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1. Theory and Models 

The theory, the texture model, and the principles of the X-TEX method can be 

found in detail in [1] (in English) and [2] (in Hungarian). 

The most important items: 

Schematic figure of the experimental geometry and some notations: 

 

Fig 1.1. Schematic figure of the X-ray diffraction measurement geometry. 𝒦L = {𝑋, 𝑌, 𝑍} is the 

laboratory coordinate system, 𝒦s = {𝑥, 𝑦, 𝑧} is the specimen coordinate system, 𝜃B is the Bragg 

and 𝜂 is the azimuth angle of the scattered beam. 

In the (2𝜃B, 𝜂) direction the diffracted X-ray intensity is proportional to the volume 

fraction of grains oriented in such a way that their hkl planes fulfil the Bragg's law, i.e. 

the 𝒆ℎ𝑘𝑙  normal vector of the hkl plane is pointing in the 𝒔ℎ𝑘𝑙  direction (Fig.1.2). 

 

Fig 1.2. Illustration of the Bragg's law. DS is the Debye-Scherrer ring, 𝒌0 and 𝒌 are unit vectors 

in direction of the incoming and the scattered beams, 𝒈ℎ𝑘𝑙 is the diffraction vector, 𝒔ℎ𝑘𝑙 is the 

unit vector in the direction of the diffraction vector. 
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Their relative volume fraction in the X-TEX method is obtained by assuming a Gaussian 

distribution of orientations around the ideal orientation of the ith texture component: 

𝛹𝑖 = 𝐴𝑖 ∙ exp (
−(𝑠𝑥 − 𝑒𝑥

′𝑖)2

2Δ2
) ∙ exp (

−(𝑠𝑦 − 𝑒𝑦
′𝑖)

2

2Δ2
) ∙ exp (

−(𝑠𝑧 − 𝑒𝑧
′𝑖)2

2Δ2
) = 𝐴𝑖𝐺𝑥𝐺𝑦𝐺𝑧 (1.1) 

where Δ2 is the variance of the distribution and 𝐴𝑖 is a normalization factor taking into 

account the 𝑓𝑖 ∈ [0,1] volume fraction of grains belonging to the ith texture component: 

𝐴𝑖 = 𝑓𝑖 ∫ ∫ 𝐺𝑥𝐺𝑦𝐺𝑧

𝜋

0

𝜋

−𝜋

⁄ sin 𝜗 d𝜗d𝜑 (1.2) 

where 𝜗 and 𝜑 are polar coordinates. 

The 𝒔ℎ𝑘𝑙 vector is the unit vector in the direction of the diffraction vector of (2𝜃B, 𝜂): 

𝒔ℎ𝑘𝑙 =  
1

2 sin(𝜃B)
(1 − cos(2𝜃B) , sin(2𝜃B) cos(𝜂) , sin(2𝜃B) sin(𝜂)) (1.3) 

where 𝜃B is the diffraction angle of hkl planes according to Bragg's law and η is the 

azimuth angle of the scattered beam. The 𝒆ℎ𝑘𝑙  vectors are the unit vectors normal to the 

crystallographic hkl planes. In the X-TEX method 𝒆ℎ𝑘𝑙  vectors for cubic (simple cubic, 

face-centered cubic, body-centered cubic, diamond), hexagonal and trigonal crystal 

systems are allowed currently. 

The ideal orientation of a texture component, 𝑅̂(𝜑1,𝛷,𝜑2) 𝜖 𝑆𝑂(3) is interpreted as a three-

dimensional rotation matrix with z-x-z convention: 

𝑅̂(𝜑1,𝛷,𝜑2) =  𝑅̂𝑧(𝜑1)𝑅̂𝑥(𝛷)𝑅̂𝑧(𝜑2) (1.4) 

where the Eulerian angles 𝜑1, 𝛷 and 𝜑2 describe the rotation between the crystallographic 

and the sample coordinate system 𝒦s. The specimen orientation in 𝒦L is described by 

another rotation matrix with Z-X-Z convention: 

𝑅̂(𝛼,𝛽,𝛾) =  𝑅̂𝑍(𝛼)𝑅̂𝑋(𝛽)𝑅̂𝑍(𝛾) (1.5) 

where 𝛼, 𝛽 and 𝛾 are the Eulerian angles of the specimen rotation in 𝒦L. Rotating the 

specimen by 𝛼, 𝛽 and 𝛾 angles, the normal vectors of the hkl planes for an ideal 

orientation of the ith texture component will be 

𝒆′ℎ𝑘𝑙
𝑖 = 𝑅̂(𝛼,𝛽,𝛾) 𝑅̂

(𝜑1
𝑖 ,𝛷𝑖,𝜑2

𝑖 )
𝒆ℎ𝑘𝑙 . (1.6) 

The total intensity of the hkl reflection in the (2𝜃B, 𝜂) direction including the contribution 

of the random texture component is: 

𝐼(2𝜃B,𝜂)
tot = 𝐿𝑃 (∑ ∑ |𝐹ℎ𝑘𝑙|

2

{ℎ𝑘𝑙}𝑖

𝛹𝑖 +
𝑓r

4𝜋
∑ |𝐹ℎ𝑘𝑙|

2

{ℎ𝑘𝑙}

) = ∑ 𝐼(2𝜃B,𝜂)
𝑖

𝑖

+ 𝐼(2𝜃B,𝜂)
r  (1.7) 
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where 𝑓r is the volume fraction of the random texture component, 𝐿𝑃 is the Lorentz 

polarization factor, 𝐹ℎ𝑘𝑙 is the structure factor and the {ℎ𝑘𝑙} summation goes over 

permutations of the hkl indices. 

The total intensity obtained by integrating the intensity distribution over an [𝜂min, 𝜂max] 

interval: 

𝐼(2𝜃B)
tot = ∫ 𝐼(2𝜃B,𝜂)

tot

𝜂max

𝜂min

d𝜂 =  ∑ 𝐼(2𝜃B)
𝑖

𝑖

+  𝐼(2𝜃B)
r . (1.8) 

The intensity contributions for hkl peaks provided by grains belonging to the ith texture 

component are described with the 

𝜒ℎ𝑘𝑙
𝑖 = 𝐼(2𝜃B)

𝑖 𝐼(2𝜃B)
tot⁄  (1.9) 

intensity ratios. Peaks are considered to correspond to the investigated texture component, 

if their intensity ratio is larger than a chosen threshold value 𝜒0. 

In the X-TEX method, the goal is carrying out such diffraction measurements in that the 

measured diffraction peaks correspond to one texture component. 

2. General Information 

2.1 What is the X-TEX software? 

Based on the principles and equations outlined above, a computer program called 

X-TEX has been developed for planning diffraction experiments in order to measure 

diffraction peaks mainly corresponding to one texture component with minimal intensity 

contribution of other alien texture components, i.e. we would like to measure peaks 

having as high 𝜒ℎ𝑘𝑙
𝑖  values as possible. The diffraction peaks measured in this way are 

characteristic of the examined texture component in question so that the microstructure 

of the examined texture component can be characterized separately from the other 

components by evaluating peaks with any standard X-ray line profile analysis technique. 

Using the X-TEX method, it is possible to characterize the microstructure of different 

texture components separately. 

2.2 Installing the X-TEX 

There is no need any special installing procedure, just download the latest version 

of the X-TEX software from the website (http://metal.elte.hu/~berci/X-TEX.html), 

extract the actual .rar file (X-TEX-2021-released.rar) and copy/replace the whole 

http://metal.elte.hu/~berci/X-TEX.html
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extracted X-TEX directory to whatever the place you want to use it on your computer. 

The X-TEX directory and the whole content of it can be seen in Fig. 2.1. 

 

 

Fig 2.1. The content of the directory of the X-TEX software. 

The application named X-TEX is the main software, it is the control panel which makes 

several subroutines work (more details later). Do not delete any content from this 

directory, otherwise the software won’t work. You can create shortcuts for X-TEX 

application. For example, for desktop shortcut: right-click on the X-TEX application and 

select Send to > Desktop (create shortcut). Then there will be an X-TEX icon on your 

Desktop with which you can easily start the X-TEX control panel in the future. 

2.3 About the control panel 

The X-TEX software has multiple possible functions to carry out your aims and 

make your work easier. These functions are: pole figure plot, detector image plot, 

diffraction pattern plot, texture refinement, calculating Schmid factors and a scanning 

function for finding optimal sample orientations (more details later). On the control panel 

of the X-TEX (Fig. 2.2) all parameters are in one place, but also well separated 

corresponding to the different functions for the sake of the transparency. In the Usage 

section we will go through the usage and the specifications of all functions in detail.  The 

control panel writes the corresponding parameters from the panel into some files, and the 

buttons on the control panel make subroutines work with those files (more details later).  

The control panel program is written in C# programming language and works in Windows 

operation system only. On the control panel helpful tooltips shows up when the cursor is 

on the labels of the parameters and buttons. 
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Fig 2.2. The control panel of the X-TEX software. 

2.4 System/program requirements 

- Windows operation system (Windows 7, Windows 8, Windows 10) 

- .NET framework (version 4.6 or later) 

Error message if the framework is not sufficient: 

  

- gnuplot software added to the Windows Environmental Variables 

You can find in the Appendix how to add the gnuplot to the environmental variables. 

Error message if the gnuplot is not added to the environmental variables: 



6 

 

 

- There are not particular constraints to the processor and RAM requirements. The X-TEX 

uses modeled texture which allows fast calculations, so there is no need serious hardware 

performance. 

2.5 Subroutines 

As mentioned above, the X-TEX control panel makes subroutines work. The 

subroutines wrote in C++ programming language. The subroutines are: 

 

Fig 2.3. Subroutines of the X-TEX software. 

You cannot use these subroutines directly, you can only from the control panel make them 

work with the corresponding button on the panel, e.g. the Plot Pole Figure button starts 

the "x_tex_pole_figure.exe" subroutine. The control panel also creates some files in your 

project directory containing the necessary parameters for the subroutines (more details 

later).   

2.6 Necessary directories and files 

There are two necessary directories for the X-TEX (as you can see in Fig. 2.1): 

1) Projects 

2) Materials_Data 

Do not delete these directories, otherwise the software won’t work. 

The Projects directory contains subdirectories and the files of your projects (more details 

later). These files are for the subroutines. The control panel writes the corresponding 

parameters from the panel into these files, and the buttons on the control panel make 

subroutines work with these files, so you don’t have any business with these files. 
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2.6.1 Materials_Data 

The Materials_Data directory contains three files which are necessary for the X-TEX: 

 

Fig 2.4. Contents of the Materials_Data directory. 

These files basically form a material database containing the necessary information about 

the atomic scattering factors of elements, crystal systems and lattice parameters. These 

files are freely editable if you want to add a new element or material. 

2.6.1.1 Atomic scattering factors file 

The scattered X-ray intensity in the (2𝜃B, 𝜂) direction is calculated by Eq.1.7. This 

equation contains hkl dependent elements, such as the 𝐿𝑃 is the Lorentz polarization 

factor, or the 𝐹ℎ𝑘𝑙 structure factor. Note that these elements do not play roll when you 

determine the 𝜒ℎ𝑘𝑙
𝑖  values in Eq (1.9), which is essentially the most important parameter 

of the X-TEX method. With 𝜒ℎ𝑘𝑙
𝑖  value you can basically divide the scattered intensity of 

the hkl peak according to the texture components, and the elements in question (𝐿𝑃 and 

𝐹ℎ𝑘𝑙) are the same for the different intensity contributions of a hkl peak originated from 

different texture components. In other words, 𝐿𝑃 and 𝐹ℎ𝑘𝑙 matters only when you want 

to compare peaks with different hkl indices (at different 2𝜃B Bragg angles), e.g. in case 

of detector images and patterns containing different hkl peaks, or in case of texture 

parameter refinement procedure based on X-ray diffraction measurements with  different 

hkl Debye-Scherrer (DS) rings (more details later). The 𝐿𝑃 factor can be calculated by a 

simple formula (see later), we are focusing on the 𝐹ℎ𝑘𝑙 structure factor now. The structure 

factor depends on atomic positions: 

𝐹ℎ𝑘𝑙 = ∑ 𝑓𝑛 exp(2𝜋𝑖(ℎ𝑥𝑛 + 𝑘𝑦𝑛 + 𝑙𝑧𝑛)) ,
𝑛

 (2.1) 

where sum is over all atoms in the unit cell, 𝑥, 𝑦, 𝑧 are the coordinates on the n-th atom, 

and 𝑓𝑛 is the atomic scattering factor of the n-th atom.  

