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General Introduction 

The CHANNEL 5 suite of programs 
The CHANNEL 5 suite of programs has been developed to allow you, the user, 
to manipulate, analyse and display Electron Backscatter Diffraction (EBSD) data 
with comparative ease. 

The programs have been designed to be as flexible and extendible as possible 
and to allow several users to work independently or together on the same 
computer or over a network.  

The suite comprises : 

 
Flamenco Which controls the EBSD acquisition 

and your scanning electron microscope 
(SEM). 

 
Twist Creates reflector information (CRY files) 

for Flamenco to use for indexing. 

 
Project manager Has overall control of data and subsets. 

Subsets allow parts of the data to be 
manipulated separately. 

 
Mambo For producing pole figures and inverse 

pole figures from EBSD orientation data. 

 
Tango For generating a wide variety of maps, 

e.g. orientation, and measuring grains. 

 
MapStitcher To merge together maps acquired from 

adjacent areas 

 
Salsa For calculating and displaying 

orientation distribution functions (ODFs) 
to allow texture to be interpreted in Euler 
space. 

 

Oxford Instrument HKL Technology CHANNEL 5 General Introduction  •  1.1 



 

Software flexibility and integration 
The CHANNEL 5 software has been designed to allow you, the user, to be able 
to display and interpret your EBSD data in a wide variety of ways.  

The various packages are also well integrated and “talk” to each other. If, for 
example, the current map changes, say from black and white to colour, this 
change will be reflected in all the other programs. Also, if a subset is created in 
one package, all the others will automatically redisplay their data to reflect the 
changes.  

Tango’s new Open Map Component (OMC) concept allows you to create your 
own maps via Windows™ Dynamic Link Libraries (DLLs). Most modern 
Windows™ compilers can create DLLs and example source code is provided for 
Borland C++ and Borland Delphi. New OMCs can be shared amongst the 
growing community of CHANNEL users working in a wide variety of areas.  

User network, meetings and support 
There is a wide network of CHANNEL users across the world working in many 
different areas, e.g. materials science, geology, semiconductors, metallurgy…  

HKL Technology holds yearly users meetings, both in Europe and in the US, 
where new developments and common problems are discussed.  

It is often surprising how many problems, for example, geologists and materials 
scientists can share without realising it and there is growing co-operation 
between different fields. 

Over the years a great deal of experience has been built up, both at HKL 
Technology and in the users network, in analysing difficult materials, 
particularly non-cubics.  
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Installing the CHANNEL 5 software 
Insert the supplied CD-ROM in your CD-ROM drive. On most systems the 
installation software will automatically run and lead you through the installation. 

Note : As with all software and hardware installations, it is a good idea to first 
BACKUP YOUR COMPUTER. Also, a record of Hardware and Hardware 
Settings (IRQ, I/O, DMA, memory…) before and after the installation could be 
useful (See the FAQ - "How do I run a system summary?" for more details). 

Important: Remember, if you are installing on Windows NT or Windows 2000, 
then you must be logged in as administrator. 

 

To install the CHANNEL 5 software, follow these steps: 

1. Insert the CHANNEL 5 CD into your computer. 

2. The installation program will automatically start on most computers. If it does 
not start, then run the program called SETUP.EXE on the CD-ROM. 

3. You will be prompted to type in the destination directory for CHANNEL 5. It 
is advisable (but not essential) to use the default location, C:\CHANNEL5. 

4. The set-up program will now start. You can cancel the installation at this stage 
and complete it by choosing Start | Programs | CHANNEL5 | Setup 
CHANNEL5 at a later date. 

5. You will now see the Welcoming window: 

 
Click on Next to proceed 

6. You now have to choose whether you wish to install "offline" software alone 
(for example, the post-processing software or the acquisition software, 
Flamenco, in a simulation mode) or whether you want to install the full "online" 
system for data acquisition on the SEM, including drivers (such as frame grabber 
and stage control drivers). 

 

Oxford Instrument HKL Technology CHANNEL 5 General Introduction  •  1.3 



 

Offline installation 
Follow this procedure when you want to install the processing software alone for 
EBSD data analysis, and also if you wish to install the acquisition software in a 
simulation version. 

Tip: before completing a full, online installation (see next section), install a 
simulation version of the acquisition software and use this to familiarise yourself 
with many of the features. You can upgrade this with a full installation at a later 
date. 

