ( epf ( wd [ COA( xpe -oeoted: { O tubig
111_fiber.epf 2015_200.epf asroll3.epf D2_0Ortt
111°POL ept 2015_220. spf [C1_Triclinic. spf D3 Trig | [ ProEct Name
15_25_30_cl.epf 220-POL ept C2_Monoclinic. ept D4 _Tet
15_25_35_c2epf 4545 45 sym.epf C3 Tiigonal.epf DE_He:
15 _25_35_d2.epf aaaa.epf C4_Tetragonal epf DEMOL
200-POL. epf AFK1.EFF CE_Hewagonal epf fiber.epl A0
2015 _111.epf Alblacha.epf cub_sym.epf IND.EP DEMO
4 | ] || |oEMO
Path I D w3000\ SERND zga LABNEPFY I
Infx
Project Mame : Iaa
r— Choose Defocussing Corection — Sample Marm,
v Comection (Ond0f)
" Correction Data from File " Conection Data from Formula

[COR.POVW/.DFB ASCPFGE HJA DAT)

Schulz Formula for

reflection technique Ioe h 1- Bxp(- i 02'}90 ])
sinfsin(90-c
Absarption coefficient I 1.0 [1/5m]
Penetration depth m] I 1.0 [em] Sampls Name : I

Cancel Create of Binary File in LaboT ex Format [Conected Pole Figure(s] [CPF]) I

Fig. 25. Option for defocusing correction data from the Schulz formula in LaboTex
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Next, you input the values of the absorption coefficient and the penetration depth for your
sample. If you would like to find the file with the calculated correction coefficient, you should
look for it in the LaboTex user’s temporary directory (file ‘COR’). You may use the
defocusing correction coefficient calculated from another formula. In this case, you should
use the file with the extension “COR”. For details see http://www.labotex.com/format.pdf .

You can directly observe the defocusing error on ‘random’ samples, for which all the
pole figure values should be the same. The pictures below (Fig. 25a) show examples of the
experimental pole figures {110}(left) and {211} (right) of a ‘random’ sample made with the
powder of Ferritic Stainless Steel (reflection technique, axial symmetrization):

RD

TD
TD

Fig. 25a.

As you can see, the defocusing effect is greater for the {110} pole figure than for the {211}
pole figure. The Schulz formula for the reflection technique may, to some extent, explain
these effects: the defocusing effect is greater for the pole figures with a lower 26, hence the
pole figure {110} (26=52.3°) is more deformed than the pole figure {211} (26=99.5°)

The results of the defocusing effect (the shift and lowering of the maximum, the broadness of
the diffraction peaks in 26 when the radial angle increases) can also lead to a bad correction

of the background (see Figure 25b).

Profile of diffraction
/ \ / peak

\ Profile of diffraction peak
with defocussing effect

Counts ——

! Error of
\ Background

Imax e
—-

>

Ze{hkl} 29{background}
20 —

Fig. 25b. Defocusing effect: Errors in the determination of parameters of the diffraction peak.
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LaboTex (version 2.1.015E) informs the user when it finds data for which the background
data are greater than the pole figure data. LaboTex also displays the percent of these data.
Example:

The pole figure deformed by the defocusing effect (left) and a well corrected complete pole
figure (right) obtained for the same sample (the intensity of the pole figure for the radial angle
greater than 65 degrees is strongly lowered on the pole figure on the left. The intensity in the

center of this pole figure is increased).

Min=0.101
Max=7.363
2006/03/16

Fig. 25c¢. Pole figures deformed (left) and undeformed (right) by defocusing.

Warning:
1) The calculation of the ODF from deformed (not corrected) pole figures leads to a

divergence in

LLLLLL

Min=0.101

CHOW2

Fig. 25d. An undeformed fragment of a pole figure (the fragment between the dotted line in the center and the

next dotted line), “cut out™ into the ODF calculation
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the ODF calculation. You can cut out the undeformed fragments of a pole figure into the ODF
calculation using sliders. A too small fragment of a pole figure can make the ODF calculation
poor or impossible. You can also correct the faults in the mounting of the sample in the
goniometer by rotating the pole figure by means of an appropriate slider :

— Faotation of PF step 2.5 deg

&pply to all PF= I na |

A0 B0 30 0 30 EO 90
— Lowwer Flange(5.0-60.0 deg)

w] Apply to all PRz I 8. Dl
B %

0 10 20 30 40 50 B0 70 20 90
— Upper Range(10.0-85.0 deg]
fpply to all PFs I B5.0

[

1 4 1 1 1 1 1 1 e

0 10 20 30 40 B0 EO 70 80 390

g

Fig 25e. Sliders for the rotation of a pole figures and for “cutting out” the undeformed fragments of pole figures

into the ODF calculation.

2) LaboTex uses the defocusing correction coefficient. If you have a set of defocusing
coefficients, then you have to recalculate them to the defocusing correction coefficient:
defocusing correction coefficient = 1/defocusing coefficient

3) LaboSoft s.c. offers several Texture Standards and "Random” (powder) samples for
different materials (Cu-Al, Al, Ti, steel-austenitic, steel-ferritic) and for different sample
symmetries (triclinic, orthorhombic). The texture index for "Random™ reference samples is
lower than 1.1. You can make measurements on your XRD and next, you may compare your
results with the results from the Accredited Testing Laboratory (two correction methods for
defocusing). You can also check the plot and registration conventions. For details see
http://labotex.com/texture standard.htm . The PIM and IM methods are also described.

These methods assure obtaining reliable '‘device-independent™ pole figures for the
guantitative texture analysis. See also: "Texture Standard. '‘Device-independent’ pole figures
for the quantitative texture analysis. The Peak Intensity Method (PIM) and the Integrating
Method (IM) - basic information™:
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[miereiiy
1.7 L I B N N I B B B |

ORTHORHOMBIC
=a ]

L1}

Ll

i}

na

s o » Y o M g ) m o w0
Farinl Argh Dagrons’

Fig. 25f. Example: Sections of pole figures for azimuthal angle=0.0:
Aluminium reference samples.

e red - texturized with orthorhombic sample symmetry,
e  blue - powder sample (“random™ - texture free) sample.
Examples:

Pole Figures (sections) for a powder iron sample with the background correction.

Tnvtensity

Legend

o e 50 30 w o an 50 0 a0
Radial Ancle /Desrees

Fig. 25g. Pole Figures (sections) for a powder iron sample with a bad background correction.
Measeurement with a point detector in the usual mode.

23



LaboTex - POLE FIGURES: REGISTRATION AND PLOT CONVENTIONS

The shift of the diffraction peaks with the increase of the radial angle (Fig. 25h) causes a
sharp decrease of the intensity (the initial 2@ is not in the maximum of the peak for a greater
radial angle). For this sample, LaboTex also shows that more than 40% of the background
values are greater than the pole figure values. This indicates that the shift of the diffraction
peak causes also a bad background correction. The below image (Fig. 25i) shows the sections
of pole figures for the same sample, but with no background correction. The maximal value of
the pole figure decreases from about 50 (in the case with the background correction) to 11 (in

the case with no background correction).

o=0.0 . o=35.0 , 0=70.0

y |
o T
2 I 2 IPF [ yé ‘\
I | [
pF \
| | . | &) N ! ‘: i >
' e N N 20y 2
26(bat:kground) 29{hk|} 29(background) ze(background) Ze{hkl} ze(background) Ze(background) e(background)
20 —» 20 —> 20 —

Fig. 25h. Defocusing effect. Measurement of the pole figure intensity in point (a,3) with a point detector in the

usual mode. The background intensity can be greater than the PF value in some cases

70 50 30 w My 30 S0 0 o0
Radial Angle Tegrees

Fig. 25i. Pole Figures (sections) for a powder iron sample with no background correction.
Measurement with a point detector in the usual mode.
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As you can see in Figures 25g and 25i, when you are using a point detector in the usual mode, then the
defocusing correction needs great correction coefficients (even about 100). This can be a source of
considerable errors. The changes of the intensity of the radial angle are smaller for the integrating
method when the PSD or pseudo-PSD techniques of measurement are used (see Figure 25j). In this
case, the correction coefficients are lower than 2.0, within the range of the radial angle from 0.0 to
75.0 degrees. The deformation of the pole figure after such correction is small and the pole figures are

of good quality

Intensity

1.300 - o

1.200

1.100

1.000

0.900

0.800

0.700

0.600

0.500

0.400

0.300

0.200

0.100

0.000

00 g 30 50 70 90

90 70 50 30 10
Radial Angle /Degrees/

Fig. 25j Pole Figure (section) for a powder iron sample. Measurement with a point detector in a pseudo PSD
mode. The Integrating Method (IM) for each point (a,B) of the pole figure.
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4.3. Normalization