The 'x_tex_atomic_sc_f_data.dat' file in the Materials_Data directory contains 

atomic scattering factors for lots of atoms (Fig. 2.5). The X-TEX software uses this file 

for the structure factor calculations. This file is freely editable (even with a simple 



8 

 

notepad) if you want to add more scattering factors of materials. For this, just add another 

line to the end of the list (or insert the new line between two existing lines) in a proper 

form. 

 

Fig 2.5. Content of x_tex_atomic_sc_f_data.dat file (opened with Notepad++). 

The first item in a line is the name of the atom/material, and the next 16 items (separated 

by Tab or Space from each other) are the atomic scattering factors at 0.0, 0.1, 0.2, … 1.5 

values of sin 𝜃/𝜆[Å], where 𝜆 is the wavelength of the X-ray beam in Ångström. You can 

easily find atomic scattering factor values in different databases or even with a simple 

search on the internet. The current atomic scattering database in Fig 2.5 comes from [3]. 

The atomic scattering factors of X-ray diffraction depends on the 𝜃 scattering 

angles, as it can be seen in Fig 2.5. In this file basically the atomic scattering factors are 

listed as a function of certain values of different 𝜃 angles. However, for the measured hkl 

reflexions we need the atomic scattering factor values at values of sin 𝜃B/𝜆[Å]. The 

X-TEX software uses a spline interpolation for this calculation (Fig.2.6), because the 𝑓(𝜃) 

function is monotonous and smooth. 

For the same material with different crystal structure you need to repeat the same 

line with the same atomic scattering values but with different material name, e.g. alpha 

iron with bcc crystal structure and gamma iron with fcc structure (line 31 and 32 in Fig 

2.5). You cannot use "Fe" as name for both structures in the 'x_tex_atomic_sc_f_data.dat' 
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file, since the software search the lattice parameters and crystal systems based on the 

name of the material (see later in the crystal data section).  

 

Fig 2.6. Illustration of the atomic scattering factor (asc) calculations of hkl reflexions. The red 

crosses are the asc values at certain 𝜃 values given in the 'x_tex_atomic_sc_f_data.dat' file, the 

green line is a spline for interpolation according to the red spots and the blue dots are the asc 

values at the 𝜃B Bragg angles of the measured hkl peaks according to the applied X-ray 

wavelength.  

 In line 33 in Fig.2.5, you can see an example to a high entropy alloy (HEA) 

(CoCrFeMnNi). Since HEAs have (almost) equal proportions of elements, the average 

atomic scattering factor values of their elements can be used. 

The structure factor in some simple cases can be expressed by simple formulas. For 

example [3,5]: 

- fcc, face-centered cubic 

 

(2.2.a) 

- bcc, body-centered cubic 

 

(2.2.b) 

- sc, primitive cubic (simple cubic) 

 
(2.2.c) 
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- dia, diamond cubic 

 

(2.2.d) 

- hcp, hexagonal close-packed 

 
(2.2.e) 

The X-TEX software uses these simple formulas only if the crystal structure (see next 

section) is fcc, bcc, sc, dia or hcp, and the name of the material can be found in the atomic 

scattering factor file (x_tex_atomic_sc_f_data.dat). 

 However, in more complex cases, especially when the unit cell contains different 

type of atoms, e.g. NaCl, CaCO3, Fe2O3, ZnS, AlNi3 and so on, X-TEX can use Eq.2.1 

for calculating the structure factor if the correct atoms and their positions inside the unit 

cell are defined in an 'atomic_positions.dat' file. See more details in chapter "Atomic 

positions/coordinates". 

2.6.1.2 Crystal data file 

The 'x_tex_crystal_data.dat' file in the Materials_Data directory contains the 

needed information about the crystal system and lattice parameters of materials (Fig. 2.7). 

This file is freely editable if you want to add more materials to the list. For this, just insert 

the new line of your material to the end of the list or between two existing line in a proper 

form. 

 The first item in a line is the name of the material (MN), which can be totally 

arbitrary (it is not necessary to be in the 'x_tex_atomic_sc_f_data.dat' file).  

The second item in a line is the name of the crystal system type of the material. 

X-TEX can handle cubic, hexagonal and trigonal crystal system types only. 

The allowed names for crystal systems in the 'x_tex_crystal_data.dat' file are: 

cubic, fcc, bcc, sc, dia, hcp, hexagonal, tri. 

As mentioned above, X-TEX uses simple formulas for calculating structure factor in case 

of fcc, bcc, sc, dia and hcp, so it is not necessary to specify the atomic positions. In these 

cases, the name of the material (MN) in 'x_tex_crystal_data.dat' also has to be in 

'x_tex_atomic_sc_f_data.dat' file, since the atomic scattering factors of the MN has to be 
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known. In other cases (cubic, hexagonal, tri) X-TEX can use only the Eq.2.1 for 

calculating the structure factors and the atomic positions must be specified in an 

'atomic_positions.dat' file (more details in atomic positions/coordinates section). 

The third and fourth items in a line are the 𝑎 and 𝑐 lattice parameters of the crystal 

system. Note that if there is no 𝑐 lattice parameter (in case of cubic systems), zero 𝑐 values 

must be used. 

 

Fig 2.7. Content of x_tex_crystal_data.dat file (opened with Notepad++). 
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2.6.1.3 Material list file 

The 'x_tex_material_list.dat' file (Fig.2.8) in the Materials_Data directory 

contains the names of the materials (MN). This file is simply a repetition of the first 

column of the 'x_tex_crystal_data.dat' file. The control panel of the X-TEX loads this 

file to choose a material from the list. 

If you create your proper database with 'x_tex_atomic_sc_f_data.dat', 

'x_tex_crystal_data.dat' and 'x_tex_material_list.dat' files (and 'atomic_positions.dat' 

files when needed), then the only thing you have to do for your work in the future is 

choosing a material on the control panel. 

 

Fig 2.8. Content of x_tex_material_list.dat file. 

2.6.2 Atomic positions/coordinates 

For your all works you must choose a material name (MN) from the material 

listbox on the control panel. As mentioned above this list loads from the 

'x_tex_material_list.dat' file. The 'x_tex_crystal_data.dat' file must contain MN as well 

with the corresponding crystal parameters. If the name of the crystal system is fcc, bcc, 

sc, dia or hcp, and the 'x_tex_atomic_sc_f_data.dat' file also contains MN then the 

structure factor will be calculated by simple formulas (Eq.2.2a-e). For example, the 



13 

 

mentioned conditions for Ti can be seen in Fig. 2.9. In this case, the MN, i.e. Ti, is in 

both, the crystal data and the atomic scatterning factor files and the name of the crystal 

system is hcp, so Eq.2.2e is used for 𝐹ℎ𝑘𝑙. 

 

Fig 2.9. Illustration of the case when it is not necessary to specify the atomic positions. Ti from 

the list on the control panel is also in the crystal data file with hcp crystal system name, and Ti 

is also in the atomic scattering factor file. In this case Eq.2.2.e is used for 𝐹ℎ𝑘𝑙 calculation. 

However, if the name of the crystal system is cubic, hexagonal, tri, or the 

'x_tex_atomic_sc_f_data.dat' file does not contain MN then the structure factor will be 

calculated by Eq.2.1 therefore the atomic positions must be specified. An example for 

this case can be seen in Fig.2.10. for CaCO3 (calcite). If the name CaCO3 from the control 

panel list would not be in the 'x_tex_crystal_data.dat' file, we would get fatal error 

(crystal system and lattice parameters are unknown). If the name CaCO3 is in the 

'x_tex_crystal_data.dat' with the proper crystal parameters, then the software checks 

whether CaCO3 is also in the 'x_tex_atomic_sc_f_data.dat' file with the corresponding 

atomic scattering factor values. In our case, the name CaCO3 cannot be found in the 

'x_tex_atomic_sc_f_data.dat' file. Then the program checks whether a file named 

'atomic_positions.dat' exist in your project directory (more details about the project 

directory in the Projects section). If the 'atomic_positions.dat' file cannot be found, we 

get fatal error (structure factor calculation is not possible without atomic coordinates). If 

'atomic_positions.dat' file is found, the software check whether the atomic names in the 
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'atomic_positions.dat' file is in the 'x_tex_atomic_sc_f_data.dat' file. If not, we get fatal 

error (atomic scattering factors for Eq.2.1 must be known). If all atoms from the 

'atomic_positions.dat' file can also be found in 'x_tex_atomic_sc_f_data.dat' file, the 

software can calculate the structure factor by using Eq.2.1. 

 

Fig 2.10. Illustration of the case when the atomic positions must be specified in an 

'atomic_positions.dat' file (in the actual project directory). The name CaCO3 in the list on the 

control panel is also in the crystal data file with 'tri' crystal system name. The CaCO3 is not in 

the atomic scattering factor file. In this case Eq.2.1 is used for 𝐹ℎ𝑘𝑙 calculation with the x,y,z 

atomic coordinates from the 'atomic_positions.dat' file, if the atomic scattering factor file 

contains the atoms (Ca, C and O in this case). Atomic coordinates and lattice parameters for 

CaCO3 from: https://materialsproject.org, from CaCO3_mp-3953_conventional_standard.cif 

file. 

The 'atomic_positions.dat' file must contain lines with the name of atom and x 

and y and z coordinates separated by Tab or Space from each other, as it can be seen well 

in Fig 2.10. 

Atomic positions for several materials/crystal system types and some helpful links 

can be found in Appendix A and C. In the Help subdirectory in the X-TEX directory you 

can also find cif files containing atomic coordinates downloaded from 

https://materialsproject.org . 

https://materialsproject.org/
https://materialsproject.org/
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2.6.3 Color code 

You can set an arbitrary color palette for your 2D X-TEX figures (pole figure, 2D 

detector image, scan figure) by using a file named 'colorcode.dat' in your project 

directory. In this file only the first line matters, which must contain the palette code 

according to the gnuplot software. For more information visit the gnuplot website: 

http://www.gnuplot.info/docs_4.2/node217.html  

This 'colorcode.dat' file is not required, if it does not exist, then a default color 

palette is used (Fig. 2.11). 

 

Fig 2.11. The first line of the 'colorcode.dat' file which is basically a gnuplot command line. The 

actual code on the figure shows the default color code for the X-TEX. The color bar 

corresponding to the color code also can be seen. If you use different color code in a file named 

'colorcode.dat' located in the project directory, then you can change this default color bar.  

2.7 Synchrotron and laboratory measurements  

The X-TEX method can be applied for both, laboratory, and synchrotron 

measurements. The theory of the X-TEX method is valid for monochromatic, parallel 

incoming X-ray beam, when the intensity distribution of the diffracted beam produces a 

set of Debye-Scherrer rings on an area detector, i.e. the intensity distribution can be 

described as a function of the 2𝜃B, 𝜂 Bragg and azimuth angles. These conditions are 

usually given in synchrotron and laboratory measurements carried out for line profile 

analysis. Usually in synchrotron experiments transmission, and in laboratory 

measurements reflexion scheme is used. The X-TEX works with both schemes. The 

diffraction geometry can be found in the Experimental section in detail.  

2.8 Basic diffraction concepts 

In this section we summarize shortly the basic diffraction notations and concepts 

to clarify the meaning of expressions in the following. 

In powder diffraction, when a parallel monochromatic beam hit a polycrystalline 

sample, the scattered radiation travels along cone surfaces according to the Bragg's law 

(Fig.2.12). The intensity distribution detected by a two-dimensional detector shows 

diffraction rings (called Debye-Scherrer rings) around the incoming beam axis. The 

scattering angle denoted as 2𝜃, and the azimuthal angle is denoted as 𝜂. The specific 2𝜃 
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angles between the beam axis and the rings are called 2𝜃B Bragg angles.  In accordance 

with Bragg's law, each ring corresponds to a particular hkl Miller index. Note that for 

X-TEX software always need 3-index-notation of Miller indices, i.e. there is no need to 

give the fourth i-index in case of hexagonal or trigonal systems (of course the software 

also calculates with this index when permutates them).  

 

Fig 2.12. Basic diffraction concepts and notations of hkl diffraction rings, pattern and hkl peaks. 