1. Select either option 1 (if you wish to have the post processing software and a 
simulation version of Flamenco) or option 2 (just the post processing software): 

 
2. Click on Next. 

3. You will see a summary of the modules to be installed. For example: 

 
4. Click on "Install selected modules" and the installation will be completed. 

5. Close the installation program: CHANNEL 5 has now been installed. 
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Online Installation 
Follow this procedure when you want to install the CHANNEL 5 software on the 
EBSD computer linked to your SEM, and you wish to collect data. 

This type of installation requires the installation of all the necessary drivers and 
modules that allow the CHANNEL 5 software to communicate with your SEM 
and the EBSD camera. As there are many possible variations, you must contact 
HKL Technology to receive a special "Key" for your system that will 
automatically install the relevant modules. 

Therefore, e-mail mailto:HKLsupport@oxinst.com or phone +45 9657 2600 to 
receive the relevant key for your system before proceeding with the full 
installation (however you can always run an offline installation as described in 
the previous section). 

To ensure a successful installation, please e-mail to HKL Technology (or to have 
with you when you telephone) the following information: 

• SEM make, model and serial number 

• A copy of CHANNEL4.INI from your EBSD computer 

• A copy of CH4SETUP.INI from your EBSD computer 

 

Once you have the installation key, follow these steps: 

1. Select "Modules" in the Module Installer Window (Select Start | Programs | 
CHANNEL5 | Setup CHANNEL5 if you are not at this stage of the installation 
process). 

2. Type in the key for your system and click on Next: 

 
3. You will now see a full summary of the installation. Check the list and click 
on "Install Selected Modules" if it is OK. For example: 
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4. The relevant software and modules will now be installed on your system. The 
progress of the installation process will be displayed in the installation window: 

 
5. When the installation is complete, close the Set-Up program. CHANNEL 5 
has now been installed on your computer. 

 

HASP copy protection 

 

The CHANNEL 5 suite of programs requires a HASP copy protection dongle to 
be connected to the printer port or for network installations to a networked 
computer (NetHASP).  

Note : The software will not run without the HASP dongle. 
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Computer specification 
The CHANNEL 5 suite of programs are designed to run on a Personal Computer 
running Windows NT (service pack 3 or above). Windows 95,98, 2000 and XP 
are also supported, but Win 2000 is recommended. 

The computer system should meet the following recommended minimum 
requirements : 
• 533 MHz Pentium CPU, 32 Mb of RAM,  
• Graphics card with 65536 colours at 1280 by 1024 pixies. 
• 19” Monitor, 
• Quadruple speed CD-ROM drive, 
• 500 Mb free hard disk space. 

 

Uninstalling CHANNEL 5 
To uninstall the CHANNEL 5 software, simply select Start | Programs | 
CHANNEL5 | Uninstall and then select: 

HKL HASP Copy Protection - uninstalls the HASP protection software 

HKL CHANNEL5 - uninstalls all of the CHANNEL5 software 

HKL CHANNEL5 Installer - uninstalls the installation software 

This will remove all of the CHANNEl 5 software. Any other files in the 
CHANNEL 5 directory can be deleted manually. 

 

Working with Windows 
It is assumed that the user is familiar with basic operations in Windows™, e.g. 
clicking and drag-drop. If not, consult your Windows™ manual for information 
and advice.  

Moving a Window 
All the CHANNEL 5  windows can be moved around by clicking on the title bar 
and dragging the window to a new position. 

Tip : Press the Control key to move a window and children.  

Resizing a Window 

 

Most of the windows in the CHANNEL 5 suite of programs can be resized in 
the usual Windows way by clicking on the border of a window and dragging. 

 
For some of the windows, the default size is controlled by the zoom factor. 
Change this by pressing the zoom in & out icons.  

 Double click on the title bar of a window or on the maximise button, , to ask 
the software to optimally fit the window. 
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CHANNEL 5 - keyboard shortcuts 
 

Tango Mambo Salsa Key Combination Action 

Yes Yes Yes Ctrl 'O' Open a file 

Yes Yes Yes Ctrl 'I' or Ctrl '+' Zoom In 

Yes Yes Yes Ctrl 'U' or Ctrl '-' Zoom Out 

Yes Yes Yes Ctrl 'C' Copy To Clipboard 

Yes Yes Yes Ctrl 'S' Save to file 

Yes Yes Yes Ctrl 'P' Print 

Yes Yes Yes Ctrl 'R' Refresh  

Yes Yes Yes Ins Insert new map, pole figure or ODF 

Yes Yes Yes Del Delete current map, pole figure or ODF 

Yes Yes  F6 View Component / Template Manager 

Yes   Ctrl 'Z' View Zero Solution on/off 
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The manuals and help file 
Within these manuals, items (e.g. buttons and dialog boxes) are shown in italics. 
Commands using menus are shown in bold, e.g. Project | Open means that first 
the Project menu has to be clicked on, then Open. 