LaboTex inputs the data for pole figures, backgrounds, defocusing correction

coefficients and next, it makes a correction:

corrected PF value (o,3)= (measured PF value (o, 3)-background(c))-defocusing correction coefficients (o)

Finally, the corrected PF values are normalized with respect to the condition that the uniform

values of the pole figure equalling 1.0 describe a random distribution of the lattice

orientations, hence the equation for a normalized pole figure intensity f, (o, ) (where o is

the radial angle and B is the azimuthal angle) gives the area of hemisphere (2n):

a:%ﬁZZﬂ
j j f, (o, B)-sin(a)-da-dB =2r
a=0 B=0
and
1 “Tap=2r
il j j f. (a,B)-sin(a)-da-dp =1
2 a=0 B=0
hence, for an un-normalized intensity fu:
1 =5 peon
il j j f, (a, B)-sin(a)-da-dB =N,
2 a=0 p=0
and
f
v(@.p) = fy(a, B)
Nf
where Ns is the normalized factor.
In the case of a random sample:
f, (a,
W@ h) ¢ (4, p)=10
Nf
hence
a=3 p=2x

jsin(a)-da jdﬁ:l.o-zyz:zﬂ
a=0 B=0

As in both pole figure measurement techniques (reflection and transmission) we get
incomplete pole figures, it is not possible to make a proper normalization in this stage.

Instead, LaboTex makes only a preliminary normalization of the pole figures with respect
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to incomplete o and 3 ranges. Next, LaboTex creates pole figures called CPF (Corrected and
preliminary normalized Pole Figures). From these pole figures, the user can calculate the
ODF. Simultaneously with the ODF, LaboTex creates properly normalized experimental
pole figures with a normalized factor calculated from the ODF. These pole figures are

denoted as NPFs (Normalized Pole Figures). Different types of pole figure objects occurring

in LaboTex are described in the report: "Introduction to LaboTex". Only properly
normalized pole figures should be used in the texture analysis
(NPF,RPF,APF).

4.4. Merge of pole figures

In LaboTex’s pole figure data formats - EPF and PPF - you can prepare all the pole
figures in a single EPF or PPF file. An EPF file can also contain the pole figures’ background
data. You can prepare the data in a different PPF or EPF file and merge it in LaboTex. If you
would like to input several files referring to one sample, click on all the file names and

simultaneously hold pressed the CTRL (control) key.

x|
r— Choose Experimental D ata [LaboTex Experimental Pole Figue Files]ﬁ Ciystal Symmetry
& EPF O PPF " SOR MM O ASC ( CDA C HkL SSected: { O (Cubie)
200.epf A1-P1.EPF C3_Trig -
X o A-L1-P1EFF G4 Ten | [ Praiect Name ="
220-POL. ept ALZ1B.EPF CE_He: Al -]
2537110 epf Alblacha ept cu_111 Coruz
2-537_200.epf a-ravi-nml.epf Ccu_11 cube
2537_211 epf C1_Triclinic. epf cu_w_1
45 45 45 spm.epf CZ2_tonoclinic. epf cub_syr Inka
| Inka-1
rnodele
Path | C:\w30008USERYSMITH.LABSEPF 2015 220 epf RIST
us -
Info |Femark first line : S amples
Remark seconf line : Cu Project Narne ; Demo
— Choose Defocussing Correction — Sample Mam
I~ Corection [On/0F) =
& Carrection Diata from File € Carrection Oata from Formula 00000z
[COR PO DFB.ASC,PFG MJA DAT] 00000k
TTTice.cor £-Radoml 11 ria AFAHMLFOW  CORGY | (1002 ’
200fcc.cor A-Random200.nja CJE.COR COR.PI Dujconecte
2 20f o cor A-Randomz11 nja CORMX1]COR CUP11] 4
l41-P1.COR A-Random220.nia Corl5w5).cor CUP1T] BEEEE
N 21| {onzeg
Fath | G annnMUSERASHITH LABAEOR I oot
00209 El
Info Sample Mame : IZDT 5
Cancel | Create of Binary File in LaboTex Format [Corected Pole Figure(s] (CPF]) I

Fig. 26. Input several files with pole figures to LaboTex.

Similarly, you can merge pole figures for the defocusing correction (files in the POW format)
or pole figures with the defocusing correction coefficients (files in the COR format).

As you can see in Figure 27, there are only 7 different file formats available simultanously in
LaboTex, when you open the dialog "New Sample"”. The LaboTex formats are in positions 1-

3. These formats are permanent. You are free to choose the data formats 4 - 7 in the
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"LaboTex Options" from among about 30 different formats (you can find the current number

of the data formats available in LaboTex at http://www.labotex.com/format.htm).

Captions and Draw | 30 View I Arrangement I lzaline Mo
Miscellaneaus | ODF Caleulation I Active izalines
Print Setup Data Farmats | LaboTex Conventions

Chooge Additional Data Formats and their Default Settings

1.1 Coclockwise  Mone  ( 80deq. ¢ 180deg
ILaboTex Experimental Pole Figure Files j Iﬁ
2 [ Coclockwise  MNore ¢ 90dea. ¢ 180deg.
ILaboTex Preliminary Corrected PF Files j lﬁ
3 [ Coclockwise  MNore ¢ 90dea. ¢ 180deg.
ILaboTex Single Orientations Files j lﬁ
4.1 Coclockwise © Mone 80deq. ¢ 180deg
[N - S eiert ASCI data format =] [mia
5 [ Coclockwise © More © S0deg. ¢ 180deg.
[ASE ~Rigsku ASE fomet (1P /fie) =] [2sc
B [ C.-clockwise  More ¢ 90deq. ¢ 180 deq.
[<FF - BEARTEX data format =] RFE-
7. [ Coclockwize ¢ Mone  90deg. ¢ 180deq.
[C08 - COA ASCH data fomat = [coa”

If background data iz greater than pole figure data then :

% Set'l' value { Make al data positive

ok | A |

Fig. 27. Choice of additional formats in LaboTex.

The files with pole figures data in non-LaboTex formats don't contain the information about
the crystal symmetry, hence if you click on the file in a non-LaboTex format, you have to
select the crystal symmetry of your sample (see Figure 28). The default is set at the O — the

cubic crystal symmetry.

x|
i Choaose Experimental Data [COA - COA ASCI data format] . Crystal Spmmetr
CEPF © PPF (" SOR © NJA © ASC @ COA C HgL Soected:d ( () -
29C141111.C0A | Project Name
2301 4200 £
29C142001.CO4 FEEEE)
29C1A220.008 x| aaar
290142201004 £l
i~ Crystal Symmetry Corus
T1-Trlinic o
C2-Monoclinic
Fath | CAw3000WUSERSMITHLAEAE | |55 imnamonsic :mll:a1
C4-Tetraganal Mkar =

Infa [14-Tetragonal

Project Mame : Iaaaa

r~ Choose Defocussing Correction
¥ Corection [On/Df)

1 — Sample Name

% Correction Data from Fils 2-537_110-90
[COR POV DFE ASCPF B aal

[ Tifos.car & Fadoml 11.nia 222

200F e, cor A-Random200.nig i a8

220F e cor A-Handom211.nje ] aaaa]

J1-F1.COR R andam22l.nig % Caricel b I e

2l | | aaaalnn
aaaann
abc

Pty | Chw3000\USERASMITH.LABACORY brass-model =l

Infix

Sample Name : IZHE'IAEI]I]
Cancel Create of Binary File in LabaTex Format [Comected Pale Figure(s) [CPF]) I

Fig. 28. Choice of the crystal symmetry of a sample

Next, you can make a multiselection for all the files with the pole figure data referring to your

sample (see Figure 29). If the data format (similarly to the "COA" format) contains the
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corrected pole figure data, then the lower list (the list of files for the defocusing correction) is

greyed.

x
i Choose Experimental Data ([COA - COA ASCI data format) O —— Crystal Symmetr
CEPF O PPF € SDR € MM4 © ASC & COA O HEL “®°H® ( O icubig
3] .  Project Name
Path I C:Aw3000AISERNSMITH.LABLERF 29C1a111.C0
Inka1 =

FileMame, 25C14200.C04, FileDate, 20-400-2003, FileTime, 10:33

Infar

Project Mame : 4534

i~ Choose Defocussing Carrection i~ Sample Name
¥ Conection (On/0F) =
1% Carrection Diata fram il £ Conection Dats from Formula 2-537_110490
[COR POW DFB ASC.PFG MJA DAT] aal
111 e cor ARadaml 11 nja ARAYI-MMLPOW COR[E aag
[200fcc. cor A-Random200.nja CJB.COR COR.PC a8
220k, cor &-Random2]1.nja COR[X11.COR CUPTT] || [323@
l41-P1.COR A-Fandom220 nia Corf5s5] cor CLP11 aaaal
. I LI aaaalnn
asaann
I abi
Paft | CAw30004USERNSMITH.LABNCORY [— =
Infa Sample Mame:  [25CTA111
Cancel Create of Binary File in LaboT ex Farmat [Canected Pole Figure(s) [CPF]) |

Fig. 29. Multiselection for input of several files with pole figures in a non-LaboTex format.