The integration of the 𝐼(2𝜃,𝜂) two-dimensional intensity distribution alongside the azimuth 

angle leads to the 𝐼(2𝜃) one-dimensional diffraction pattern consisting of diffraction peaks 

(Fig.2.12, Fig.2.13). Note that each peak corresponds to a particular hkl Miller index as 

well.  

 

Fig 2.13. Illustration of the peak broadening and the integrated intensity of a peak. 

In theory, narrow diffraction peaks appear at the Bragg angles. However, in the reality, 

the peaks are broadened (Fig.2.13) because of lattice defects and the finite size of the 
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crystal. Actually, this broadening and the shape of the peaks are the basis of line profile 

analysis techniques.  In the X-TEX method, the calculated intensities of the peaks given 

by Eq.1.8, 𝐼(2𝜃B), are the functions of the Bragg angles. This 𝐼(2𝜃B) calculated intensity 

represents the integrated intensity of the real measured peak (the whole area under the 

peaks). Since in the X-TEX plots (2D detector image and 1D pattern) infinitely narrow 

DS rings and peaks would not be illustrative, the rings and the peaks have constant, 

artificial Gaussian type broadening (this parameter can be set by the Δ2𝜃o parameter on 

the control panel). In these plots, the calculated 𝐼(2𝜃B) values refer to the maximum 

intensities of the peaks correspond to the integrated intensity of the measured peaks. 
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3. Usage 

3.1 Projects 

When using the X-TEX software, you must always specify a project directory 

where the control panel saves the parameters (into some files) and from where the 

subroutines can access them. All project directories must be in the 'Projects' directory 

located in X-TEX main directory as it can be seen in Fig.2.1. For using any function of 

the X-TEX software you should specify the name of your project directory on the control 

panel (Fig.3.1) at 'Project Name' textbox. 

 

Fig 3.1. Specifying the name of your project directory (Ti-example) on the control panel. All 

necessary files will be saved into this directory. This directory must locate in 'Projects' directory 

in the X-TEX main directory. 

The name of your project directory can be arbitrary, however you should avoid exotic 

characters. The space character in the name should also be avoided. The most 

recommended characters are English alphabetic characters, numbers and '–' or '_' 

characters. 

When you press any function button on the control panel or the 'Save and Exit' 

button, then a directory with name given in the 'Project Name' textbox will be created 

(created only if it did not exist already) in the 'Projects' directory, and all the files 

containing the parameters form the control panel will be saved into this project directory. 

The names of these created files are: 

- x_tex_experimental_data.dat 
- x_tex_hkl_data.dat 
- x_tex_plot_data.dat 
- x_tex_pole_figure_data.dat 
- x_tex_scan_data.dat 
- x_tex_texture_data.dat 
- x_tex_temp.dat 
- materialname.xtex  
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Note that you don’t have to worry about these files, the control panel writes the 

corresponding parameters from the panel into these files, and the function buttons on 

the control panel make subroutines work with these files, so you don’t have any 

business with these files. 

Using subdirectories are also allowed, if the directories are separated by the '\' 

backslash symbol as it can be seen in Fig.3.2. 

 

Fig 3.2. Using subdirectories are allowed this way. The subdirectories must be separated by 

backslash symbol. 

With 'Open Project' button you can browse and open projects as it can be seen in Fig.3.3. 

With this function, you can continue your work where you left off last time. 

 

Fig 3.3. Opening a project. Browse in the 'Projects' directory, find your project directory and 

choose the .xtex file, then press Open. 
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3.2 Texture component parameters 

In the X-TEX method the texture is modeled by Gaussian distributions of grain 

orientations around ideal orientations of texture components (Eq.1.1). The parameters of 

this model: Eulerian angles of the ideal orientation (𝜑1, 𝛷 and 𝜑2), volume fraction of 

grains belonging to each texture component, FWHM of the Gaussian distribution and 

whether the component belongs to the major or to the minor component. 

For better understanding of the Eq.1.1, let’s see first the Fig 3.4. The normal vector 

of a hkl plane is denoted as 𝒆ℎ𝑘𝑙 . Let’s rotate this plane into the ideal orientation by 

applying Eq.1.4 rotation matrix. Let’s denote the rotated normal vector as 𝒆′ℎ𝑘𝑙  (Eq.1.6, 

but ignoring the sample rotation, we will come back to this later). 

 

Fig 3.4. The illustration of the Gaussian distribution defined in Eq.1.1.  

This hkl plane will only scatter the incoming beam into the (2𝜃B, 𝜂) direction, if the plane 

is oriented such a way that 𝒆′ℎ𝑘𝑙 ∥ 𝒔ℎ𝑘𝑙 condition is satisfied (𝒔ℎ𝑘𝑙  is defined in Eq.1.3, 

this is the unit vector in the direction of the diffraction vector of the (2𝜃B, 𝜂) direction, 

Fig.1.2). This condition is not fulfilled in Fig.3.4 for the ideal orientation of the texture 

component. However, for a real textured polycrystalline material, not all crystal grains 

are oriented exactly according to the preferred orientation, since the preferred orientation 

means that the grain orientations have some statistical tendency around this ideal 

orientation. In other words, the normal vector has a distribution around 𝒆′ℎ𝑘𝑙  direction 

and this distribution is modeled by the Eq.1.1 Gaussian distribution, which can specify 

the relative volume fraction grains oriented as 𝒆′ℎ𝑘𝑙 ∥ 𝒔ℎ𝑘𝑙 . The diffracted X-ray intensity 

in the (2𝜃B, 𝜂) direction is proportional to this value. 
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3.2.1 Eulerian angles of the ideal orientation 

In an orthogonal coordinate system, the unit vectors, 𝒆ℎ𝑘𝑙 , normal to the 

crystallographic hkl planes in cubic or hexagonal (and trigonal) crystals are: 

𝒆ℎ𝑘𝑙 =
1

√ℎ2+𝑘2+𝑙2
(ℎ, 𝑘, 𝑙) or 𝒆ℎ𝑘𝑙 = 𝑑ℎ𝑘𝑙 (

2ℎ+𝑘

√3𝑎
,

𝑘

𝑎
,

𝑙

𝑐
), (3.1) 

where 𝑑ℎ𝑘𝑙  is the spacing of hkl planes and 𝑎 and 𝑐 are the lattice parameters. In the case 

of cubic crystals, the basis vectors of the cells are parallel to the axes of the orthogonal 

coordinate system (Fig.3.5).  In the case of hexagonal (and trigonal) crystals, the unit cell 

is positioned in the following manner: the 𝑎1 basis vector has an angle of 30° with the 

𝑥-axis and 𝑎2 and 𝑐 are parallel to the 𝑦- and 𝑧-axis, respectively (Fig.3.5).  

 

Fig 3.5. The crystallographic coordinate systems of cubic and hexagonal (trigonal) systems and 

the 𝒆ℎ𝑘𝑙 normal vectors of hkl planes expressed in an orthogonal coordinate system.  

We can rotate the 𝒆ℎ𝑘𝑙  normal vectors from this initial orientation described by Eq.3.1 

into the ideal orientation: 

𝒆′ℎ𝑘𝑙 = 𝑅̂(𝜑1,𝛷,𝜑2)𝒆ℎ𝑘𝑙 , (3.2) 

where 𝑅̂(𝜑1,𝛷,𝜑2) is a three-dimensional rotation matrix with z-x-z convention defined in 

Eq.1.4 as 𝑅̂(𝜑1,𝛷,𝜑2) =  𝑅̂𝑧(𝜑1)𝑅̂𝑥(𝛷)𝑅̂𝑧(𝜑2). In other words, the Eulerian angles 𝜑1, 𝛷 

and 𝜑2 describe the rotation between the crystallographic and the sample coordinate 

system 𝒦s.  
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Fig 3.6. The ideal orientation of (𝜑1, 𝛷, 𝜑2) = (90°, 45°, 30°) divided into three basic rotations 

for cubic cell.  

 

Fig 3.7. The ideal orientation of (𝜑1, 𝛷, 𝜑2) = (90°, 45°, 30°) divided into three basic rotations 

for hexagonal (trigonal) cell.  
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The 𝑅̂(𝜑1,𝛷,𝜑2) rotation matrix describes three basic rotations of the Bravais cell one after 

the other in such a way that first rotates the cell (and normal vectors) around the z-axis 

by angle 𝜑2, then around the x-axis by angle 𝛷, and finally again around the z-axis by 

angle 𝜑1, thus characterizing the ideal orientation of the cell in the 𝒦s system of the 

sample. For example, these basic rotations for the ideal orientation of  (𝜑1, 𝛷, 𝜑2) =

(90°, 45°, 30°) can be seen for cubic Bravais cell in Fig.3.6 and for hexagonal (trigonal) 

cell in Fig.3.7.  

The sign of the rotations is also important. The meaning of positive (+) and 

negative rotations can be seen in Fig.3.8. 

 

Fig 3.8. The definition of positive and negative signs of the rotations around a coordinate axis.  

Note that though the trigonal crystal system has different symmetry from the 

hexagonal system, from the point of view of the normal vectors of the hkl planes it can 

be treated the same way, if its cell can be specify as 𝑎 = 𝑏 ≠ 𝑐, 𝛼 = 𝛽 = 90°, 𝛾 = 120°. 

Be careful when you give the lattice parameters and the atomic coordinates of a trigonal 

system. 
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3.2.2 Volume fraction of texture components 

For the Gaussian distributions of grain orientations in Eq.1.1 the 𝑓𝑖 ∈ [0,1] 

volume fraction of grains belonging to the ith texture component, and 𝑓r ∈ [0,1] the 

volume fraction of the random texture component need to be specified. The following 

criterion must be met: 

1 = 𝑓𝑟 + ∑ 𝑓𝑖

𝑖

. (3.3) 

On the control panel only the 𝑓𝑖 values of the different texture components need to be 

given and 𝑓r is a calculated value from Eq.3.3. 

3.2.3 FWHM 

The full width at half maximum (FWHM=2√2ln2Δ) of the Gaussian distributions 

in Eq.1.1 for each texture component needs to be specified. Note that FWHM is not in 

degrees, it is a dimensionless parameter. However, a connection can be constructed if you 

prefer thinking in angles.  

 

Fig 3.9. A modeled pole figure of hkl=002 for Ti applying FWHM=0.5 value on the control 

panel. The width of the pole at half-maximum can be read by using a Wulff net. It is found that 
FWHM=0.5 corresponds to about 30 degree.  

For example, in Fig.3.9 with a Wulff net on a modeled pole figure it can be seen, that 

FWHM=0.5 corresponds to about 30 degree. Carrying out this analysis with several 

FWHM values, a linear correlation between the dimensionless values and the values 

expressed in degree can be found (Fig.3.10). 
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Fig 3.10. Connection between the dimensionless FWHM values and the FWHM values 

expressed in degree. The correlation is roughly a multiplication factor of 57. 

It was found that there is roughly a multiplier factor of 57 between them, i.e. it is the same 

magnitude as between radian and degree. It means that if we know the FWHM value of 

the extension of a pole in degree (e.g. from texture measurement), we need to divide this 

value by 57 and this divided value should be used on the control panel. Or to put it another 

way, every tenth (0.1) means 5.7 degrees. 

3.2.4 Major, minor and random texture components 

In the X-TEX method the texture components are divided into three groups: 

major, minor (or other) and random. 

You can set this on the control panel ('major comp.'). 

If this 'major comp.' parameter is: 

'y', then the texture component belongs to the major texture component. 

'n', then the texture component belongs to the minor (other) texture component. 

(and the remaining fraction of grains belongs to the random component).  

With this feature you can link several texture sub-components belonging to the same 

major texture component in order to be able to describe more complex textures, such as 

fibre texture. 
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3.2.5 Creating the modeled texture 

The texture parameters listed above for each texture component must be specified 

in the corresponding textboxes on the control panel (Fig.3.11). After filling these 

textboxes, use the 'Add' button to add the texture parameters of one texture component to 

the 'Texture Model' listbox. X-TEX only takes into account texture components that are 

in the 'Texture Model' listbox. Create the needed texture model with several texture 

(sub-)components. 

 

Fig 3.11. Creating the modeled texture. Fill the texboxes of the texture component parameters 

(at left) then press the 'Add' button to add these parameters to the 'Texture Model' listbox. 