Example code is shown in a Courier font. 

Tips and notes are indicated by Tip: and Note: 
 
 

Using the Manual and Help file 
Tip: Have a look in the Glossary section. It has lots of useful information and 
references back to relevant sections. 

In the online help file, , the Contents tab, , 
contains the table of contents. The Index tab is useful for searching for 
keywords. The Search tab will search the whole of the on-line help file for a 
word or words and give you a ranked list of suggestions. 

Use the buttons to move through the manual.  

The back button, , will take you back to the page you came from; it also 
returns you to the main body of the help file after following a definition link.  

If you have internet access, then clicking on  or  will 
connect you to the HKL Technology homepage or support page.  
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Inkling 
Inkling is a small program that will watch what you are doing and offer a simple 
link to the relevant parts of the on-line help. 

 

 
Run Inkling as you would any other Windows program. Click on the 
Windows™ Start button, then select Programs, followed by CHANNEL5 and 
Inkling. 

 
Alternatively, if there is a shortcut on the desktop, just double click on the icon. 

 

If you then run the Twist program and load a CRY file, Inkling will display a list 
of topics - ones that it thinks you might be interested in, e.g. "Entering 
crystallographic data" 

If you double click on a topic, Inkling will find it in the on-line help. 

 
 

If you click on the Diffraction tab, Inkling will offer links to other topics. 

 

Tips for using Inkling 

 

When the on-line help file is displayed, try looking at the next few pages to see 
if there is anything useful there 

Try clicking on the window (or child window) that you are interested in. 

 

The Glossary contains lots of useful information and links to other parts of the 
on-line help. 

Inkling will follow the window that you are currently using but will ignore 
minimised windows. 

 

You can access Inkling from the Help menu on most programs. 

Inkling will stay on top of most other windows - so you can easily see it. 
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Contacting Oxford Instruments HKL 
 
  Oxford Instruments HKL A/S  

Address: 
Oxford Instruments HKL A/S, 
Majsmarken1, 
Hobro, DK-9500, 
Denmark 

Telephone:  +45  96 57 26 00  
Fax: +45  96 57 26 09  
Website www.hkltechnology.com 
Sales: sales@hkltechnology.com 

Support: support@hkltechnology.com or 
mailto:HKLsupport@oxinst.com 
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Twist - diffraction data creator 

Chapter Overview 

Twist, , is a program that automates the creation of the reflector data 
needed for EBSP indexing. It has information about space groups and 
Wyckoff equivalent atom positions. It is a replacement for the old 
CRYSTAL program. Twist creates two types of file:  

Crystal files (*.CRY) which contain crystallographic, space/Laue group 
and atom data. 

Match units or Reflector files (*.HKL) which are lists of the predicted 
Kikuchi bands in an EBSP with their associated lattice spacings and 
calculated intensities. 

The CRY files have been extended and now contain Space group and 
Wyckoff symbol information. These new, extended CRY files are 
backwards compatible and will work with older versions of the 
CHANNEL software. 

 

This chapter consists of the following main sections: 

Useful sources of Crystal data 

Running Twist 

Using Twist 

Creating a new Crystal - worked example for Aluminium 

Reading a CRY file in to Twist - add space group info. to older CRY files 

Reflector Intensity Calculations - create an HKL file 

Example: Dolomite - a trigonal mineral 

Viewing Wyckoff formulae 

Example: Clinopyroxene - a monoclinic mineral with indexed EBSP 
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Useful sources of Crystal data 
Metals and Materials: 

Pearson's Handbook, Desk Edition, Crystallographic data for 
Intermetallic Phases, ASM international, 1997.  
ISBN 0-87170-603-2. 

 

Minerals 

American Mineralogist - an extensive database is available on the web: 
http://www.geo.arizona.edu/xtal-cgi/test 

Institute of Experimental Mineralogy RAN. WWW-MINCRYST: 
http://database.iem.ac.ru/mincryst/ 

An Introduction to the Rock-forming Minerals, (and related volumes) 
W.A. Deer FRS, R.A. Howie, J. Zussman, ISBN: 0582300940. 