Files with pole figures data in non-LaboTex formats don't contain information about the cell
parameters. For lower symmetry than the cubic crystal symmetry, this data are necessary for
the ODF calculation. LaboTex accepts relative cell parameters. The order of the cell
parameters is important for a proper ODF calculation.
x|
— Project Sample
[ Dema { BRCI

— Crystal Symmetry

IDB-H exagonal j

a I 10 h I 10 ¢ ID.D -] I EIY - 1 ISD.D ¥ | 1200

— Description

"Cellr‘ ters [Relative)

=

|
— PF Data File

e wEE = oo
et f = ==
’ B: b Be -

Adjustment to the LabaTex Registration Convention
Counter-clockwise [

Ratate
' MNone [Start PF Registration from RD]

= 80 deg [Start PF Registration from TD]
180 deg

— Calculations Progre:
|M erge [files) | 4 |

|E0nversion |

RUN | END |

Fig. 30. Completed of cell parameter(s) for a sample in the case of a lower symmetry than the crystal symmetry.
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5. Convention of cell parameters

For a lower symmetry than the cubic crystal symmetry, you have to input the cell
parameters of your samples into LaboTex. In LaboTex, we use the most popular Matthies
convention (see the table at the following page). LaboTex does not permit the input of the

parameters of the cell in any other order.

Warning: A bad order of the cell parameters can change the results of the
texture analysis.

Example:

In the case of the pole figures:
{020},{110},{200},{201} {310}

for a sample with the orthorhombic crystal symmetry, the cell parameters

a=0.741nm; b=0.495nm, and ¢=0.255nm

are in an incorrect order. According to the Matthies convention, the order should be:
a=0.255nm b=0.495nm ¢=0.741nm
or, in relative units:
a=1.b=1.94 c=2.91
(the angles are the same: 90,90,90), hence the pole figures hkl should be input in the way

shown in the second column below:

020 ---> 020
110 ---> 011
200 ---> 002
201 ---> 102
310 ---> 013
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basic vectors*

Crystal Cr?/stal a1 |az] |as| s ms o Figure
System Class a b o « B 7
@) On0
Cubic a=a=a 90° 90° 90° £
T Ta,Th, T a,
aZ
a‘I
Ds Dsh, Ds a=a ¢ 90° 90° y=120°
Hexagonal
Cs Céh, Cev, Cs a
a,
Ds Dsn Y
a1
Cs D3n
Ds Dasd., D3
AN
Trigonal a=a=a a ==y <120° 4 \
Cs Cev, S6, Cs E 3
a ys a
a, La
D4 Dan, D4
Cs Cosh, Csv, Cs
a=a ¢ 90° 90° 90° a,
Tetragonal D2 D2d
C S4 a,
a;
D2 D2n,D2
Orthorhombic a<b<c 90° 90° 90° ay
C2 C2v q )
d 1
C Can,C2 a,
Monoclinic a<b c 90° 90° y<90° a,
Ci C:1 1
a1
Triclinic C1 Ci a<b<c a B y<90° ag H
M~
7
a,

“a,b, ¢, a B y:the denotations of the cell parameters used in LaboTex
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Example:

Sample:
component: cubic {100}<001>
crystal symmetry : cubic

sample symmetry: orthorhombic
cell parameters: 4,4,4, 90,90,90

__RD == RD
T % P 2N\ A T
,/ \ e L / \\
; I," ‘x\‘ /" / \ .l\ x’.’/ \\\
\ c@ w @TD D] @ ‘@TD b' @) { @TTJ
bj - 4 . S ¥ N
‘ /,«" /_f' \_\ ) /
N . S _ A g
a a a
Fig. 30a. Pole figures {100},{010} and {001} for cubic crystal symmetry.
Sample:
component: cubic {100}<001>
crystal symmetry : tetragonal
sample symmetry: orthorhombic
cell parameters: 4,4,8, 90,90,90
RD RD __RD
,’/ \’\_\ / 4 \ J : \
F‘J \ / \ fi V'.‘
S\ Z N Iz [ : \
) P D a\' (o @‘l
\ i\ 9
@J N \// \ ) \'\ - /
/"_; /_f' \.\_“ _’/J
A P / ’ ) o ‘\\ .
model model model

Fig. 30b. Pole figures {100},{010} and {001} for the tetragonal crystal symmetry

(lack of the pole in the center of {100} and {010} pole figures, as the “c” cell parameter is different than the

cell parameter).
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Sample:
component: cubic {100}<001>
crystal symmetry : tetragonal

sample symmetry: orthorhombic
cell angles: 90,90,90
relative cell parameters :

a=1,b=1,c=10 a=1,b=1,c=2 a=1,b=1,c=0.5 a=1,b=1,c=0.1 Levels

432

_ED__ 111 T 111 — T 1 — 111 8.2
APF = T APF - TN APF o Th_APF 333
p P 4 y A 283
// o o\\ // \\ / ‘\ 23 4
.‘/ \ ," \|“ ‘f‘ V\“l .‘/ \\

[ m | m

\ j ) / / 53
/ / Y / .
| e e °° "
hN / AN 32
\\\ // S 7 \\\ // 2.

model ;;odglﬂ Hrﬁodgl/ Eodgl ] Lo
Min=0.000
Max=48.016
2006/03/16
Fig. 30c. Pole figure {111} for different c/a in tetragonal crystal symmetry.
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Fig. 30d. LaboTex orientation analysis. LaboTex shows poles (cross marks) of {001}<100> orientation in
different (but proper) places in the pole figure
(the position of the poles depends on the c/a ratio for samples with tetragonal crystal symmetry).
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6. Pole Figure - Registration Convention

A sample have to be physically marked in the texture measurement. An axis system can
be connected to the sample, as it is shown in Figure 31. For a rolled sample, for example, the
sample face RD-TD is usually the rolling plane and the preferential direction of the sample is
the rolling direction (RD). There are different ways of pole figure registration depending on
the type of the motion of the texture goniometer and the start point of the pole figure
registration:

(1) a clockwise rotation from the rolling direction (RD) of the sample (or from
another preferred direction of the sample);

(2) a counter-clockwise rotation from the rolling direction (RD);
(3) a clockwise rotation from the transverse direction (TD);

(4) a counter-clockwise rotation from the transverse direction (TD).

ND

A
RD or LD

/

SAMPLE

Fig. 31. Sample axis definition

LaboTex uses convention (1).

It is possible to adjust the pole figure data to the LaboTex registration convention using the
tools available in LaboTex:

o the replacement of "clockwise" by "counter-clockwise" is possible during the creation of
CPF. The user should only mark the suitable option (see Figure 32);

e the replacement of the start point of the pole figure registration, i.e. the direction from RD
to TD and vice versa is also possible during the creation of CPF. The user should select
and mark the suitable option (see Figure 33). The upturned figures will be shown as CPF
objects;

34



LaboTex - POLE FIGURES: REGISTRATION AND PLOT CONVENTIONS

B zl
Project Sampl ~ Project Sampl
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Fig. 32 The replacement of "clockwise" Fig. 33 The change of the start point
(default) by "counter-clockwise" of the pole figure registration

e the replacement of the start point of the pole figure registration is also possible before the
calculation of the ODF (after selecting the "PF—ODF" menu command).
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Fig. 34. The change of the start point of the pole figure registration before the calculation of the ODF
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The user should rotate the pole figure (CPF) with -90 or +90 degrees (select the option
"Rotation of PF" and mark the suitable angle -90 or +90 degrees with the slider (see
Figure 34)). The upturned figures will be shown as NPF objects after the ODF calculation
(in this case, the CPF figures will not be upturned).