The 'Clear All' button clears the entire 'Texture Model' listbox. The 'Remove' button clears 

the last texture component from the 'Texture Model' listbox. 

The texture components have a serial number (the number after the '#' character), 

this parameter is not relevant, only matters when editing the parameters with the 'Edit' 

button. You can modify the texture component parameters in the 'Texture Model' listbox 

with the 'Edit' button or with double click on the parameter in the listbox. When you use 

the 'Edit' button, you can edit the [#n]-th texture component of the 'Texture Model' listbox, 

where [#n] is the serial number and can be found next to the 'Edit' button. Set [#n] you 

want to modify, then change the parameter of the [#n]-th texture component in the 

corresponding textbox, then press the 'Edit' button. 
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3.3 Pole figure 

After building the modeled texture, it is possible to plot a pole figure for any hkl. 

This feature is very useful because the theoretical pole figures calculated with the 

modelled texture is visually compared with measured pole figures. This also allows us to 

check the correctness of the specified texture parameters. The pole figures in the X-TEX 

method show stereographic projections and the intensity scale of the poles is in multiples 

of the uniform density (m.u.d). 

 

Fig 3.12. The necessary parameters for plotting a pole figure. 

For pole figure plotting, first you need to specify the 'project name', the 'material', the h,k,l 

textboxes correspond to the pole figure and the 'PF res.' textbox (Fig.3.12). The 'PF res.' 

parameter is the resolution of the pole figure. This number is the number of pixels 

alongside horizontal and vertical directions of the plot. 

Recommended value: 50 (low res.) - 500 (high res.) 

Special values for 'PF res.': 

- if last digit is 1, the pole figure will only show the area of the major texture 

component over 𝜒0 threshold value. (more details later) 

- if last digit is 2, the pole figure will only show the area of the random texture 

component over 𝜒0 threshold value. 
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After specifying all needed parameters, press the 'Plot Pole Figure' button and a 

console application (x_tex_pole_figure.exe subroutine) will show up to calculate and plot 

the figure with the gnuplot software (Fig.3.13). 

 

Fig 3.13. After clicking on the 'Plot Pole Figure' button, a console application and a gnuplot 

figure of the pole figure will show up. 

On the pole figure, the hkl Miller indices of the plot, the minimum and maximum intensity 

values, the corresponding colorbar (can be modify with 'colorcode.dat' as mentioned 

above) and the x and y axis correspond to Fig.3.5 can be seen. 

You can set the maximum intensity of the pole figure with the 'PF max' parameter 

on the control panel. If the maximum intensity of the pole figure is over this value, the 

intensities are limited to this value on the pole figure. If the maximum intensity of the 

pole figure is under this value, then the 'PF max' value will belong to the maximum of the 

color palette (default maximum color is red) instead of the maximum value of the pole 

(Fig.3.14). With this feature you can set the same intensity scale for different hkl pole 

figures. If 'PF max' is 0 or its field is empty, then there is no restriction for the intensities. 

The output files created by the console application can be found in 'PF_data' directory 

in the project directory. These are the data file of the hkl pole figure (this file contains the 

x-y-intensity values of the modeled pole figure), 1D intersections of x and y axes of the 

pole figure (these files contain y-intensity (at x=0) and x-intensity (at y=0) values of the 

modeled pole figure), and png pictures of the hkl pole figures. 

 



29 

 

 

Fig 3.14. The illustration of the 'PF max' parameter. The intensity maximum of the (100) pole is 

1.6. On the left side 'PF max' is 1.4, over this value the pole intensities are limited to this value. 

On the right side 'PF max' is 2, this value belongs to maximum of the color palette (red color). 

3.3.1 Simple textures 

In this section, we will look at an example of a simple texture. The material is Ti 

(hcp crystal system) with two texture components. The ideal orientations of the two 

components: (𝜑1, 𝛷, 𝜑2) = (90°, ±45°, 0°) (one with positive 𝛷, the other with negative 

𝛷). The FWHM=0.5 and vol. fraction=0.4 are the same for both (vol. fraction for random 

component is 0.2), and the #1 component is considered as the major component, and #2 

is the minor (other) component. The hexagonal Bravais cells of these two ideal 

orientations are shown in Fig.3.15.   

 

Fig 3.15. Two hcp cells with two different ideal orientations: (𝜑1 , 𝛷, 𝜑2) = (90°, ±45°, 0°). 
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The modeled (100) and (002) pole figures of this textured Ti example and the control 

panel with the regarding texture parameters are shown in Fig.3.16. and Fig.3.17. 

 

Fig 3.16. Modeled (100) pole figure of the Ti example. 

 

 

Fig 3.17. Modeled (002) pole figure of the Ti example. 
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3.3.2 Complex textures, linking texture sub-components 

In the X-TEX method the texture components are divided into three groups: 

major, minor (or other) and random. The 𝜒ℎ𝑘𝑙 values of diffraction peaks are calculated 

only for this three groups (more details later). This feature is useful because either you 

can calculate the 𝜒ℎ𝑘𝑙 values only for one chosen texture component separated from the 

others, or you can link several texture sub-components belonging to the same major 

texture component (e.g. for modeling fiber textures or such texture components which 

cannot be described with symmetrical Gaussian distribution, but can be approximated as 

the sum of several Gaussian distributions). Let's see three examples. 

As an example, let's look at the texture components formed in equal channel 

angular pressing (ECAP) deformed fcc metals and try to model the texture. ECAP 

deformation results in a strong, characteristic shear-plane (SP) -symmetric texture with 

seven possible main texture components in the material, the different orientations of 

which are shown in Figure 3.19 [6]. The ideal orientations depend on the Φ angle of the 

die, however, the transformation simply involves an additional Φ/2 rotation to 𝜑1.  

 

Fig 3.19. The ideal orientations (black dots) and their notations (A, A,̅ A1
∗ , A2

∗ , B, B̅, C) of texture 

components formed during simple shear deformation for fcc metals in the pole figure (111) [6]. 

The shear plane (SP) is indicated by a red line. 

The literature values of the Eulerian angles of the ideal orientations of these seven texture 

components with and without the die angle (in our case Φ=110°) are shown in Table 3.1 

[6]. The measured (111), (100) and (110) pole figures pole figures of an ECAP deformed 

Cu sample with Φ=110° are shown in Fig.3.20a.  
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Texture 

component 

name 

Eulerian angles of ideal orientation 

FWHM 𝑓𝑖 
major 

comp. 𝜑1+Φ/2 𝜑1 𝛷 𝜑2 

        A1* 90.26 35.26 45 0 0.33 0.1 n 

A2* 19.74 -35.26 45 0 0.33 0.1 n 

A 55 0 35.26 45 0.33 0.2 n 

𝐴̅  235 180 35.26 45 0.33 0.2 n 

B 55 0 54.74 45 0.33 0.05 n 

𝐵̅  115 60 54.74 45 0.33 0.05 n 

C 145 90 45 0 0.33 0.25 y 

Table 3.1. Texture parameters of an ECAP deformed Cu specimen with Φ=110° die angle. The 

Eulerian angles of the ideal orientations are values from the literature for simple shear in fcc 

metals [6].  The FWHM and 𝑓𝑖 volume fraction values are determined from measured pole 

figures of this specimen.  In this case the C component is considered as the major texture 

component and all the rest components are the minor (other). 

Using the literature values of the ideal orientation (and FWHM and vol. fraction values 

listed in Table 3.1), the same hkl modelled pole figures are shown in Fig.3.20b. In the 

X-TEX method the 'major comp.' parameter determines whether a texture component is 

considered to belong to the major component or to the minor (other) component(s). In the 

case shown in Table 3.1, only the 'C' component is considered as major texture component 

(this can be change easily on the control panel). This way the 𝜒ℎ𝑘𝑙 values of the hkl 

diffraction peaks can be determined only for 'C' separated from the other components, i.e. 

𝜒ℎ𝑘𝑙
major

= 𝜒ℎ𝑘𝑙
C , and 𝜒ℎ𝑘𝑙

other = 𝜒ℎ𝑘𝑙
A+A̅+A1

∗+A2
∗+B+ B̅

 (and of course 𝜒ℎ𝑘𝑙
random  for the random 

texture component is also calculated). 

 

Fig 3.20. (a) Pole figures of (111), (100) and (110) obtained from orientation data acquired by 

EBSD on ECAP deformed Cu specimen. The shear plane (SP) is at Φ/2=55° to the x-axis. (b) 

Same pole figures modelled with X-TEX software considering the seven main texture 

components. Note that despite the measured and modelled figures have different color palette, 

the similarity is clear.  
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Another example is an extension of the titanium example from section 3.3.1 

(Simple textures). Some measured hkl pole figures of a rolled and then 10% tensile 

deformed Ti specimen are shown in Fig.3.21 [1]. The (001) pole figure is very similar to 

the modeled pole figure in (Fig.3.17), however the (100) is quite different from the 

modeled one (Fig.3.16). While pole (002) has two maxima, pole (100) is more or less 

evenly distributed along great circles around the basal poles. These major texture 

components cannot be described by only one symmetrical Gaussian distribution (Eq.1.1), 

however each of the two major texture components can be well approximated by sum of 

two Gaussian distributions as subcomponents. The Eulerian angles of these four 

subcomponents: 

#1 major: (𝜑1, 𝛷, 𝜑2) = (90°, +36°, 0°) 

#2 major: (𝜑1, 𝛷, 𝜑2) = (90°, +36°, 30°) 

#3 minor: (𝜑1, 𝛷, 𝜑2) = (90°, −36°, 0°) 

#4 minor: (𝜑1, 𝛷, 𝜑2) = (90°, −36°, 30°) 

The same modelled hkl pole figures using the Eulerian angles of these subcomponents 

are also shown in Fig.3.21 (all texture parameters including FWHM and vol. fractions are 

determined by texture parameter refinement, more details in [1]). The difference between 

the subcomponents of the same major component is in 𝜑2, a difference that ensures a 

slight rotation of the cell around the basal pole. 

 

Fig 3.21. Measured and modelled pole figures of a rolled then 10% tensile deformed Ti 

specimen [1]. The two major texture components are produced by two subcomponent which 

ensures the more or less even distribution of (100).   
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The third example is a fiber texture. The fiber texture cannot be described by the 

Eq.1.1, because it is a symmetrical Gaussian distribution. However, even a fiber texture 

can also be approximated well by linking many texture sub-components. In Fig.3.22, 

some measured [7] and modelled pole figures for a Mg alloy are shown. These figures 

show typical basal fiber texture. Metals and alloys with c/a ratios approximately equal to 

the ideal c/a ratio of 1.633, such as Mg, tend to form basal fiber textures (as in Fig.3.22). 

The (002) basal pole has a well-defined maximum, however the other hkl poles are evenly 

distributed around this (002) pole. It means that there is no ideal orientation of cell in this 

texture, only there is an ideal direction. We can imagine the situation as if the hcp cells 

were randomly positioned, except for the axes of c, which is in the direction of the normal 

of the sheet (z-axis). 

 

Fig 3.22. Measured [7] and modelled pole figures of Mg with basal fiber texture. The modeled 

texture is produced by sum of 12 subcomponents. Note that it is just an illustration, i.e. the correct 

FWHM and vol. fraction values are not known, the goal of this figure is just to show the creation 

of a fiber texture. 

In this case the fiber texture component is approximated by sum of 12 Gaussian 

distributions: (𝜑1, 𝛷, 𝜑2) = (0°, 0°, [0° − 55°]), i.e. the 𝜑2 values of the subcomponents 

vary from 0 to 55 in steps of 5 degrees (all 'major comp.' parameter of the subcomponents 

are 'y' ). 
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3.3.3 Comparing modeled pole figures with measured ones  

You have the opportunity to compare measured pole figures with the modelled 

ones quantitatively. For this, the measured pole figure data file has to be in the project 

directory and its name has to be "pole_figure_data_hkl.dat" for the hkl pole figure (in the 

filename hkl is a number). The measured file must contain three columns: x-y-intensity 

or theta-rho-intensity, where (theta, rho) are the polar coordinates (in deg or radian). The 

x-y-intensity or theta-rho-intensity values must be separated by Tab or Space from each 

other. If a "pole_figure_data_hkl.dat" file is detected (in the project directory) when 

pressing 'Plot Pole Figure' button, first the modelled hkl pole figure shows up, then after 

pressing Enter in the console application, a question appears about whether the measured 

pole figure data are given in polar coordinates (if yes, then a second question about 

whether they are in radian). After answering this question, the measured hkl pole figure 

shows up and the Weighted Sum of Squared Residuals (WSSR) and the Goodness of Fit 

(GOF) values are calculated between the measured and modeled figures. Additionally, a 

figure of the differences between the measured and modelled pole figures shows up too. 