 

Space Group information: 

International Tables for Crystallography, Vol. A (1983),  
ISBN. 0-7923-2950-3  

Relevant parts of this book are also available on the web:  
Space-Group HyperTABLES: http://ylp.icpet.nrc.ca/SGHT/ 

 

Running Twist 
 

Run Twist as you would any other Windows program. Click on the 
Windows™ Start button, then select Programs, followed by CHANNEL 
5and Twist. 

 
Alternatively, if there is a shortcut on the desktop, just double click on 
the icon. 

 The Twist window will then appear. 
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The Twist Toolbar 
 

 
The Twist toolbar consists of the following buttons: 

 

 New crystal 

 Open CRY file 

 Save CRY file under a different filename 

 Add atom 

 Delete atom 

 Hide/show automatically created Wyckoff atoms 

 

Using Twist 
Twist consists of three pages listed in the table below. 

 

Twist page Comments 

 
Crystallography - Enter crystal name, space 
group, unit cell parameters... 

 
Atoms - Enter atoms: type, Wyckoff symbol, 
coordinates, occupancy... 

 
Diffraction - Reflector (hkl) intensities using 
structure factor calculations. 

 

You need to enter data in the pages, starting at Crystallography. Start at 
the top of the top of the page and work down. 

 
Some of the pages may be disabled until data has been entered in an 
earlier page, e.g. the Atoms page cannot be accessed until a Space Group
is selected. 

 
Missing or incomplete data will be highlighted by making the edit box a 
yellow colour. Greyed edit boxes do not require any input. 

 

 

Twist will also provide information about the next step and any missing 
information. 
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Creating a new Crystal 
In this worked example, the aim is to create an Aluminium CRY file. 

Below, is the entry for Aluminium as it appears in Pearson's Handbook, 
the information that we need to enter has been highlighted. 

Al Structure Type  
Cu 

Pearson Symbol 
CF4 

Space Group 
Fm-3m 

No. 
225 

a=0.4050(2) nm 
Al 4a m-3m x=0 y=0 z=0 occ.=1 
Diffraction data. Powder, T=300 K  
Preparation:  Starting component is Al (3N)  
Comments: Unit cell dimension taken from figure 
T-, p- or concen.dependence: a=0.4035 nm at 50 K, a=0.40367 nm at 
100 K, a=0.40387 at 150 K, a=0.40423 nm at 200 K, non linear 
dependence, (information taken from figure) 
Reference:  J. Bandyopadhyay and K.P. Gupta, "Low temperature 
lattice parameters of Al and Al -Zn alloys and Grüneisen parameter of 
Al." CRYOGENICS, LONDON, 18, 54 -55 (1978). 
  

From the above data, we can extract the following: 

The space group is number 225 (Hermann-Mauguin symbol Fm-3m) 
Note: The other unit cell  
parameters can be inferred. 

The a unit cell parameter is 4.05 Ångstrom. 

Note: X, Y & Z are fractional 
displacements (usually 0 - 1) 
parallel to the unit cell a, b & 
c axes. 

There is an Aluminium atom at Wyckoff position 4a, coordinates (0,0,0), 
this position will produce a total of four equivalent atoms (as indicated 
by the number in the Wyckoff symbol). 

Note: Occupancy (0 to 1) 
indicates how many atoms 
share a particular site 
(X,Y,Z).  

An occupancy of 1 means that this is the only atom that occupies 
position (0,0,0). 

 

Entering crystallographic data 
Firstly, run Twist or click on the New button, . 

Note: You must enter a name 
for the crystal, but the 
Comment and Reference are 
optional 

Enter crystal Name (max. 20 characters), Comment and Reference: 

 
There are several ways of entering the Space group:  
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Note: The list of matching 
space groups will update as 
you type. 

The quickest way, is just to enter the space group number (or symbol) in 
the edit box under the Search tab and press the Search button. 

 or 

 
Note: Some non-standard 
space group settings and cell 
choices are not supported, 
these are indicated by an *. 

A list of possible space groups will be displayed, you need to double 
click on one of the suggestions. Twist will then select the relevant Space 
Group from the List shown under the Space group tab (see following). 

 

 
Alternatively, you can just select a space group from the list shown under 
the Space Group tab (see below). 