You can also adjust the pole figure data with a rotation of about 180 deg (Figure 33).

7. Pole Figure - Plot Convention

If your registration convention is the same as the LaboTex registration convention, but
the pole figures from your XRD software are different than those from LaboTex, then your
XRD software can use a convention for the plotting of pole figures other than LaboTex. There
are different ways of pole figure plot convention, depending on the start point of the pole
figure plot. The most common use is:

(1) a clockwise rotation from the N direction;

(2) a counter-clockwise rotation from the N direction;
(3) a clockwise rotation from the E direction;

(4) a counter-clockwise rotation from the E direction.

LaboTex plots the pole figures as in point (1) (see Figures 35).

Captions and Draw I A0 Wiew I Arrangement I lzoline Mo I
Miscellaneous I ODF Calculation | Active isolines |
Frint S etup I Diata Formats LaboTex Conventions

—Hexagonal Axis Convention————————————————————
.
i G

— Pale Figure Plat Convention

& Start from Morth

€ Start from West € Start From E ast

 Start from South

QK Anulug

Fig. 35. Default plot convention in LaboTex: clockwise rotation, North — the start point of the pole figure plot
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You can change the default for the plot convention (Fig. 35) in the menu "Edit"—"LaboTex
Options"— "LaboTex Conventions". For example, if you would like to set the RD in the
East position, as on the plot in Figure 36, then you should first change the option in
"LaboTex Options" to "Start from East" (Figure 36 - left side).

N fLoborex -Option 20
| Captions and Draw I 30 View I Arrangement I |zaline Mo I
Mizcellaneous I 0ODF Calculation | Active izolines |

Pririt Setup I Diata Formats LaboTex Conventions

— Hexagonal &xis Convention
X i
-8 B

— Pale Figure Plot Convention————————————————————

= Start from Morth

7 Start from West & Start From E ast

7 Start from South

ok | Anui |

Fig. 36. Pole figure plot convention: clockwise rotation, East —the start point of the pole figure plot.

If the pole figure was registered from the RD direction (default LaboTex registration
convention) then you should change the default axis description, as it is shown in Figure 37.
In the menu "Edit"—"LaboTex Options"— "Captions and Draw" you can adjust the axis
description to a new plot convention.

LaboTex - Optio e |
Frint Setup | Data Formats | LaboTex Conventions
Mizcellanzous | ODF Calculation I Active izolines

Captiors and Drav | 30 Yiew | Amangement I |zoline Mo
—#PF

[V hklof PF ¥ Typeof PF ¥ Caption [zamg ..".

Legend———— ~ Axis Captions
[ Wisible v Visible
v lscline Description % of B #P
| Iv Min. and Max. ——

¥ Date I-“:| 3:
1MW
v %2 ¥ TypellNy) ¥ Caption [sample name)
Legend——— [ Awiz Captions
I Visitle I Visitle %

¥ lsoline Drescription ' IY
#of BNV
v Min and Max. 2

¥ Data I'ID 3: Z IZ
—0ODF Pen Width
I Visble [ Caption (0-20)

W Data W Min and Max Iﬁ
[ &uiz [V lzoline Description =l

Fig. 37. Pole figure plot _ oK | Al | convention: adjustment of
the axis description to a new plot convention
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Fig. 38 Visualization of a pole figure in different plot conventions: (left) - default LaboTex plot convention;
(right) - pole figure plot convention: clockwise rotation, East — the start point of the pole figure plot.

In Figure 38, you can see that LaboTex has also adjusted the visualization of orientation (the
cross marks denote poles), the Euler angles and the Miller indices to a new plot convention.
For the visualization of a pole figure we often use the following convention:

e acounter-clockwise rotation,

e East — the start point of the pole figure plot for a pole figure registered from the RD
direction.

This plot convention is shown in Figure 39. If your pole figures are registered in accordance
with LaboTex’s default convention, then for an adjustment of this convention to LaboTex,
you should set the start point of the pole figure plot to East (as in Figure 39) and next, you
should also change the option to "counter-clockwise™ while inputting the pole figure(s) (as in
Figure 32).

™ ovoex -aptions 20
| Captions and Draw I 30 Yiew I Arrangement I |zoline Mo I
H Mizcellaneous I 0ODF Calculation | Active izolines |

Pririt Setup I Diata Formats LaboTex Conventions

— Hexagonal Axiz Convention
.
- & o8

— Pale Figure Plot Convention————————————————————

€ Start from Marth

7 Start from West & Start From E ast

7 Start from South

ok | Anui |

S

Fig. 39. Pole figure plot convention: counter-clockwise rotation, East — the start point of the pole figure plot.

Warning: The change of the plot convention is global. All your pole figures will plot in the new
convention.
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8. Pole Figure - Registration Convention - Permanent Settings

In LaboTex, there is also a possibility of an adjustment of the registration convention
to the current data format. This adjustment can be made in the menu "Edit"—"LaboTex
Options"— "LaboTex Data Formats™ (see Figure 40). These settings are permanent, but
you can always change them, while inputting the pole figure data, as is shown in Figures 32
and 33.

Captionz and Ciraw I 30 Yiew I Arrangement I |zoline Mo I
Miscellaneous | ODF Calculation I Active izolines I
Frirt Setup Data Farmats | LabaTex Conventions

Chooze Additional Data Farmatz and their Default S ettings
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ILaI:u:uT &y Expenmental Paole Figure Files j |EF'F
2 [ Coclockwize ¢ Mone 1 90deg. ¢ 180 deg.

ILaI:u:uT ey Preliminary Comected PF Files j |F'F'F
3T Coclockwize ¢ Mone 1 90deg. ¢ 180 deg.

ILaI:u:uT &% Single Orientations Files j |SEIFI

4 [T Coclockwise & Mone  90deq. 180 deg

|UD - D-8 Discover Bruker [1PF/File] | Juxp
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£ I Coclockwize ™ Mone (90 deg.
INJ.-’-‘-. - Seifert A5CI data format
i {f* Mone
R - popLa Format files

If backaround data iz areater than pale igure data then
i Set'D walue O Make all data positive

™90 deg,

k. Anuiluj

Fig. 40 Adjustment of the registration convention to the data format

9. Rotation of pole figures

Rotation of pole figures is useful in many cases. The simplest case is when we want to
rotate the pole figures around the ND direction. We can find this case when we inaccurately

install a sample in the goniometer, as in Figure 40a.
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ND

Sample Axis Definition «
Initial 110

Fig. 40a. Pole figure for inaccurately install a sample in the goniometer.

It is due to the difficulty in the positioning of the sample in the goniometer. We can
make a pole figure rotation around the ND direction using the slider, as in the image below,

which is available for the user before the ODF calculation:

Fiotation of PF step 2.5 deg

Apply to all PFz I 0.0 |

/

90 B0 30 0 30 B0 90

-~

/2 111

- APF
- wmh

Sample Axis Definition Sample-f

after Rotation

Fig. 40b. Pole figure for inaccurately install a sample in the goniometer — after software correction.
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You can make more complex pole figures rotations using ODF transformations. LaboTex can
calculate a new ODF, which is the result transformation of the initial ODF. The new ODF is
created in a new “job” for the same “sample” as the initial ODF. Next, you can make a
calculation of the new pole figures (the pole figures after rotations) using the APF calculation.

There are two kinds of transformations:

e Sample Frame Rotation;

e Crystallites/Planes Rotations.

ODF Transformation (Rotation) x|

— Project — Sample
| Demo | 280-bernd
— Crystal Symmetmy —Sample Syrmetny
0 [Cubic) | Orthorhorbic
% Sample Frame Rotation " Crystalites/Planes Fotations

Build Botations Model

—Euler Angles

1 D ¥ Chooze Ratation Model
[-360 - 360) [-180-180] [-360 - 360)

[T 8o 5[0 = -

Optiohz
i Diraft % Medium Quality " High Quality
[~ Reversed Spin W Triclinic =.s. [Output ODF)
START Cancel |
Tranzformation Progress
Lo
Fig. 41.
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9.1. Sample Frame Rotations

By using the dialog “Sample Frame Rotations”, the user can rotate the sample frame.
This option is very important if the user would like to see the pole figures for another
(different) sample position. The user can also change the sample symmetry for the
transformed ODF.