This feature is useful, because it gives an opportunity to check whether the input 

texture data are correct. 

3.3.4 Pole figures with 𝜒0 threshold value  

It was mentioned above, that if the 'PF res.' parameter has special values, then on 

the pole figure we can see the area belonging to the major or the random component over 

a given 𝜒0 threshold value. It means, that the intensities of the pole figure on this area the 

intensity contribution of the major/random texture component is over this threshold value. 

The 𝜒0 value can be set on the control panel: 

 

The special values for 'PF res.': 

- if last digit is 1, the pole figure will only show the area of the major texture 

component over 𝜒0 threshold value.  

- if last digit is 2, the pole figure will only show the area of the random texture 

component over 𝜒0 threshold value. 
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If you choose this option, you can also choose whether you want to plot the area or just 

the boundary line of this area (a question shows up in the console application about this). 

In Fig.3.23 these types of pole figure plots are shown for 23% tensile deformed 

Ti specimen from [1]. The left side of the figure shows the area belonging to the major 

texture component over 𝜒0=75%, or only the boundary line of this area. The right side of 

the figure shows these for the random component over 𝜒0=65%. 

 

Fig 3.23. Modeled (002) pole figures only show the area of the major/random texture component 

over a given 𝜒0 threshold value. Note that in this case there are two texture components, but only 

one of them is considered as major, and the other one is considered as the minor component, 

that’s why there is only one pole for the major component instead of two poles. 

Why is this function useful? Let’s see the Fig.3.24, in which an intersection of the (002) 

pole figure (along x, i.e. TD axis) and the (002), (110) and (100) pole figures with 

boundary lines for the two major and the random component with 𝜒0
major

= 60% and 

𝜒0
random = 40% threshold values are shown. The limit of 40% intensity contribution for 

the random texture component may appear to be a low value, however, as we can see on 

the pole figures, for this 40% limit the scattered intensity stems from grains tilted at least 

30° from the ideal orientation of the major texture components, which is significant. In 
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the case of this Ti specimen, if we measure a hkl diffraction peak with 𝜒ℎ𝑘𝑙
random > 40%, 

then considering this peak belongs to the random component is correct despite the 

apparently low threshold value. This example shows that chasing the highest 𝜒ℎ𝑘𝑙 values 

is not always necessary; though choosing 𝜒0 is arbitrary, you should always consider what 

this threshold value physically means for each texture component. 

 

Fig 3.24. Illustration of the 𝜒0 threshold value for the major and the random texture components 

with 𝜒0
r = 40% and 𝜒0

#1,#2 = 60%. In the (001), (110) and (100) pole figures, the orange line 

indicates the threshold for the major (#1 or #2), and the red line indicates the threshold for the 

random texture component. These boundaries can also be seen in the cross-section figure of the 

(001) pole fiugre alongside the TD axis. The pole figures show that for 𝜒0
r = 40%, grains are 

considered to belong to the random texture component if they are more than 30° inclined from 

the pole maxima of the major texture components. 
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3.4 Plot 2D detector image 

3.4.1 Experimental parameters 

The experimental parameters on the control panel are shown in Fig.3.25. The 

'material' was discussed above in detail, select the investigated material from the 

drop-down list. The 'wavelength' parameter is the wavelength of the X-ray beam in [nm]. 

There are some built-in typical values to help, but any value can be entered. The other 

parameters are explained in more detail below. To do this, let's first look at a figure of the 

experimental geometry (Fig.3.26). 

 

Fig 3.25. Experimental parameters on the control panel. 

3.4.1.1 Experimental geometry 

The schematic figure of the X-ray diffraction measurement geometry was shown 

in Fig.1.1. Fig.3.26 shows the same with more details. The definition of the 𝒦L =

{𝑋, 𝑌, 𝑍} laboratory coordinate system, the 2𝜃 scattering angle and the 𝜂 azimuth angle 

of the scattered beam are also shown in this figure. The scattered radiation is detected by 

two-dimensional (2D) detector(s). In Fig.1.1, the detector appears to be flat, but in fact a 

curved detector is assumed around the sample, as shown in Fig.3.26. The height of the 

detector (in Z dimension with [+𝐷/2, −𝐷/2] size) is denoted by D and the radius of the 

detector (the distance between the origin of the laboratory coordinate system and the 

detector surface) is denoted by R. This geometry works for both laboratory and 
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synchrotron measurements. The X-ray tubes used in laboratories can produce the 

wavelength of the radiation of the order of 0.1 nm, while in the case of synchrotrons the 

wavelength is usually much smaller. Since the Bragg angle of the DS rings depend on the 

wavelength, therefore in laboratories the useful angle range is basically the full angle 

range [0-180 deg], but in the case of the synchrotrons it is much smaller, it can be even 

only a few degrees. Because of this, in the case of synchrotrons, usually flat detectors are 

used, like Fig.1.1 shows. However, the large sample-to-detector distance usually used in 

synchrotrons makes the curved detector a good approximation to a flat detector. In this 

case R is basically the sample-detector distance. In summary: geometry in Fig.3.26 is 

valid for curved detector and a good approximation for flat detector with large sample-

to-detector distances. 

 

Fig 3.26. Experimental geometry. 𝒦L = {𝑋, 𝑌, 𝑍} is the laboratory coordinate system, 2𝜃 is the 

scattering angle and 𝜂 is the azimuth angle of the scattered beam. The scattered radiation is 

detected by two-dimensional (2D) detectors with D height and R radius. The (𝛼, 𝛽, 𝛾) orientation 

of the sample can be adjusted using a sample holder goniometer (G). The red dashed line marks 

the X-Y plane at Z=0.  

Note that whether the detector is curved or flat is only relevant 1) for the 2D 

detector image, 2) for DS integration using a band area, and 3) for the determination of 

the χ values using a band area (more details about integration on a band area later). For 
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synchrotrons the integration of the DS rings and the determination of the χ values usually 

are done according to the 2θ and η variables, and the curvature of the detector does not 

matter at all in these cases. In other words, there is a problem only if you want to 1) 

determine χ values using a flat detector with a small sample-detector distance and the 

integration area is a "band", or 2) make 2D detector image using a flat detector with a 

small sample-detector distance. In all other cases, the geometry shown in Fig.3.26 works. 

3.4.1.2 Sample orientation 

The sample orientation in 𝒦L laboratory coordinate system is described the same 

way as the ideal orientation of a texture component in 𝒦s detailed in section 3.2.1 

(Eulerian angles of the ideal orientation). Initially 𝒦L = {𝑋, 𝑌, 𝑍} laboratory coordinate 

system and 𝒦s = {𝑥, 𝑦, 𝑧} the sample coordinate system coincide, i.e., x‖X, y‖Y and z‖Z 

(Fig.3.27a). The sample (and its 𝒦s system) from this initial orientation is rotated in the 

laboratory 𝒦L system according to the sample orientation used in the X-ray diffraction 

measurement. This rotation is described by a three-dimensional rotation matrix with 

Z-X-Z convention defined in Eq.1.5 as 𝑅̂(𝛼,𝛽,𝛾) =  𝑅̂𝑍(𝛼)𝑅̂𝑋(𝛽)𝑅̂𝑍(𝛾), where 𝛼, 𝛽 and 𝛾 

are the Eulerian angles of the sample rotation in 𝒦L. 

 

Fig 3.27. (a) The initial sample orientation and (b-d) some examples for the (𝛼, 𝛽, 𝛾) sample 

orientations.  

The 𝑅̂(𝛼,𝛽,𝛾) rotation matrix describes three basic rotations of the sample one after 

the other in such a way that first rotates the sample around the Z-axis by angle 𝛾, then 



41 

 

around the X-axis by angle 𝛽, and finally again around the Z-axis by angle 𝛼, thus 

characterizing the sample orientation in the 𝒦L. The initial sample orientation and three 

examples for sample orientations are shown in Fig.3.27.  

3.4.1.3 Lorentz-polarization factor 

The 𝐿𝑃 Lorentz-polarization factor in Eq.1.7 can be set by the parameter 

'LP(2θm)' on the control panel. 𝐿𝑃 = 𝐿 ∙ 𝑃 is the combination of the 𝐿 Lorentz part and 

the 𝑃 polarization part. 

- The polarization part is: 

𝑃 = {

1 + cos2(2𝜃M)cos2(2𝜃)

1 + cos2(2𝜃M)
,               𝑖𝑓 𝐿𝑃 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑖𝑠 2𝜃M                             

1,                                    𝑖𝑓 𝐿𝑃 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑖𝑠 0.

 (3.4) 

In Eq.3.4 𝑃 =
1+cos2(2𝜃M)cos2(2𝜃)

1+cos2(2𝜃M)
 is the polarization factor when monochromator is used 

in the case of unpolarized X-ray beam [4,8], where 2𝜃M is the Bragg angle of the 

monochromator crystal (in degrees).  In Eq.3.4 𝑃 = 1 means a polarized beam. 

If you want to model a synchrotron measurement with polarized beam, then leave 

the 'LP(2θm)' empty or use 0 value. In other case 'LP(2θm)' is the 2𝜃M value. 

- The Lorentz part is: 

𝐿 =
1

sin(𝜃)
 (3.5) 

The Lorentz correction factor includes three different terms [4]:  

𝐿 = 𝐿1𝐿2𝐿3 = (
1

sin(2𝜃)
) (cos 𝜃) (

1

sin(2𝜃)
), but the last term is considered by the 

integration of the DS rings, so in this case it is 𝐿 = 𝐿1𝐿2 =
cos 𝜃

2 sin 𝜃cos 𝜃
~

1

sin(𝜃)
. Note that 

𝐿𝑃 does not play roll when you determine the 𝜒ℎ𝑘𝑙
𝑖  values in Eq (1.9), because for the same 

hkl 𝐿𝑃 is also the same. 𝐿𝑃 only matters when different hkl peaks or rings are compared, 

e.g. texture refinement based on many hkl rings. 

3.4.1.4 Detector parameters 

First, we need to define the horizontal and vertical dimensions of the detector 

image. The vertical limits of the 2D detector image are given by the detector height (D) 

parameter (in Z dimension with [+𝐷/2, −𝐷/2] size). Beyond that, nothing is visible from 

the DS rings in the vertical direction. However, calculating the horizontal limits is trickier, 

the left and right image limits are calculated based on minimum and maximum of the 2θ 

and η azimuth angles given on the control panel. The 'min 2θ' and 'max 2θ' values at Z=0 
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(along the red dashed lines in Fig.3.26) determines the horizontal limits of the detector 

image, also considering that the [min η, max η] range must be visible in the image. DS 

rings are only calculated in the [min 2θ, max 2θ] and [min η, max η] range in the detector 

image. In short: the area of the detector image which limited by the [min 2θ, max 2θ] 

range, the [min η, max η] range, and D, is always visible. The minimum and maximum 

azimuthal angle also plays an important role in defining the integration limits of the DS 

rings (more details later). The allowed 2θ range: [0,180 deg], and the allowed η range: 

[0,360 deg] or [-180,180] (both can be used, but the angular difference between max η 

and min η cannot be greater than 360 degrees).  

DS rings should not be calculated over the whole detector surface because they 

only have a significant intensity near the ring, away from the ring the intensity is zero. 

Therefore, it does not make sense to calculate the rings in the full 2θ range, because this 

would slow down the program runtime. The 2θ angular range where the intensity of a 

specific Debye-Scherrer ring is calculated and plotted can be set by the '2θ° range' 

parameter on the control panel. The ring is calculated in the ±
2θ° range 

2
 area. 