 
 

You then need to enter  the unit cell parameters. 
Note: Twist will automatically 
grey out parameters that do 
not require input. 

In the case of Aluminium the "a" unit cell parameter is 4.05 (Ångstroms) 
and this value needs to be entered under Unit Cell Parameters. 

 
  

Entering Atom data 

 
When you have finished entering the Crystallographic data, the Atoms 
button will be enabled. Click on this and switch to the Atoms page. 

Note: White cells are 
complete, grey cells do not 
need any input, and yellow 
cells are incorrect or 
incomplete. 

Twist provides a small spreadsheet for you to enter atom data: 

 

 

Click on the white cell under the Atom column header. 

You need to enter the symbol for the first atom, in this case aluminium. 

You can either type Al directly into the cell or double click and then 
select the atom symbol from a drop-down list. 

Note: Avoid mixing ions (e.g. Na+1) and uncharged atoms (e.g. Na) in a 
structure, use either one or the other. 

 

Press the Tab key to move to the next cell, Twist will automatically 
create a new atom for you and fill in some default data (e.g. occupancy), 
as shown below. 
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If you know the Wyckoff symbol for the atom (4a according to Pearson), 
simply type it in then press the Tab key. Twist will make the X, Y and Z 
cells grey as no values are required for Wyckoff position 4a. 

 
If Twist needs to know any atom coordinates (X, Y or Z) then the 
relevant cells will be highlighted in yellow.  

When Twist has all the information it needs, it will create the equivalent 
atoms (shown as small circles ) under the parent atom. It will also 
indicate the numbers of the created atoms (in this case, 1-4). 

If you click on the Hide Wyckoff atoms button, , the equivalent atoms 
will be displayed: 

 
 

Note: When Wyckoff is set to 
[auto] the general Wyckoff 
formulae will be used to 
generate the equivalent atom 
positions. Any duplicates will 
be removed automatically . 

If you don't know the Wyckoff symbol, then leave it as [auto] and just 
enter the atom coordinates (0,0,0 in the case of Wyckoff position 4a). 
The result is the same: 

 
 

For aluminium, you only need to enter data for one atom, the others will 
be generated automatically. For other materials, you could carry on 
adding atoms. 

Saving a Crystal to a CRY file 

 
When a valid Crystal has been entered, the Save CRY file... button will 
become enabled. 

Press this button and then save the crystal to a CRY file. 
8.3 filenames have up to 8 
characters for the filename 
and 3 characters for the file-
extension.  
For example, ALUMIN.CRY 

Twist will suggest a filename for you (for the aluminium example, this 
will be Aluminim.cry).  

It is recommended that you use an 8.3 style filename and that you save 
the HKL file in your CHANNEL5 directory  
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Reading a CRY file in to Twist 
Click on the Open CRY file button, , then select a CRY file from the 
Open File dialog box. 

 
Twist can read both the older 
CRY files (only Laue group 
defined) and the new, 
extended CRY files (with 
Space group and Wyckoff 
information). 
 

If you open an old-style CRY file, an additional Laue Group tab will 
appear as shown below: 

 

 

If you switch to the Atoms page, you will see that the Wyckoff column 
has been hidden as there is no Space group defined. 

Converting a Laue group to a Space group 
Twist can convert your old-style CRY files to the new, extended format 
(with Space group) but it needs some extra information, particularly the 
Space group. 

If you click on the Search or Space group tabs, Twist will ask if you 
would like a convert the Laue group. Twist will then switch you to the 
Search tab and produce a list of possible Space groups: 

 
Double click on one of the suggestions - you may need to consult other 
data sources to select the correct Space group. 

 

If you switch to the Atoms page, you will see that the Wyckoff column is 
now visible and that the atoms have a Wyckoff position of [none]. 
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Reflector Intensity Calculations 
To index an EBSP, it is necessary to have a description of the relative 
intensities of Kikuchi bands (or reflectors) that make up an EBSP. This 
reflector data is stored in an HKL file. 

Note: The edges of a Kikuchi 
band are defined by the 
planes (h k l) and (-h -k -l). 

Using a Kinematical Electron Diffraction model (see next section), we 
can calculate the expected intensities of the Kikuchi bands (reflectors). 
These are given in the following table, for families of reflectors. 