Example 1:

You want to see the pole figures for the perpendicular surface in relation to the surface which
was measured:
ND

RD or LD

Sample Axis Definition
Initial

ND
RD or LD

TD

Sample Axis Definition after
Frame Rotation (0,90,0)

Figure 42.
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Fig 43. ODF for the initial axis definition. Sample: Ferrite — triclinic sample symmetry
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Fig. 44. ODF after frame rotation : (0,90,0). Sample: Ferrite — triclinic sample symmetry
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Figure 45.

Pole figures:

the first row: pole figures for the Ferrite sample (triclinic sample symmetry),

the second row : pole figures calculated from the ODF after the frame rotation: (0,90,0)

for a Ferrite sample (triclinic sample symmetry)

the third row: pole figures for the <111>fiber model

the fourth row: pole figures calculated from the ODF model after the frame rotation: (0.90.0)

FERRITE-t-I

RD

FERRITE-t-I FERRITE-t-I 11

RD RD 1.0

Min=0.370
Max=2.516
2005/10/20
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Example 2

Levels

49.6
385
209
11.9
6.0
1.0

Min=0.000
Max=53.124
2006/03/16

Fig. 46. Initial Pole Figures and ODF — Cubic component.
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Fig. 47. ODF and pole figures after the transformation of the frame (45 degrees, Phi axis) -

pole figures and ODF with Goss Component.

9.2. Crystalites /Planes rotations.

If you would like to make a rotation of some crystallites in the sample and observe the change
of the pole figures and the ODF, then you should make this transformation in three steps:

1) A preparation and creation of a model for the crystallites rotations.

2) A transformation of the current ODF using the model for the crystallites rotations.

3) A calculation of the pole figures from the new (transformated) ODF using the
option “APF Calculation”.

For the preparation of the model for the crystallites rotations you should:

e click on the menu item “ODF Transformation” in the menu “Modelling”
and next,

e select the radio button “Crystallites/Planes Rotations” and finally,
e click on the button ‘Build Rotations Model”:
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x
— Project —Sample
| amodel2 | FERRITE-H
— Crpstal Spmmetny — Sample Symmetmny
O [Cubig) | Triclinic
™ Sample Frame Fotation ' Cstalites/Flanes Rotations
Build Rotations Model /
— Euler Angles
#i D ¥ Choosze Rotation Model
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=l =l =] -
= | = | = ROTT =~
Optionz
" Diaft = Medium Guality " High Quality
[~ Reverzed Spin ¥ | Triclinic =2, [Dutput ODE]

START | Cancel |

|' Transformation Progress

| Lo

Fig. 48. Crystalites /Planes rotations — dialog window.

In the rotation model, you can select from up to 10 texture components, for which you set:

= the ranges of the Euler angle around the center of the orientation — only the
crystallites whose orientation lies inside the marked area of the Euler space will be
rotated. LaboTex will automatically make calculations for all the symmetrically
equivalent positions of the orientation.

= the "hkl" vector — the crystallites will be rotated around this vector;

= the rotation angle — the angle about which the crystallites will be rotated around
the ‘hkl’ vector.,

= the percent of the rotated crystallites (from 0 to 100%).
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Save Transformation Model | Cloze

Fig. 49. Rotations model — dialog window.

When you select all the parameters of your rotation models, then click on the button “Save

Transformation Model”. You can define any name for your model.

In the second step, you should select the rotation model from the “Choose Rotation Model”

combo box.

Next, you can select the quality of the calculated ODF:

draft (a poor quality ODF — a high speed of the calculation)
medium quality (a medium quality ODF and a medium speed of the calculation)

high quality (a high quality ODF and a low speed calculation).

You can also change the spin of the rotations.
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0ODF Transformation (Rotation) ﬂ
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Fig. 50. The choice of rotations model

In the last step, you start the transformation calculation by clicking on the “START” button.

O0DF Transformation {Rotation) X|

— Project - Sample
| amodel2 | FERRITE |
— Crystal Summetry———————————————— [~ Sample Symmetry
O [Cubig) | Tricliric
~ Sample Frame Rotation ¥ Crystallites/Planes Fotations
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Options
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START \ Cancel |
o

Transformation Progress
( | oo x

Fig. 51. The ODF transformation calculation — start calculation
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Example:

The building of a model ODF using the model ODF dialog (Menu “Modelling”, item “ODF Model”)
with {001}<100> as the main component.

RD
111
APF
,4./// W
()
) ;/’;;'“- ///—\ :
Sample-f

We can show a crystallite with the orientation {001}<100> for this model sample :

ND
ﬁ RDor LD
>TD
SAMPLE

Fig. 53.

{001} — plane perpendicular to ND , <100> direction parallel to RD/LD.
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Next, we want to rotate all the crystallites lying near the {001}<100> orientation about 45
degrees around the vector <001> (<hkl>):
e First, we select {001}<100> from the ‘Texture Component’ combo box as No. 1
(the No.1 texture component should be ‘On”).
e As we want to rotate only the crystallites lying near the {001}<100> component, we
can turn off the rest of the texture components (No. 2 to No. 10 should be ‘Off”)
e Select the Euler angles ranges: 25 degrees
e The <hklI> vector around all the crystallites belonging to the chosen area of the Euler
space should be rotated: <001>
e The rotation angle = 45 degrees
e The percent of the crystallites(planes)= 100% (all the crystallites in the range +/-

25degrees for the {001}<100> orientation and for all the symmetrical points)

Rotation Model - Project: amodel2 Sample:Cube Job:1 5[
Builded Models  [Models | Step [0B0  Diagram Range +/+ [450  CP
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| 1 1
a a “

080 of - [2500 450 050 |&Bi- [500 450 0,50 af = [500 450
| Hetstions Pareneters Range of Euler Angles R otation Yectar Rotation 2 of Upturned
Mo Texture Companent On " - ) h K | Angla - F'Iaies
|T{n 01k 1 00> cube R B =T | 25.00 | 25.00 o #[o =1 =]EE = o =%
2 |I{ 180.00, 10.00. 0.00} x| Jioo Jiog Jio.o OO | | e | =
"3 |[T 90001000, 000 CubeTD -] I [i00 Jiog Jioa R N I I | I | =
"4 |[T 27000, 1000, 0. | C Jioo oo Jioo [1 = =] =lfz0 =lf 10 H=
5 [ 00 fter = T Jriber Jioo Jino IR | IO | EE | = B
g |[iber . 0.00; 2000 st | T Jfier Jiog Jioa [1 =01 =] 1 =lfz0 =lf 100 H*
7 [T 0001500, 000k CubeRDT <] T 100 oo Jioo IR ) R Y R | O | =
i IDEEEEEE | C oo Jio0 Jioo IR D Y D | L | IR
ST BTt = T Jiiber Jino Jino IEa A | R | B | EE =%
_10f[¢ 20.00. 0.00. 000 CubeND | I [10.0 Jioo Jino R | 2 | | R | =

‘wharning: Only Crystallites/Planes Inzide Region Around Choszen Texture Component and it Spmmetrical Equivalent Positions are Botated.

Sawe Transformation Model | Cloze I

Fig. 54. Rotations model — dialog window.
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We can thus show the same crystallite after the model rotation <001>45°;

45°

RDorlD /RDorLD
» 10

ND

SAMPLE

Fig. 55.

where the {001} plane is perpendicular to ND and the <110> direction is parallel to RD/LD

o

. | il

\_ /

-
Sample-f

—1

Fig. 56. ODF and pole figure {111} after a model transformation: <001>45°. The main component in the
transformed ODF is {001}<110>
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In this example, we can show the same crystallite as in Figure 53 after the model rotation
<111>30°%

ND
A
RD or LD
5
W S
2
> TD
SAMPLE
Fig. 57.
RD
| 111
® APF
92 G
-9 @)
Sample-f

Fig. 58. ODF (not symmetrical) and pole figure {111} after the model transformation: <111>30°
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Example transformation: <111>45° for a lower symmetry than the cubic symmetry.