As it was mentioned in the basic diffraction concepts section, infinitely narrow 

DS rings and peaks (intensity only at the exact 2θB Bragg angle) would not be illustrative, 

so all the rings and peaks have artificial Gaussian type broadening with the same width 

(which has nothing to do with anisotropic peak broadening). This parameter can be set by 

the 'Δ2θo' parameter on the control panel and this parameter means the FWHM of the 

Gaussian function of the broadening. In other words, the intensity in each (2𝜃B, 𝜂) point 

of the DS ring is calculated using Eq.1.7. However, it means only one not zero intensity 

value along 2θ, at the 2θB Bragg angle. Therefore, near the DS ring, a Gaussian function 

is used to achieve non-zero intensity not only at the Bragg angle. Note that this artificial 

width is no relevant, it is just a visual element and the intensities calculated by Eq.1.7 or 

Eq.1.8 represent the maximum intensity of a ring or a peak, i.e. the maximum value of 

the Gaussian function. Set this 'Δ2θo' parameter to large if you prefer thick rings or small 

if you prefer thin rings, this will not affect to the maximum intensities of the rings or the 

integration in Eq.1.8 along the η azimuth angle. 

The 'detector resolution' is the number of pixels alongside horizontal and vertical 

directions of the image. 

The 'int. band' parameter is used to specify azimuthal integration mode and range 

of the hkl DS rings, by which you get the hkl peaks from rings (more details later). 
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The 'contrast' parameter is just a visual parameter to enhance the visibility of the 

integrated area in the detector image (more details later). 

3.4.1.5 hkl list 

The hkl Miller indices need to be specified in the 'hkl list' for 2D detector image, 

1D diffraction pattern and the 𝜒ℎ𝑘𝑙 values (Fig.3.28). In the 'hkl list' each line must contain 

a certain hkl. Negative values for the Miller indices are not allowed, because the software 

calculates all the permutations of hkl values including negative values, so you don't have 

to worry about that, just use the conventional powder diffraction hkl notation. In other 

words, the hkl values refer to a crystal plane family and not a specific plane.  It also means 

that always 3-index-notation of Miller indices is used, i.e. there is no need to give the 

fourth i=-(h+k) index in the case of hexagonal or trigonal systems. Two-digit indices can 

be specified by using comma to separate them, e.g. 1,1,12. 

 

Fig 3.28. The hkl list and hkl help. 

There is a 'hkl help' drop-down list below the 'hkl list' that helps you to specify 

possible hkl values for some crystal systems (Fig.3.28). If an item from this drop-down 

list is selected, the 'hkl list' will be populated with the corresponding hkl indices. Note 

that it is not the crystal system selected in this drop-down list that determines the crystal 
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structure of the material, the crystal system should be specified in the 

'x_tex_crystal_data.dat' file as mentioned above (in section 2.6.1.2 Crystal data file). 

3.4.2 Detector images 

A detector image (DS rings) can be plotted in order to be able to compare 

calculated and measured X-ray diffraction data visually. For this, the experimental 

parameters and settings as well as the hkl indices of the peaks to be plotted need to be 

specified. The intensity in each (2𝜃B, 𝜂) point of the DS rings is calculated using Eq.(1.7). 

In this section, some examples for calculated 2D detector images according to the 

texture and the experimental parameters are shown. After specifying all needed 

parameters, press the 'Plot 2D Detector Image' button and a console application 

(x_tex_detector.exe subroutine) will show up to calculate and plot the detector image with 

the gnuplot software (Fig.3.29). You can zoom in the 2D image with the right mouse 

button. Press Enter in the console application to close the image and the console app. 

 

Fig 3.29. After clicking on the 'Plot 2D Detector Image' button, a console application and a 

gnuplot figure of the 2D detector image will show up. 

In Fig.3.29, the control panel, the console application and the detector image are 

shown for the ECAP deformed Cu from section 3.3.2 with the mentioned seven texture 

components. The experimental parameters used for the detector image can be seen on the 

control panel. In Fig.3.30-3.35 the illustrations of some experimental parameters using 

this Cu specimen are shown. 
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Fig 3.30. The illustration of the detector height, D, the scattering angle, 2θ, and the azimuth 

angle, η, in the 2D detector image for the ECAP deformed Cu specimen. The red dashed line 

marks the X-Y plane at Z=0. The hkl indices of the DS rings are also shown. Note that DS rings 

are not concentric rings, because of the cylindrical shaped detector. 

 

 

Fig 3.31. The schematic figure of the values of the 2θ and η parameters. The allowed 2θ range: 

[0,180 deg], and the allowed η range: [0,360 deg] or [-180,180] (both can be used, but the angular 

difference between max η and min η cannot be greater than 360 degrees). 
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Fig 3.32. The illustration of how the 'min η' and 'max η' experimental parameters affect to the 

detector image using different values. The DS rings are only calculated in the [min η, max η] 

range. Note that these 'min η' and 'max η' parameters have an important role in the integration of 

the DS rings as well. 

 

 

Fig 3.33.  The illustration of how the 'min 2θ' and 'max 2θ' parameters affect to the detector 

image using different values. The 'min 2θ' and 'max 2θ' values at Z=0 (along the red dashed lines) 

determines the horizontal limits of the detector image, also considering that the [min η, max η] 

range must be visible in the image. Furthermore, the DS rings are only calculated in the [min 2θ, 

max 2θ] range.  
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Fig 3.34. The illustration of the detector resolution using two different values. 

 

 

Fig 3.35. The illustration of the 'Δ2θo' parameter using two different values. 

 

In Fig.3.36 a detector image of a real diffraction measurement and the calculated 

detector image are shown for the Cu specimen with (𝛼, 𝛽, 𝛾) = (70°, 90°, −55°)  sample 

orientation.  
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Fig 3.36. Measured and calculated 2D detector image of the ECAP deformed, textured Cu. 

 

3.5 Calculating 𝝌𝒉𝒌𝒍 values, plot 1D pattern 

3.5.1 Specifying the integrated area 

The integration of the 𝐼(2𝜃B ,𝜂) two-dimensional intensity distribution (Eq.1.7) 

alongside the η azimuth angle leads to the 𝐼(2𝜃B) one-dimensional (1D) diffraction pattern 

consisting of hkl diffraction peaks. The total intensity obtained by integrating the intensity 

distribution over an [𝜂min, 𝜂max] interval is defined by Eq.1.8. This [𝜂min, 𝜂max] interval 

can be specified by the 'int. band' parameter on the control panel. The 'int. band' 

parameter can be zero, positive or negative. If it is zero (or empty field), then 'min η' and 

'max η' experimental parameters are used as integration limits for all hkl rings, i.e. the 

area of the integration is a circular sector. If not zero, then according to the (+) or (-) sign 

of this parameter, an integration band located on +Y or -Y side determines the [𝜂min, 𝜂max] 

integration limits for all hkl rings (Fig.3.37). The full height of the band is the absolute 

value of the 'int. band' parameter. The former is a common mode of integration in the 

case of synchrotrons, while the latter in the case of laboratory measurements. Of course, 

in both cases the [min 2θ, max 2θ] range is also taken into account, i.e. there is no 

integration outside this range. 
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Fig 3.37. Illustration of the detector location when it is positioned on +Y or -Y side. 

 

3.5.2 Plot 2D detector image with the integrated area 

The integrated area, whether it is a band or a circular sector, can be highlighted in 

the 2D detector image by checking the 'show int. area' checkbox on the control panel. If 

'show int. area' checkbox is checked, the DS rings are calculated on the whole area of the 

detector image (not just in the [min 2θ, max 2θ] and [min η, max η] range) and the 

integrated area is highlighted in such a way, that the value of the 'contrast' parameter is 

added to the intensity distribution. It is therefore advisable to choose a value for this 

parameter of about 1-10% of the maximum intensity (shown in the color palette). Note 

that in the 2D detector image over the limits of the detector height the rings are not plotted, 

however it does not mean that the integration is not executed in there. The integration is 

carried out in the [min 2θ, max 2θ] and [min η, max η] range, and the [min η, max η] 

range can be specified by the 'int. band', 'min η' and 'max η' parameters as mentioned 

above. In Fig.3.38 and Fig.3.39 the detector image of the ECAP deformed Cu are shown 

using band and circular sector, respectively. 
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Fig 3.38. The 2D detector image when the integrated area is a band positioned on the +Y or -Y 

side and the height of the band is 20 mm. 

 

 

Fig 3.39. The 2D detector image when the integrated area is a circular sector, i.e. the 'int. band' 

parameter is zero and 'min η' and 'max η' parameters are used as integration limits for all hkl 

rings. 

 

3.5.3 Plot 1D pattern 

The 1D diffraction pattern, 𝐼(2𝜃), of the 2D intensity distribution integrated on the 

area specified above can be plotted by pressing the 'Plot 1D Pattern' button on the control 

panel. If 'show int. area' checkbox is checked, first a schematic figure of the integrated 

area shows up to check the correctness of the integration. This figure shows a polar 

coordinate system where 2θ is the radial coordinate and η is the azimuth (polar angle). In 

this figure red curves indicates the integrated parts of the DS rings. Press Enter in the 

console application to close this image, then the 1D pattern shows up (if 'show int. area' 

is not checked this 1D pattern shows up only). The diffraction patterns corresponding to 

the Fig.3.38-39 are shown in Fig.3.40-41. 
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Fig 3.40. The 1D diffraction pattern corresponding to the Fig.3.38, i.e. the integrated area is a 

band located on the +Y or -Y side. The schematic figures at left show the integrated parts of the 

DS rings in polar coordinate system where 2θ is the radial coordinate and η is the polar angle.  

 

 

Fig 3.41. The 1D diffraction pattern corresponding to the Fig.3.39, i.e. the integrated area is a 

circular sector with min η = -30° and max η = 30°.  

The intensities in the 1D pattern are relative values, i.e. the peak having the 

maximum intensity is one hundred. 

Note that in the X-TEX method, the calculated intensities of the peaks given by 

Eq.1.8, 𝐼(2𝜃B), are the functions of the 2θB Bragg angles, not the 2θ scattering angles, i.e 
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the natural line broadening is not taken into account in the 1D patterns. This 𝐼(2𝜃B) 

calculated intensity represents the integrated intensity of a real measured peak (the whole 

area under the measured peaks). However, for the sake of the better visibility, the peaks 

in the 1D plots have constant, artificial Gaussian type broadening (this parameter can be 

set by the Δ2𝜃o parameter on the control panel). Therefore, in these 1D patterns, the 

calculated 𝐼(2𝜃B) values mean the maximum intensities of the peaks (Fig.3.42) and the 

width of the peaks is not relevant. 

 

Fig 3.42. The calculated intensities of the peaks given by Eq.1.8, 𝐼(2𝜃B), are the maximum values 

of the plotted peaks. The shape of the peaks is given by Gaussian function.   

If 'plot 1D at Z=0' checkbox is checked, then 1D 'line' pattern (no integration) of 

the 2D detector image also appears with intensities exactly at Z=0 (at +Y, -Y or both sides, 

depends on 'int. band' parameter). These intensities are not relative values, they are the 

values from the 2D detector image. An example for this line pattern is shown in Fig.3.43. 

 

Fig 3.43. The line pattern at Z=0 corresponding to the Fig.3.29. 
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3.5.4 𝜒ℎ𝑘𝑙 values of the peaks 

'Plot 1D Pattern' and 'Plot 2D Detector Image' buttons also generates a 

'khi_values.dat' file in your project directory, which contains the 𝜒ℎ𝑘𝑙 values (defined by 

Eq.1.9) of the hkl peaks for the major, minor (other) and the random texture components. 

These 𝜒ℎ𝑘𝑙 values are also printed in the console application. For example, in Fig.3.44 

the 𝜒ℎ𝑘𝑙 values for the hkl peaks integrated over a 20 mm band on the +Y side in the case 

of the ECAP deformed Cu are shown. In the X-TEX method the 'major comp.' parameter 

determines whether a texture component is considered to belong to the major component 

or to the minor (other) component(s). In Fig.3.44, only the 'C' texture component (i.e. #3) 

is considered as major texture component. This way the 𝜒ℎ𝑘𝑙  values of the hkl diffraction 

peaks are determined only for 'C' separated from the other components, i.e.  

𝜒ℎ𝑘𝑙
major

= 𝜒ℎ𝑘𝑙
C , 𝜒ℎ𝑘𝑙

other = 𝜒ℎ𝑘𝑙
A+A̅+A1

∗+A2
∗ +B+ B̅

 and 𝜒ℎ𝑘𝑙
random  for the random texture component 

is also calculated. 