 

Reflectors No. d-spacing, Å Intensity % 

{111} 4 2.338 100.0 
{200} 3 2.025 69.4 
{202} 6 1.432 27.6 
{113} 12 1.221 18.2 
{222} 4 1.169 16.2 
{400} 3 1.013 11.2 
{331} 12 0.929 9.0 
{402} 12 0.906 8.4 
{422} 12 0.827 6.6 

etc.    
 

The example image, below, shows an Aluminium EBSP (right) with an 
overlay of families of Kikuchi bands shown in colour (left). 
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Structure Factor Calculations 
The intensity, I, of a Kikuchi band is calculated using a Kinematical 
electron diffraction model which calculates the structure factor for a 
particular reflecting plane (hkl) using the following formulae: 

I F hkl≡ ( )  

[ ]F  f exp - 2 i(h x k y l z )(hkl) g g g
g 1

N

= ⋅ ⋅ + ⋅ + ⋅
=
∑ π g

 
where: 

I  the intensity of the plane (hkl) 
F hkl( )   the structure factor for plane (hkl) 

N  the number of atoms in the unit cell 

  the atomic scattering factor f g

h, k, l  the lattice plane indices 

x, y, z  the atom position of atom g. 

Calculating reflector intensities 

 
Once a valid CRY valid has been created or loaded, the Diffraction 
button will be enabled. Click on it and you will see the Diffraction page:

 
The Min. spacing, Å edit box allows you to enter a minimum lattice 
spacing. The smaller the value, the longer the calculations will take. The 
default value, 0.5, is appropriate for most materials 

 

 
Click on the Calculate button to start the structure factor calculations. 

 
Average structure factor 
projected onto the k-l plane. 

A progress bar and a structure factor schematic show how far the 
calculations have progressed. The number of reflecting planes (hkl) and 
the total number that have been examined are also displayed. 

If the calculations are taking too long, you can press the Stop button. 

When the calculations have finished, a list of reflectors will appear: 
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The cutoff reflector is the last 
reflector in the list that will be 
saved to file. Twist will 
automatically keep a family of 
planes intact. 

Twist will automatically select a cutoff reflector for you, but you can 
change the cutoff by clicking on the list. The reflectors that are 
highlighted will be saved to file. 

Saving Reflectors to an HKL file 
Note: The new indexing software in CHANNEL 5, "Flamenco", does not 
need the reflector file for indexing EBSPs (it calculates the reflectors 
itself). Therefore it is not necessary to follow the procedures outlined in 
this section. 

Once a valid set of Reflectors have been calculated and a reflector cutoff 
selected, the Save HKL file.. button will become enabled.  

 
Click on the Save HKL file... button and save the reflectors to a file. 

8.3 filenames have 8 
characters for the filename 
and 3 characters for the file-
extension. For example, 
ALUMIN44.HKL 

Twist will suggest a filename based on the CRY file with the number of 
reflectors appended, (for the aluminium example, this will be 
Alumnm56.hkl).  

It is recommended that you use an 8.3 style filename and that you save 
the HKL file in your CHANNEL5 directory  
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Example: Dolomite 
Note: Other structures are 
also available. 

In this example, we will create a CRY file for a Dolomite. 

Note: The relevant parts have 
been highlighted.  
The unit cell parameters 
(a=4.805Å, b=4.805Å, 
c=16.022Å, alpha= 90°, 
beta=90°, gamma=120°) and 
Space group symbol (R-3) are 
in line 6. 
Where the occupancy is not 
specified it can be assumed to 
be 1 

The American Mineralogist on-line database gives the following data: 
Dolomite
Reeder R J, Wenk H R
American Mineralogist 68 (1983) 769-776
Structure refinements of some thermally disordered  
dolomites
sample DO - 1100
4.805 4.805 16.022 90 90 120 R-3
atom     x      y      z  occ B(1,1)...
Ca1      0      0      0 .877 ...
Mg1      0      0      0 .123 ...
Ca2      0      0     .5 .124 ...
Mg2      0      0     .5 .876 ...
C        0      0  .2442      ...
O    .2516 -.0277 .24514      ...  

From which we can enter the following: 

 

Choosing the correct Space Group 
For Dolomite, with space group R-3, there are two choices of axes, either 
hexagonal or rhombohedral. In this case, the data is for the hexagonal 
choice - this is shown by the gamma unit cell parameter being 120°. 

If we now double click on the first suggestion (148h R -3; hexagonal 
axes), Twist will tell us it needs the a and c unit cell parameters. 
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From the American mineralogist data, these are 4.805 and 16.022Å. 