Sample:

component: cubic {100}<001>
crystal symmetry : tetragonal
sample symmetry: orthorhombic
cell angles: 90,90,90

relative cell parameters :

a=1,b=1,c=10 a=1,b=1,c=2 a=1,b=1,c=0.5 a=1,b=1,c=0.1

111
APF

TD

mod mod mod mod1

Levels

45.1
331
21.1
15.0
6.0
1.0

Min=0.000
Max=48.016
2006/03/19

mod modl

Fig. 58b. Tetragonal crystal symmetry. {001}<100> component for different c/a ratios (first row) and after a
model transformation: <111>45° (second row)
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10. Pole figures — texture component model

We can find the texture component model which describes the experimental pole figures. This is an example of
how to use LaboTex to determine the volume fraction of the texture components by analysing the pole figures
and the ODF:

Levels

11.7
10.6
9.5
8.4
73
6.2

Min=0.022

.. P .« . Max=12.636
Aluminium-o-I Aluminium-o-I Aluminium-o-I 200603115

In the first step, we have to find the main texture components. For this purpose, we use the

orientation analysis:
|+++ Y | 05 |

We can use both methods : automatic and manual.
Automatic method (SORT)

In the automatic method, LaboTex uses the texture components from the database. First,
LaboTex calculates the average pole figure values (the arithmetic mean of the poles) for each
component from the database, on the basis of the pole figure values for all the symmetrically
equivalent orientations of the component. In the next step, LaboTex sorts the average pole
figure values for all the components from the database. When you press the 'SORT' button

Sort [ fAuto | F'rf:vl Mt:xtl |

then you can see all the components from the database and their average pole figue values.

PF values for orientation from Database (Sort by PF ¥alue) ﬂ
Symmetry : 0-Cubic
 Orientation Typ r~ PF values for poles of orientation [HEKLJ[UVw]———
No Orientation Type Mame PF [average) = [ FF - Value
P 3 HEL=111  RPF Sample: Aluminium-o-|

249 3548 12421
853 1879 437
547 185 3190

5 2687
HEL=100  RPF Sample: Aluminium-o-|
646 5.0 4,968
734 3169 4433
il 197.2 5.234
HEL=110  RPF Sample: Aluminium-a-|
246 75 E.454

597 40 5,628

£6.2 157.1 2562

724 215 2 068

? o % 4.2 97.4 2.257

HKLIU W) A PF (sum) Eel: i Lo

[ E | 325 46 08 £0.433
[226)232] 03 1450 1237 60433
2262 32] 703 3 2R3 60433
[B-32)-2-23] 434 734 1166 60433
[ 232 32] 325 E4.6 2884 60433
[-326)-2 32] 703 143.0 3037 60433
[3E2)2 23] 434 1066 334 60433
2633 22] 325 E4.6 1984 60433
[36€-2)-2-23] 434 106.6 1534 60433 LI
mna 210 14c2 cnaam

0K I Cancel |
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In the lists on the left, you can see the average pole figure values for the component (top list)
and the pole figure values for each symmetrically equivalent orientations of the component (a
sum of all the poles, bottom list). In the list on the right, you can see the values for each pole
of the component (when you click on the symmetrical equivalent of the component). When
you have more than one pole figure chosen in the container, then LaboTex shows the average
values for the poles from all the pole figures. Next, you can check whether all the maximas in
the analyzed pole figures are described by the texture components.

‘ Al | iU affi | =uu |

Crostallographic Systern and Cell Pars

[352][2-23] -

Sort | Auto | F'rf:vl Ne

I{ 36 Z}JTexture Cormponent

LaboTex displays a cross mark (+) in the place where the poles for a selected orientation of the active
component lie ( {132}<6-43> in the case below):

Levels

11.8
10.9
9.9

Min=0.022

<. P . . Max=12.636
Aluminium-o-I Aluminium-o-I Aluminium-o-I 200610318

LaboTex displays cross marks only for one symmetrically equivalent orientation. If you
would like to see the place in the ODF where another symmetrically equivalent orientation
lies, then you select it from the Combobox. Analogically, you can change the texture
component which is displayed by LaboTex. When you have found the maximum which is not
described by the components from your database in LaboTex, then you should find this
component using the manual method. Next, you should add this component to your database
in LaboTex.

Manual method
You can use the "Near {HKL}<UVW=> Orientations" dialog to find new components by means of the
manual method. You should click the left mouse button in the local or global maximum of the pole

figure in which you would like to find the texture component. You can also select the item "Near
{HKL}<UVW=> Orientations" from the menu ‘Analysis" :
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Near {HKLJ[U¥W] Orientations |
FF [HELJUW W] | Aty | Misarientation
W NN 7401 038 116 .
B443 T 0 297 83450 500 23
12826 [1 012 3-2] 433 450 900 £.40
12438 (1 011 3-1] 252 450 500 1193
9147 [1 011 4-1] 195 450 3500 17.67
B133 [3 122 4-1] 150 577 1084 20.96
BOE3 [3 022 4-3] 420 5E3 500 11.09
5932 [14 11371 1-1] 519 472 941 17.54
BE952  [15 1141 1] 521 470 938 17.81
5962 (14 115)1 111 577 431 859 1781
b ax. Walue af Miler Indice = I 15 3:

LaboTex displays the near orientations sorted by the average value of intensity of the pole figures, the
miller indices or the misorientation. You can change the type of sort by clicking on the appropriate
button.

First approximation

After step 1, we have found that we can describe the maximas of the analyzed pole figures
using the components:

e {132}<6-43>
e {112}1 1-1>
e {1463}<2 1-1>
e {110}1-12>
e {123}4 12>

Next, you should open the dialog for the determination of the volume fraction of the texture
component by the model function method, using the icon as shown below:

The dialog window helps you with the least-squares’ fitting of the model functions into your
ODF and with the creations of the model ODF nearest to the experimental ODF. In the
calculation, LaboTex automatically uses the following parameters from the analyzed
experimental ODF:

e crystal symmetry;
e sample symmetry;

o cell parameters;
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e grid cell.
These parameters are greyed and the user can't change them.When you start the dialog window,
LaboTex calculates the average ODF values for the components and sorts the components using the
average ODF values. Hence the component No. 1 is the component which has the greatest average

ODF value. LaboTex also sets the initial parameters for the model functions:

o distribution (set to 'Gauss");
e FWHM for ®;, ® and ®; (all set to 10.0 degrees);
e Volume fraction and background (the initial values set on the basis of the average

ODF values of the components).

You can start the calculations or you can change the initial parameters.

Quantitative Analysis - Model Functions Method - Proje 5'

Crystal Symmetr Sample Symmetr Grid Cells for Qutput ODF Step Ig_5g

{ O (oubic) ( et B { 5050 ||| stememierzmess [0

Centre of Orientation Centre of Orientation Centre of Orientation
100.0% 100.0% 100.0% I T o
FWHM P, - fiber 050 FwRmM®l- oo 450 050 FweM@ - fioo 450

No Teslure Component On Distibuion  Fyhm ) FWHMED Fwrm g Yolme Show Sym Eq

|T|<1 T 1> fiber = P [Fes Ffieer fion oo [ Hx [ 11 fber |
2|1 005 fiber | P Gass ffiber im0 oo [E = # L ion Mode

3 |[Tber . 000, Z0.00) test o e | e ] o = ’7 B et S E

— o utomatic nce
4 |[(fiesr . 100, 24.00} | P [Gass |ffeer 100 7z 2=

T5 |3 ¢ atiomr =] @ [Gass |ffeer [100 5 = % Mo Iteration Number: [~ 7000 3
g |[¢3 325 fioer | ¥ [Gaus =|[feer [t 7 = % Max. FitEver % (+1000) 100

T |[E e der =] =[G |ffeer  [i0D0 |‘HJ[I [ = l—
| SEEES =| ¥ [Fawss |fieer  [ion oo [ 2 == fteraion:
3 | 155 e =l [Fae fieer  ion oo [ 2 = x FitErer= (1000
10]f< 2 07> fiber | ¥ [Gauss |l oo oo [ 2 H= Fit Caloulation Progress

= %

'7_ Ma_“‘ [rientation Set |Set fiom Databass (sot by || Save Curent Set Escbod I £ |

Linearity
Change Initial Parameters I Start Wolume Fraction Calculation I Exit Exit and Show

When you clic on 'Change Initial Parameters', then new options are available.