 

Fig 3.44. After pressing the 'Plot 1D Pattern' or 'Plot 2D Detector Image' buttons, in addition to 

the 1D pattern or the 2D detector image, the 𝜒ℎ𝑘𝑙 values of the hkl peaks for the major, minor 

(other) and the random texture components are calculated and printed in the console application 

(see in the red square). In this figure the ECAP deformed, textured Cu sample with 7 texture 

components is presented, with (𝛼, 𝛽, 𝛾) = (0°, 0°, 0°) sample orientation and the DS rings are 

integrated over a band area (with 20 mm height) on the +Y side. In this case only the 'C' texture 

component (denoted by #3 in the Texture Model listbox) is considered as major texture 

component. 
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If 'show χ values' checkbox on the control panel is checked, then the 𝜒ℎ𝑘𝑙 values 

of the major, minor (other) and the random texture components for each hkl peak are 

shown in the 1D pattern with different colors (Fig.3.45). 

 

Fig 3.45. 1D pattern with 𝜒ℎ𝑘𝑙 values for the major, minor (other) and the random texture 

components.  

 

3.6 Scanning function 

As it can be seen in Fig.3.44, the 𝜒ℎ𝑘𝑙 values for the major texture component (the 

'C' texture component) vary from 0% to 44%, which are quite low values. However, there 

is a scanning function in X-TEX, with which the sample orientations can be optimized in 

order to allow measuring X-ray diffraction peaks corresponding to a chosen texture 

component with minimal contribution of other components, i.e. the 𝜒ℎ𝑘𝑙 values can be 

increased by optimizing the sample orientation. The software calculates a specimen 

rotation map, where the scattered X-ray intensity of a specific hkl ring integrated over a 

[𝜂min , 𝜂max] range is calculated for different sample orientations and plotted as a function 

of rotation angles. This plot allows the optimal specimen orientation where the intensity 

of the hkl diffraction peak is the largest with minimal contribution of other alien texture 

components to be selected. Note that in addition to the sample orientation, the 𝜒ℎ𝑘𝑙 values 

can also be increased by choosing other [𝜂min, 𝜂max] azimuthal integration range. This is 

usually easy to achieve for synchrotron measurements where a large range of DS rings 
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can be measured, but this is not usually the case in laboratories and the integration range 

is limited.  

3.6.1 Input parameters, initial sample orientation 

First the input parameters corresponding to the scanning function need to be 

specified in the control panel (Fig.3.46). The hkl Miller index of the peak in question, and 

the η azimuth interval along which the DS-ring is integrated to obtain the hkl diffraction 

peak need to be given. The azimuth interval can be specified using an integration band or 

direct [𝜂min , 𝜂max] range. If 'use η int. mode' checkbox on the control panel is checked, 

then 'min η' and 'max η' parameters can be used (int. band is inactivated). If it is not 

checked, then the integration on a band area is used ('min η' and 'max η' are inactivated). 

This 'int. band' can be positive or negative. According to the (+) or (-) sign of this 

parameter, an integration band located on +Y or -Y side determines the [𝜂min, 𝜂max] 

integration limits for the hkl ring.  

 

Fig 3.46. The input parameters corresponding to the scanning function on the control panel.  

Another important input parameter is the initial sample orientation, the program 

examines sample rotations around the Y and Z axis relative to this sample orientation. The 

Eulerian angles of the initial sample orientation is denoted by (𝛼0, 𝛽0, 𝛾0). This function 

is useful mostly for laboratory measurements where the X-ray beam cannot transmit 

through the sample (reflection mode) and therefore one can talk about measuring one of 
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the sample surfaces. In this case, several different sample surfaces can be measured after 

cutting up the sample. The initial sample orientation in the case of measurement with 

reflection mode should be chosen so that the sample surface to be examined, illuminated 

by the X-ray beam, is parallel to the X-axis, i.e. the direction of the incoming beam (more 

details and examples in [1]). In the case of synchrotron measurements, this initial 

orientation is not very important, use such orientation that allows rotations around the Y 

and Z axes easy to interpret.  

As an example, let’s see the ECAP deformed Cu. The Eulerian angles of the ideal 

orientations in Table 3.1 describe the rotation between the crystallographic and the 𝒦s 

sample coordinate system in such a way that the extrusion direction (ED) of the ECAP 

deformation is parallel to the x axis of the sample coordinate system and the normal 

direction (ND) is parallel to the y axis, as it also can be seen in the pole figures of this Cu 

(Fig.3.20). Before any sample rotation, 𝒦L = {𝑋, 𝑌, 𝑍} laboratory coordinate system and 

𝒦s = {𝑥, 𝑦, 𝑧} the sample coordinate system coincide, i.e., x‖X, y‖Y and z‖Z (Fig.3.27a), 

and the 𝛼, 𝛽 and 𝛾 Eulerian angles describe the sample rotation in 𝒦L. In Fig.3.47 the 

illustration of the ECAP, a disc shaped sample cut out from ECAP deformed rod and as 

examples two different (𝛼0, 𝛽0, 𝛾0) initial sample orientations are shown. 

 

Fig 3.47. (a) Schematic illustration of ECAP and directions designation [6] and (b-c) two 

different (𝛼0, 𝛽0, 𝛾0) initial sample orientations. The illustration of rotations around the Z and Y 

axes are also shown. 

If (𝛼0, 𝛽0, 𝛾0) = (0°, 0°, 0°), i.e. x‖X, y‖Y and z‖Z remain, then the rotations around the Z 

and Y axes are not ideal for measuring the flat surface of the disc in reflection mode 

(Fig.3.47b), because the sample itself can block the scattered beam. It is therefore more 
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worthwhile to apply the other (𝛼0, 𝛽0, 𝛾0) = (0°, 0°, 90°) initial orientation (Fig.3.47c) 

for making a rotation map to measure the flat surface in reflection mode. 

The limits of the rotations around Y and Z, [rot_𝑌min, rot_𝑌max] and 

[rot_𝑍min, rot_𝑍max], and the angular steps of the rotations, Δrot, need to be specified as 

well.  

The software also calculates the 𝜒ℎ𝑘𝑙 values for each rot_𝑌 and rot_𝑍 rotation 

pairs (for the major, minor (other) and the random texture components). On the control 

panel of the software, a 𝜒0 threshold value also need to be specified, which the program 

will use to display only the intensities corresponding to the 𝜒ℎ𝑘𝑙
major

>  𝜒0 values on the 

rotation map, thus controlling the maximum allowed intensity contribution of unwanted 

texture components. 

3.6.2 Rotation map 

After pressing the 'Scanning' button, a console application (x_tex_scan.exe 

subroutine) shows up and calculates the rotation map, i.e. the scattered X-ray intensity of 

the hkl peak as a function of the rot_𝑌 and rot_𝑍 rotation angles. The rotations of the 

normal vectors of the hkl planes around the Y and Z axes are taken into account by 

applying two additional basic rotation matrices, i.e. rotating the sample by 𝛼0, 𝛽0 and 𝛾0 

then rotating by rot_𝑌 and rot_𝑍 angles, the normal vectors of the hkl planes for an ideal 

orientation of the ith texture component will be 

𝒆′ℎ𝑘𝑙
𝑖 = 𝑅̂𝑍(rot_𝑍)𝑅̂𝑌(rot_𝑌)𝑅̂(𝛼0,𝛽0 ,𝛾0) 𝑅̂(𝜑1

𝑖 ,𝛷𝑖,𝜑2
𝑖 )𝒆ℎ𝑘𝑙 . (3.6) 

The intensity values of the rotation map are calculated by Eq.1.7-1.8 but with using the 

Eq.3.6 formula for the normal vectors, instead of Eq.1.6. Note that the Eq.3.6 implies that 

the rotation around the Y-axis is done first, and only then the rotation around the Z-axis, 

the two rotations are not interchangeable. 

On the console application and also on the rotation map the (rot_𝑌, rot_𝑍) rotation 

point belonging to the maximal intensity is printed. These are the recommended rotations 

around Y and Z axes with which the intensity of the hkl peak is the largest but the 𝜒0 

threshold value is also taken into account. In practice, this means first orienting the sample 

according to the (𝛼0, 𝛽0, 𝛾0) initial orientation and then rotating it around the Y-axis and 

then around the Z-axis according to the recommended values. However, the console 

application also calculates an equivalent orientation which describes the mentioned 

rotations with one single three-dimensional rotation matrix: 
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𝑅̂(𝛼eqv.,𝛽eqv.,𝛾eqv.) = 𝑅̂𝑍(rot_𝑍)𝑅̂𝑌(rot_𝑌)𝑅̂(𝛼0,𝛽0 ,𝛾0) . (3.7) 

On the console application this (𝛼eqv., 𝛽eqv., 𝛾eqv.) equivalent orientation is also printed. 

If calculating and plotting the 2D detector image or the 1D diffraction pattern with the 

sample orientation corresponding to the recommended rotation values of the rotation map 

is needed, then using this equivalent orientation as sample orientation (on the control 

panel among the experimental parameters) is recommended. 

If 'show int. area' checkbox is checked on the control panel, before the rotation 

map plotting, a schematic figure of the integrated area shows up to check the correctness 

of the azimuth integration limits for the scanning procedure. This figure shows a polar 

coordinate system where 2θ is the radial coordinate and η is the azimuth (polar angle), 

similarly to the integration for 1D pattern detailed above. 

As an example, let’s see the ECAP deformed Cu. Let’s say we want to measure 

the 111 and 220 peaks integrated over a band with the height of 20 mm positioned on the 

+Y side (i.e. 'int. band' = 20), and we want to measure these hkl peaks stemming from the 

'C' texture component. As it can be seen in Fig.3.44-45, if the sample orientation is 

(𝛼, 𝛽, 𝛾) = (0°, 0°, 0°), the 𝜒ℎ𝑘𝑙 values are only 𝜒111
major

= 𝜒111
C = 22.57 % and 𝜒220

major
=

𝜒220
C = 32.76 %, which are low values. Let’s say we want to measure these peaks with 

intensity contribution of the 'C' texture component over 85%, i.e. we apply 𝜒0 = 85 

threshold value. Let’s apply (𝛼0, 𝛽0, 𝛾0) = (0°, 0°, 90°) initial sample orientation, which 

is more suitable for measuring the flat surface of the disc, as it was mentioned above. In 

Fig.3.48 and Fig.3.49 the rotation maps for the 111 and 220 peaks are shown, 

respectively. The results are the followings. The recommended rotations for the 111 peak 

are (rot_𝑌, rot_𝑍) = (0°, 75°), which is equivalent with the (𝛼eqv., 𝛽eqv., 𝛾eqv.) =

(180°, 0°, −15°) orientation. In this orientation, the 'C' major texture component has 

𝜒111
major

= 𝜒111
C = 85.7 % value. The recommended rotations for the 220 peak are 

(rot_𝑌, rot_𝑍) = (−82°, −60°), which is equivalent with the (𝛼eqv., 𝛽eqv., 𝛾eqv.) =

(30°, −82°, 0°)  orientation. In this orientation, the 'C' major texture component has 

𝜒220
major

= 𝜒220
C = 85.1 % value. These results seem to be impressive, however with other 

azimuth interval and initial sample orientation they can be enhanced and even almost 

100% is possible for the 𝜒ℎ𝑘𝑙  values. 
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Fig 3.48. Rotation map for the 111 diffraction peak. The applied scanning parameters can be 

seen on the control parameter. The recommended (rot_𝑌, rot_𝑍) rotations and the equivalent 

sample orientation can be seen in the console application. 

 

 

Fig 3.49. Rotation map for the 220 diffraction peak. The applied scanning parameters can be 

seen on the control parameter. The recommended (rot_𝑌, rot_𝑍) rotations and the equivalent 

sample orientation can be seen in the console application. 
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In Fig.3.50 the 1D diffraction patterns and the 2D detector images according to 

the scanning results are shown. It can be seen well that the scan-based sample orientations 

provide diffraction peaks belonging to the 'C' texture component for 111 and 220. 

 

Fig 3.50. The 1D diffraction patterns (with 𝜒ℎ𝑘𝑙 values) and the 2D detector images (with the 

integrated area) according to the scanning results for the 111 and 220 diffraction peaks and rings. 

Let's notice something important thing. Actually, we applied the initial sample 

orientation for the scanning according to the Fig.3.47c. With this sample orientation, the 

first rotation, i.e. the rotation around Y axis cannot change the angle between the flat 

surface of the disc and the incoming beam. Then we rotate the disc around Z axis with 

rot_𝑍. All in all, this means that the absolute value of the rot_𝑍 gives the angle between 

the flat surface of the sample and the incoming beam in the case of such initial sample 

orientations, where the flat surface of the sample is parallel to the incoming beam. 