 

Adding Atoms for Dolomite 
From the American Mineralogist data we have the following atoms: 

Atom ID Atom X Y Z Occupancy 

Ca1 Ca 0 0 0 0.877 
Mg1 Mg 0 0 0 0.123 
Ca2 Ca 0 0 0.5 0.124 
Mg2 Mg 0 0 0.5 0.876 
C C 0 0 0.2442 1 
O O 0.2516 -0.0277 0.24514 1 

These can be entered in the Atom spreadsheet as follows: 

 
In this case, we don't know the Wyckoff symbol so we have to use [auto] 

 If you click on the Hide Wyckoff atoms button the equivalent atoms will 
be displayed. 

From the example below, we can see that the Carbon atom at 
(0,0,0.2442) produced six equivalent atoms.  
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Entering any of the 6 coordinates would produce these same six carbon 
atoms, but not necessarily in the same order. For example, we can take 
the last atom in the group of six and use that: 

 
Note: Twist uses 5 decimal places for calculations. Care must be taken 
when rounding numbers, e.g. 0.66667 is different to 0.667. 
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Viewing Wyckoff formulae 
At the bottom of Twist's Atoms page, there is a panel with a list of 
Wyckoff symbols for the relevant Space group. 

Twist will warn you if the 
coordinates you have entered 
do not generate the correct 
number of atoms.  
For example if you use (0,0,0) 
with Wyckoff 18f you will only 
generate 3 atoms not the 
expected 18. 

The number of atoms that a Wyckoff symbol will generate is indicated 
by the number in the symbol, e.g. 18 atoms for 18f. 

 
The general position can be 
used to generate all the other 
equivalent position after 
removal of duplicates. 

The last Wyckoff symbol (18f in this case) is for a general position 
(X,Y,Z) in the crystal's unit cell. 

 

Note: For some space groups, 
you also need to combine the 
formulae with a set of 
coordinates - (0,0,0) 
(2/3,1/3/,1/3) and 
(1/3,2/3,2/3) in this case.  

If you click on the plus symbols, , you can view the formulae used to 
generate the equivalent atom positions for a particular Wyckoff symbol. 

 
 

It is easy to see that the Carbon atom from the previous example must be 
Wyckoff symbol 6c, as it is the only symbol with six atoms. 

Note: Allowing for differences 
on the 5th decimal place. 

If you change the Wyckoff symbol for Carbon to 6c, you get the same 
coordinates as before. 
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Twist automatically worked out that it only needed the Z coordinate and 
it turned the X & Y cells grey to indicate this. 

 
Note: If possible, always use 
the Wyckoff symbol rather 
than [auto].This will 
guarantee that the generated 
atoms are in symmetrically 
equivalent positions.  
If you use [auto], there is a 
small chance that rounding 
errors (e.g. 0.333 instead of 
0.33333) will produce 
incorrect atoms. This could 
result in inconsistent reflector 
intensities in your HKL file 
and indexing difficulties. 

If we convert all the entries to proper Wyckoff symbols (recommended), 
then the atoms spreadsheet could look as follows (created atoms have 
been hidden): 

 

 

Example: Clinopyroxene 
In this example, we will create a CRY file for a general Clinopyroxene. 

Note: The relevant parts have 
been highlighted.  
The unit cell parameters 
(a=9.794Å, b=8.906Å, 
c=5.319Å, alpha= 90°, 
beta=105.9°, gamma=90°) 
and Space group symbol 
(C2/c) are in line 6. 
Where the occupancy is not 
specified it can be assumed to 
be 1. 

The American Mineralogist on-line database gives the following data: 

Clinopyroxene 
Peacor D R 
American Mineralogist 52 (1967) 31-41 
Refinement of the crystal structure of a pyroxene
of formula M1M2(Si1.5Al0.5)O6
9.794 8.906 5.319 90 105.90 90 C2/c 
atom     x     y     z occ B(1,1)... 
Mg1      0 .0932   .75 .57 ... 
Fe1      0 .0932   .75 .22 ... 
Al1      0 .0932   .75 .14 ... 
Ti1      0 .0932   .75 .07 ... 
Ca2      0 .6957   .75 .98 ... 
Mn2      0 .6957   .75 .01 ... 
Na2      0 .6957   .75 .01 ... 
Si   .2129 .4072 .7728 .75 ... 
Al   .2129 .4072 .7728 .25 ... 
O1   .3870 .4122 .8623     ... 
O2   .1379 .2454 .6811     ... 
O3   .1482 .4811 .0083     ...  