Quantitative Analysis -

Model Functions Method - Proje

x|

Symmetr

Crystal Sample Symmetr Grid Cells for Dutput ODF Step W
’7 2 [mrtey ’7 e j‘ ’7 IE'UX5 v j‘ Diagram Range +/- IW
Centre of Orientation Centre of Drientation Centre of Orientation
100.0% - 100.0% l 100.0% ' T,O
I —
FWHM® - fiber 050 FwHM® - [jo0 450 050 FWHM$: - fjog 450
Mo Testure Component On  Distribution  FwHM % - FwWHM £ }’Eg{:";‘ Show Sym. Eq.
[ 7T 1 Ter =] ¥ [Gaws w|fieer o0 00 93 % [ 1 T fer =
2T n e =] FGauss wfieer 100 00 03 =% oeiston Made
il(hhar . 0.00, 2000} test 2 2 CERE | = N i = [ & Automatic  Oree
4 |[{fiber . 1.00. 2400} | M [Gaws |fiber 00 o0 [z H =z
G 7| W [Gauss wfiber 100 00 T8 =z Max lerstionNumber: [T 1000 =
R 7] [Gauss =l [100 [100 77 =% Max FtEwor 000 [ 00 =
T [ e | ¥ [Gawss >ffiber oo oo [ 3 =%
B =1 ¥ [Gaws |fiber 00 [o0 | 2 =% eration:
8|4 115> foer =l @ [6ass wlffeer  [00 [0 | 2 = % DtEnes(1000)
10{[< 270 7 er =] F G x|k oo [ino [Tz =% Fit Calculation Frogress
7 Ma Orientation Set Im Save Cument Set Eackoeind I = e |
Lirearity

Fig Initial Parameters |

Startiolume Fraction Calculation |

Exit Exit and Shoyw
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You can:
e change the texture component (using the suitable Combobox);
e turn on/off the component from the calculations (using the suitable
Checkbox);
e et the kind of distribution (Gauss or Lorentz);
e set the initial FWHM for each Euler angle;
e set the initial volume fraction of the component.

The three diagrams in the dialog window show the model function for each Euler angle, for
the chosen component. You can change the selection of the component by clicking on the 'No'
button. In the case of the axial sample symmetry, only the ® and ®, Euler angles are essential
and available. You can magnify the plot of the model function by changing the slider position.
Now, you should set the texture components from 1 to 5, which you found in the previous
step. You should turn off the following components, 6-10, from further calculations.

Quantitative Analysis - Model Functions Method - Project: Aluminium Sample:Aluminium-o-I Job:2 1[
Crygtal Spmmetm Sample Symmetry Grid Cells for Dutput ADF Step IU ]
O [Cubic) IDrthorhombic VI IE.U"E 1} 'I Diagram Fange +/-
5 Centre of Orientation Centre of Orientation Centre of Orientation
100.0% 100.0% 100.0% l T
1
p p
050  FWHM® - 00 450 050 FwHmd - o0 450 050  FWHME =[O0 450
istrbuti ol
No Texture Component On  Distribution  FWHM £ - FwHM Fﬁagwoen Show Sym. Eq.
1f[{1 32k 643587 | M [Gauss w|[ioo fioo oo [Tz % (1 32k 643051 |
_2|{1 T2k 1 1 a4 | W Gauss wffton fion [0 [ 3 S E e e
11 48k 2 113 A2 | [ |Gausz = ||100 100 100 17 = %
_3| J o I JI I I I j &+ Automatic " Manual
af[f1 1012 aB | ¥ |Gauss r[jtoo fron oo 8 H
s |[f1 23k e 12 Al =] ¥ [Gawss ~Jion [0 100 76 =% Maw terstionNumber: [ 7000 =
I?I{ 110k 0015 A5 x|~ IGauss | [ J1o.0 10,0 [ 5 Hz M FitErrorZ["1DDD]:| 100 3:
H EEEEEEE i Bl RN | N I EEC = —
g|[f7 12 15 A =] I [Gauwss <Jio0 oo [ioo [ 15 = Herafion
AR =] r [Gauss [io0 oo oo [ 1z 3 % Fit Enors (1000
0[e4 1ERT 21> J o R | N N EEC = Fit Caloulation Progress
Back, d | 10 4
I? Ma.x_ Orientation Set |Set from Database (zor by j Save Current Set | S I
Linearity
Fixt Initial Parameters | Start Wolume Fraction Caleulation | E it I Exit and Shaws
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You can save the current set of components by clicking on the "Save Current Set" button:
ws r|liber oo i
FEERREA ) F

}
' 'l Save EunentSetl ©

Crark i faliirnes Crmmbian

You can accept the file name proposed by LaboTex or you can set another file name - for example ‘axial.SET:

Zapizz v IEWDHK j = 5§ ER-
a8 SET10,5ET SET3.5ET
#]SET11.5ET SETS.SET
istoria ] SET13.5ET SET6.SET
] SET14.5ET SET7.5ET
o ] SET15.5ET SETE.SET
Pulpit ] SET16.5ET SET9.5ET
o ] SET17.5ET ] TiiSET
i) #]SET18.5ET
Mo dokine . RIS EREE
] SET2,5ET
] SET25.5ET
<] []
Mazwa plil.u; IaxiaI.SET ﬂ Zapizz |

Zapisz jako b I Set Files for Q.Analysiz [*5ET) j Anuluj |
i

LaboTex remembers this set and you can input it by the selection from the list of Combobox:
The default set (the set proposed by LaboTex when the dialog starts) is a set built on the basis
of the database sorted by the ODF value:

Orientation Set ISet frarm D atabaze [zort by j

When you have finished the setting up of the initial parameters, you should click on the "Fix
Initial Parameters" button :

Fis lrutial Parameters |

Now you can set up the last two parameters of the fitting calculation:
e the Maximal Number of Iteration (default is 1000);
e the Maximal Fit Error in percent (where the fit error is the relative error
between the model and the experimental ODF). You should input the value
of the error multiplied by 1000 into LaboTex (the default is 100 => 0.1%).
These parameters are essential when LaboTex is in the 'Automatic’ mode. This mode is
default .

Calculation kMode
|V &+ Automatic " Once
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In this mode, LaboTex finishes the calculation when the number of iteration is greater than
the maximal number of iteration, or when the fit error is lower than the maximal fit error. The
second mode of the fitting calculation is 'Once’. In this mode, LaboTex creates a model ODF
on the basis of the initial parameters of the selected texture components and next, it calculates
and displays the fit error. The user can change the initial parameters and start the calculation
once more. This is the 'manual’ method of fitting. You can start the fitting calculation by
clicking on the "Start Volume Fraction Calculation" button:

Start Wolume Fraction Calculation |

LaboTex displays the number of iteration and the fit error during the calculation. You can also
observe the fit calculation progress:

b &, Iteration Humber ; 993
bd &, Fit Error 2 [*1000] ; I 100 3

[teration : I 253

Fit Error: [1000]: | 13630,

Fit Calzulation Progress

Click on the "Calculation Break™ button to break the calculation at any time:

| Calculation Break I

Next, you can change the initial parameters and start the calculation once more.
When LaboTex has finished the calculation, it displays the diagrams for each Euler angle,
where it shows a comparison between the model and the experimental ODF. There are two
modes of comparison diagrams:

e Normal ('Norm.");

o Difference ('Diff.").
You can change the mode by clicking on the button ‘Norm." or 'Diff.".
In the 'Norm." mode, LaboTex displays the diagrams using the following colours:

Model | e Dblue (blue area) - for the experimental ODF around the center of the
Expet. | symmetrically equivalent orientation of the component (the diagrams
Backgr are shown for each Euler angle);

_Nom | e red (red line) - for the model ODF;

e Dblack (black line) - for the background of the model ODF (‘random'
texture component).

Centre of Orientation

100.0%

fo)

-45.0 45.0
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In the 'Diff." mode, LaboTex displays the diagrams using the following colours:

e Dblue (blue area) - for the common area of the experimental and the
% model ODF;

- e red (red line) - for the non-common area of the experimental and the
M model ODF;

e Dlack (black line) - for the background of the model ODF.

Centre of Onentation
100.0% | T

The Figure below shows the complete dialog window with the diagrams for the {1 4 6}<2 1 -
1> component in the 'Norm." mode.