However, let’s notice that the 2θB Bragg angles of the 111 and 200 is smaller than |rot_𝑍 |, 

2𝜃B
111 = 31.4°, rot_𝑍111 = 75°, and 2𝜃B

220 = 52.5°, rot_𝑍220 = −60°, which means 

that the scattered beam must transmit through the sample itself to reach the detector. It 

means that the scanning results works only in the case of transmission mode, where the 

wavelength of the beam and therefore the energy of the beam is suitable for transmission 

measurement (a synchrotron measurement is probably this case). For reflection mode 

(usually it means typical laboratory measurement with X-ray tube), it is recommended to 

cut out several pieces from the specimen (in our case from the ECAP deformed Cu rod) 
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differently (under different angles) and carry out the scanning procedure for all of them 

(an example for differently cut pieces can be found in [1]). As a result, a series of 

measurements can be planned in order to measure as many peaks as possible belonging 

to different texture components separately. 

3.7 Calculating Schmid factors 

In X-TEX software it is possible to determine the Schmid factors corresponding 

to the preferred orientations of the texture components. For this purpose, the loading 

direction and the slip systems to be investigated (the hkl Miller indices of the slip planes 

and Burgers vectors) need to be specified in an input file. The name of the input file must 

be 'Slip-systems.dat' and it must be located in the project directory.  

 

Fig 3.51. The 'Slip-systems.dat' file with the input parameters (in the red square). 
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In Fig.3.51 an example for this input file with the loading direction and the slip 

systems is shown. After the '### NOTES AND HELP' text some helpful notes can be read. 

The loading direction is a vector and its coordinates (load_x, load_y, load_z) are 

expressed in the 𝒦s sample coordinate system.  

After clicking on 'Schmid factors' button on the control panel, a console 

application will show up and calculate the Schmid factors of the ideal orientations for the 

slip-systems and loading direction given in the input file. The results are also printed into 

the 'Schmid-results.dat' output file. 

3.8 Fit/refine texture parameters 

The parameters used to describe textures in this method (𝜑1, 𝛷, 𝜑2, 𝑓, FWHM) 

can be determined by common texture measurements, but X-TEX also has an option of 

using a Monte-Carlo algorithm to fit/refine these parameters based on X-ray diffraction 

measurements according to how the intensity varies along the DS rings. 

The input parameters of the texture refinement need to be specified in a file named 

'x_tex_fit.dat' located in the project directory. An example for this file is shown in 

Fig.3.52. The input parameters in this file can be split into two types: (1) Experimental 

parameters, (2) Monte-Carlo Fit/Refine Control parameters. Let's take them in turn. 

For 'Experimental parameters' (Fig.3.53), first, you need to specify the number of 

files that contain the measured X-ray intensities (integrated intensities, i.e. integration 

alongside 2θ) of hkl peaks. In these files the first column must be the hkl value, the second 

column must be the integrated intensity of the hkl peak. These files must be located 

somewhere in the 'Projects' directory.  

Then you need to specify the azimuthal integration mode (i.e. integration 

alongside eta) of the DS rings, with which you got the hkl peaks: 

-if it is 'eta', then 𝜂min  and 𝜂max  integration limits need to be given, 

-if it is 'band_positive_Y' or 'band_negative_Y' then an integration band located on the 

+Y or -Y side determines the 𝜂min and 𝜂max integration limits for all hkl rings. The height 

(i.e. the vertical width) of the band is defined by 𝑍min and 𝑍max edge values of the band. 

Then you need to specify for all files (containing the measured X-ray intensities) 

in one line: the name of the file (with full path and extension; directories and 

subdirectories are separated by the '\' backslash symbol), the allowed 2𝜃min and 2𝜃max 

values, the 𝑍min (or 𝜂min) and the 𝑍max (or 𝜂max) values corresponding to the azimuthal 
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integration of the measured peaks, and the 𝛼, 𝛽, and 𝛾 Eulerian angles of sample 

orientations, respectively. They need to be separated by Tab or Space from each other and 

each line contains parameters for one file only. Note that the other necessary experimental 

parameters (R, LP, wavelength) come from the control panel. 

 

Fig 3.52. The 'x_tex_fit.dat' file with the input parameters for texture parameter fitting. 

 

 

Fig 3.53. The 'Experimental parameters' in the 'x_tex_fit.dat' file. 
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An illustration of the measured intensities is shown in Fig.3.54. The measured 

intensity distribution in Fig.3.54 belongs to a measurement of a textured, 23% tensile 

deformed Ti sample from [1]. The 2D detector image of the measured intensity 

distribution is divided into several horizontal stripes which indicate the 'bands' of the 

integrations. Note that if the integration mode is 'eta', then they are circular sectors instead 

of stripes. The measured intensity distribution needs to be integrated over the azimuthal 

range corresponding to the chosen stripes or circular sectors to get hkl peaks from the hkl 

rings. If the integral mode is 'eta', then 𝜂min  and 𝜂max are used as azimuthal integration 

limits, if it is a 'band', then the software calculates the 𝜂min  and 𝜂max values corresponding 

to a particular ring and hkl from 𝑍min and 𝑍max values. Let’s denote the integral intensity 

(the whole area under the peak) of the hkl peaks for the Nth stripe (or sector) by 𝐼𝑁,ℎ𝑘𝑙
meas. 

Files with different names need to contain the 𝐼𝑁,ℎ𝑘𝑙
meas  values for each stripe (sector). In 

Fig.3.54 the file corresponding to the N=4 stripe is shown as an example. 

 

Fig 3.54. Measured 2D intensity distribution for a 23% tensile deformed Ti specimen with 

(𝛼, 𝛽, 𝛾) = (−15°, −90°, 0°) sample orientation (in this case RD direction of the sample is 

parallel to the Z) [1], and the file which contains the hkl indices and measured intensities for the 

N=4 stripe. The 𝑍min and 𝑍max values for the stripes are also shown. 

Note that in this texture refinement procedure many measurements with different 

sample orientations can be used at the same time, which can enhance the accuracy of the 

method. For example, in Fig.3.53 three measurements with different Eulerian angles of 

the sample are shown. Note that though the 'Experimental parameters' is the 'x_tex_fit.dat' 
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file can be different for the different measurements, the other experimental parameters 

from the control panel, such as the radius of the detector (R), the LP parameter, or the 

wavelength of the beam must be the same for all measurements. 

The X-TEX software varies the (𝜑1, 𝛷, 𝜑2, 𝑓, FWHM) texture parameters with a 

Monte-Carlo algorithm and calculates the intensity of diffraction peaks in each stripe 

(circular sector) with different texture parameters. The obtained results, 𝐼𝑁,ℎ𝑘𝑙
calc  are 

compared with the measured intensities for all the stripes (sectors). The texture 

parameters are optimized by minimizing the sum of squared residuals (SSR): 

SSR =  ∑ (𝐼𝑁,ℎ𝑘𝑙
meas − 𝐼𝑁,ℎ𝑘𝑙

calc )
2

.
𝑁,ℎ𝑘𝑙

 (3.8) 

For 'Monte-Carlo Fit/Refine Control parameters' (Fig.3.55), first, you need to 

specify the number of Monte-Carlo (MC) steps, then minimal and maximal limits of the 

texture parameters, then the number of texture components, then constraints for the 

texture component parameters (fraction, Eulerian angles and FWHM for all components, 

respectively). 

 

Fig 3.55. The 'Monte-Carlo Fit/Refine Control parameters ' in the 'x_tex_fit.dat' file. 

If one constraint parameter is '0', then this parameter is fixed (will not be refined) during 

the MC procedure. If one constraint parameter is 'n' (where 'n' is an integer), then this 

parameter will be either refined, if it is identical with its texture component serial number 

(the number after the # symbol), or linked with all the other former texture component 

parameters which also have 'n' value. All of them will change identically during the MC 
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procedure. If one constraint parameter is '-n', then this will change identically with all n 

values, but with negative sign (where negative value is allowed). The 'n' cannot be larger 

than the texture component serial number, i.e. the first 'constraint parameters' (belonging 

to #1 texture comp.) can only be 0 or 1, the second 'constraint parameters' (belonging to 

#2 texture comp.) can only be 0, 1 or 2 (and -1), the third 'constraint parameters' 

(belonging to #3 texture comp.) can only be 0, 1, 2 or 3 (and -1 or -2), and so on. 

For example: 

PHI 1 2 -1 -2 3 6 0 

This line that consists of 'constraint parameters' for PHI texture parameter means (we 

have 7 texture components here): PHI(#1) is refining freely, PHI(#2) is refining freely,  

PHI(#3)=-PHI(#1), PHI(#4)=-PHI(#2), PHI(#5)=PHI(#3)=-PHI(#1), PHI(#6) is refining 

freely, PHI(#7) is fixed. 

The min and max texture parameter values matter only if one parameter is refining freely, 

i.e. its 'constraint parameters' equals its texture component serial number. When negative 

constraint parameter (-n) is used, i.e. the parameter is linked with the n-th value with 

negative sign, then only the absolute value of the parameter has to fulfil the min-max 

conditions. 

For example: if min_PHI=20 and max_PHI=40 and the third constraint parameter is -1, 

then the PHI(#1) value can only be between 20 and 40, however PHI(#3) can be between 

-20 and -40. 

After clicking on 'Fit/refine Texture' button on the control panel, a new windows 

form shows up (Fig.3.56). After clicking on 'Start fit' button on the form, a console 

application shows up to starts the Monte-Carlo (MC) fitting procedure if each 

experimental and control parameter is valid. The MC process takes some time, depending 

on the MC steps and the number of freely refinable parameters. The process can be 

aborted by the 'Stop fit' button. After reaching the maximum MC steps ('Number of MC 

steps' in the 'x_tex_fit.dat' file) or clicking on the 'Stop fit' button, the refined parameters 

are printed on the screen and saved into an output file named 'report-fit.txt'. Apply 

'update' button on the control panel to replace the old texture parameter values in the 

'Texture Model' listbox with the refined values. Apply 'undo' button to undo the 

replacement. 
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Fig 3.56. The windows form for starting and stopping the texture refinement. 

 

4. In the future 

4.1 Neutron diffraction 

Under construction 

4.2 Texture parameter refinement by measured pole figures 

Under construction 
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Appendix 

A. Useful links 

Atomic positions: 

https://materialsproject.org 

for example, NaCl: 

https://materialsproject.org/materials/mp-22862/ 

(Tip: it may be easier to find in google, this way: "materialsproject.org NaCl")  

For atomic positions download the *.cif file with conventional standard 

Lattice constants and crystal structures: 

https://www.periodictable.com/Properties/A/LatticeConstants.html 

https://en.wikipedia.org/wiki/Lattice_constant 

B. Atomic scattering factors 

Atomic scattering factors for some elements [3]. 

 

https://materialsproject.org/
https://www.periodictable.com/Properties/A/LatticeConstants.html
https://en.wikipedia.org/wiki/Lattice_constant
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70 

 

C. Atomic positions/coordinates 

Atomic coordinates and structure factor calculations for some materials [5]. 

 

text 

D. How to add gnuplot to the environmental variables 

Download and install gnuplot: 

https://sourceforge.net/projects/gnuplot/files/gnuplot/ 

The path of the gnuplot on your computer will be something like this:  

C:\Program Files (x86)\gnuplot\bin 

https://sourceforge.net/projects/gnuplot/files/gnuplot/
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Open the Start Search, type in “environment variables” (in your language) and 

choose “Edit the system environment variables”. Go ahead and click on the Environment 

Variables button at the very bottom. 

 

On the Environment Variables dialog, you’ll see two sets of variables: one for 

user variables and the other for system variables. Both lists have the PATH variable, so 

you have to decide which one to edit. 

 

If you only need the commands for your own user account, then edit the user 

variable. If you need it to work across the computer system regardless of which user is 
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logged in, then edit the system variable. Click on Path and then click on Edit. On the 

Edit environment variable dialog, you’ll see a list of all the paths that are currently in 

the PATH variable. 

 

To add a new path, simply click on New and it’ll add a new line to the bottom of 

the list. If you know the path (in our case: C:\Program Files (x86)\gnuplot\bin), simply 

type it in or copy and paste it. If you prefer, you can also click Browse and then navigate 

to the desired path. 
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