Quantitative Analysis - Model Functions Method - Project: Aluminium Sample:Aluminium-o-T Job:1 5'
Crystal Symmety—————— — Sample Symmetry—————— — Grid Cells for Qutput ODF———————— Step Iu ]
’7 O [Cubic) ’7 IDrthorhombic 'l ’7 |5.U"5.U 'I Diagram Pange +/-
Centre of Origntation Centre of Origntation Centre of Orientation
100.0% 100.0% 100.0%
Model |
Exper. |
[Backgr. |
Morm, |
-45.0 450 -45.0 450 45,
MNa Texture Companent On Digtribution  FWHM £ - FWHM {2 \F‘Eg'{:‘:n Shaw Syr. Eq.
1[[F1 32k 643557 | FfRauss || 128 | 1@ | 123 [ 35 = % || 2925 B6E7. 9.46](SymEa) x|
| R | P fRauss ] 269 | 120 | 143 [ 32 HZ o ihion Made
i =
B =] @ [Gaws [ 61 [ 118 [ 1zz [ 18 = { B
N R | P fRauss -] 83 | 84 | 82 [ 2 H=
Te|[F1 23K 4 T2 Al I 2 8s [1a0 [88 [ 7 =% Max herstion Number: [ 100 =
G|[f1 1ok 00 AS A P e Al a8 | 87 | 64 [ 7 = % Maw FiEvorz (oo [ 100 =
TFzEirz 46554 =] r [Gaws <[ 00 [ 100 [ 1oo [ & % —
8|21 3nz 64553 = I [Gaws <[ 100 [ 100 [ oo [ e % Heration:
o[ 2kt 705 copper =] = [Fawss <[ 100 [ 0o [ 100 18 = % FitEno% (1000): fadal.
Ll BEEEEEE | T f5auss =] 100 | oo | o100 [z H= Fit Caloulation Progress
IEn:;iZI Orientation Set |Set from Databage [zort by J SaveEurrentSetl B I lllllllllllllll
Change |nitial Parameters | Start Yolume Fraction Caloulation | E it and Showl
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The Figure below shows the complete dialog window with the diagrams for the {14 6}<2 1 -
1> component in the 'Diff." mode.

Quantitative Analysis - Model Functions Method - Project: Aluminium Sample:Aluminium-o-T Job:1 1'
Ciystal Sy Iy Sample Sy iy Grid Cells for Output ODF Step [|5[|
’7 8] [Cubic) ’7 Ortharhombic ’7 |5.D*5.D x Diagram Range +/-
Centre of Orientation Centre of Orientation Centre of Orientation
100.0% 100.0% 100.0%
[Good |
. 450 -45.0 45.0 45,
Mo Texture Component On  Distibution  FWHM - FWHM % g{?ﬁ‘g{‘“; Show Sym. Eq.
1 |{1 32K 6 -4 3>5- = |7|Gauss =l 123 | 13 | 123 | 3 H % |[ 29.25, 5667, 9.46](SymEq) x|
A R | P jGass ] 268 [ 120 [ 149 [ Hx o e bede
3 = v =
[ [ sz ez =] @ [Fas [ E1 [e [zz [ 5 ( & swomate Mol
aflfT 10k T2 AR | Fjeass ] 93 | B4 [ B2 [z H=z
T5 |1 23K 4 12 Al Sl R =l 88 141 [88 7 =% bar herstionNumber: [ 1000 =|
g[f1 100015 85 7| [Rauss [ 96 [ 67 [ B4 [T = % Max Fit Eror <1000 1w =
KR =] [Fawss =J[ 00 | wo [ oo [ & o= =
8|z 132653 =] I [Gaws =] 00 [ oo [ wo [ 16 3= erztion
8|7 12Kk 1 170 comer =] [ [Gaws =] 100 [ 100 [ 100 | 15 =] # FitEwor(1000): 74zt
1| EEEEEE x| T JGauss || 100 | 100 | 100 22 :|/ Fit Calculation Progress
4ot i o tiom Doty =] _sme s | |29 Mo - INNNENNEEENEN
Change Initial Parameters | Start Yolume Fraction Calculation | Exit | Exit and Showl

You can select any symmetrically equivalent orientation from the “Show Sym. Eq.”
Combobox, to display the comparison diagrams:

Show Sym. Eq.
[(1 4812 115 a2 =]

The component {1 4 6}<2 1 -1> is weak, hence the quality of the diagrams is poor.

Centre of Orientation

-

You can change the magnification of the component plot using the slider. The value in the left
corner of the diagram shows the percent of the maximal ODF value.

Centre of Orientation

-45.0 45.0
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The comparison between the 'experimental’ and the calculated ODF for the {1 4 6}<2 1 -1>
component exhibits a greater complication of the experimental ODF. In the following

approximation of the ODF, we can correct this difference.

Finally, we receive the results of the calculation:

LaboTex - Texture - Quantitative Analysis Report
User: Ozga

Project: Aluminium

Sample: Aluminium-o-I

Job: 2

Date:2006/03/18

Time:18:28:32

Volume FWHM FWHM FWHM
Fraction Phil Phi Phi2 Orientation

Component No 1 - Distribution :Gauss

374 12.6 12.0 125 {1 32}<6-43>S5-1
Component No 2 - Distribution :Gauss

345 29.7 11.9 157 {1 12}<1 1-1>Al4
Component No 3 - Distribution :Gauss

18.2 19.0 12.2 136 {1 46}2 1-1>AI2
Component No 4 - Distribution :Gauss

2.3 9.6 104 105 {1 10}1-12>AI3
Component No 5 - Distribution :Gauss

0.1 5.9 9.3 91 {1 23}41-2>Al1
Component No 6 - Distribution :Gauss

0.4 6.2 11.7 63 {1 10}<0 0-1> AlI5

6.98  Background Volume Fraction

Next, we can make the pole figure calculation from the model ODF and make a comparison
between the experimental (first row) and the model (second row) pole figures.

Aluminium-o-I

Aluminium-o-I

Aluminium-o-I

Aluminium-o-I

Aluminium-o-I

Aluminium-o-I

Min=0.022
Max=12.636
2006/03/19
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We can also make a comparison between the sections of the pole figures as in the example
below, for the (111) pole:

12.0 -

-

“Experimental” (left) and model ODF (right):

D

You can add new components (or replace one component by two components) and build a

more complicated model, on the basis of the differences between the calculated and the
‘experimental’ pole figures or the ODFs from the previous step.
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11. Pole figure conventions and errors in determining the orientation

Selecting the plot convention of the pole figures does not change the calculated ODF,
while the selection of the registration convention can lead to changes in the ODF and errors in
determining the orientation. The images below show two sets of pole figures which are
rotated about 90 degrees between themselves, analogically to the case with the wrong choice
of the registration convention (the start from 'RD’, instead of the start from "TD")

A)
Levels
1.7
16
15
14
13
12
12
1.1
1.0
038
0.6
05
e e s Min=0.422
i N i TR Max=1.789
29cl1a+90 29¢1a+90 2003/10/31
B)
Levels
17
16
15
14
13
12
12
1.1
1.0
0.8
0.6
05
NG S : Min=0.420
S P o BT [ S Max=1.792
29clalll-new 29clalll-new 29clalll-new 2003/10/31

Fig. 59 Two sets of pole figures differing in rotation, analogically to the case with the wrong choice of the
registration convention (rotation about 90 degrees)
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The plots of the ¢, projection of the ODF calculated on the basis of each set of pole figures are shown in
Figures 60A and 60B. As you can see, in Figure 60A, the maximal values of the ODF are for a different
component than in Figure 60B. In the first case, you can find the component (110)<1-12> (Brass) in the
maximum of the ODF, while in the second case, you can find the component: (101)<-1-11>. The cross marks on
both images indicate all the symmetrically equivalent orientations of the (101)<-1-11> component. The
measurements of the Texture Standards from LaboSoft s.c. with the triclinic sample symmetry can be very
helpful in adjusting the pole figures convention. It is very important for the exclusion of serious errors.

A)

29c¢la-new-a
Levels

Max=3.612
Min=0.119
2003/10/13

§ — -~ . - f ~ N
D T e S

B) J S I_‘.(,, o

s 4
[ [
.‘,_/___/.\V_/_/—!«"/——' PN A Levels
g T~ bl

\ q « CR Max=3.678
| B N - B LY. ax=3..
S D e e =y [ e T //!:/)(J'rﬁ Min-—0.142
- S T 7 2003/10/13

S— AN 7_/\ — o < L ,f- P 2 T 0 w0 @
PN ":}\ i —\
¥

D B0
= 2| A& =500
[ __/j_' B /—f""—/—‘

4:( s —

[ = ™ - 20

. __
o1 - -,._7\I (. il [

N\

(-

Fig. 60. ODFs calculated from two sets of pole figures differing in rotation, analogically to the case with the
wrong choice of the registration convention (rotation about 90 degrees)
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