From which we can enter the following: 
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Choosing the correct Space Group 
Note: For monoclinics, it is 
usual for b to be unique axis. 

For space group C2/c (monoclinic) there are two choices of unique axis, 
either b or c. In this case, the data is for the b unique axis (as beta is not 
90°). 

If we now double click on the first suggestion: C 1 2/c 1 (C2/c); (b 
unique), Twist will tell us that it needs the a, b, c and beta unit cell 
parameters. These are entered as follows: 

 

Adding Atoms for Clinopyroxene 
From the American Mineralogist data we have the following atoms: 

Atom ID Atom X Y Z Occupancy 

Mg1 Mg 0 0.0932   0.75  0.57  
Fe1 Fe 0 0.0932   0.75  0.22 
Al1 Al 0 0.0932   0.75  0.14 
Ti1 Ti 0 0.0932   0.75  0.07 

Ca2 Ca 0 0.6957 0.75 0.98 
Mn2 Mn 0 0.6957 0.75 0.01 
Na2 Na 0 0.6957 0.75 0.01 

Si  Si 0.2129 0.4072  0.7728  0.75  
Al Al 0.2129 0.4072  0.7728  0.25 

O1 O 0.3870 0.4122 0.8623     1 
O2 O 0.1379 0.2454 0.6811 1 
O3 O 0.1482 0.4811  0.0083     1 
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These can be entered in the Atom spreadsheet as follows: 

 
In this case, we don't know the Wyckoff symbol so we use [auto]. 

Although  

 If you click on the Hide Wyckoff atoms button the equivalent atoms will 
be displayed. 

Indexing a Clinopyroxene EBSP 
Below is an example EBSP from Clinopyroxene which has been indexed 
using the above CRY file and an HKL file created from it (94 reflectors) 

The weak (600) reflector is shown in red and the (060) in blue. The a axis 
lies along the (060) reflector and b is along (600). 
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Unit Cell Simulation 
 

Twist has a useful facility that allows you to view the unit cell with the 
atom positions in a 3-D simulation. 

Select Atoms | View 3-D Crystal. 

The 3-D Crystal viewer window will appear: 

 
 

You can freely rotate the simulation using the mouse, or you can type in 
specific Euler angles. 

If you would like to show many repetitions of the unit cell, then select the 
number of repetitions from the drop down list labelled "Repeats". (If this 

is not visible, then click on the tools icon, . 

 Tip: before you choose to repeat the unit cell many times, put a tick in 
the box marked "Fast graphics" to speed up the process. 
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At the lower left of the 3-D Crystal Viewer window are some more tools 
- here you can choose to display individual planes or crystal directions, 
or, if you have calculated a reflector list (i.e. you have pressed on the 
"Calculate" button in the diffraction mode of Twist - see the section 
Calculating Reflector Intensities earlier in this chapter), then you can 
view a 3-D EBSP simulation: 

 
Press on Close to return to the main Twist window. 
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Flamenco -  an Introduction 

Overview 
 

This section will introduce the EBSD data acquisition software of the 
CHANNEL 5 system - "Flamenco". It will show you how to set up the 
software to suit your requirements, there are tips on how to make EBSD 
data acquisition easier and there are some basic instructions on how to 
prepare your samples and to set up your SEM for EBSD analysis. 

Note: The following few chapters will have more detailed instructions on 
how to acquire data using Flamenco. 

 

 

This chapter consists of the following sections: 

Your EBSD System 

Introducing Flamenco 

Starting Flamenco 

Managing the Layout 

User Profiles 

Specimen Preparation 

Setting up your SEM 
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User and EBSD requirements 
 

It is assumed that you, the user, are familiar with the safe operation of 
your Scanning Electron Microscope (SEM) and related equipment and 
have the following : 

a) Basic SEM skills, e.g. focussing, specimen movement, changing 
magnification, producing images and switching to spot mode. If any of 
these are unfamiliar, please refer to your SEM manuals. 

b) A basic knowledge of the Windows™ environment. 

c) Basic EBSD specimen preparation skills or assistance from someone 
with such skills. 

d) A basic understanding of crystallography. 
 

If you feel you cannot satisfy these requirements then please approach 
your SEM and computer support personnel or contact HKL Technology 
before using the system. 

Note: We hold User Meetings and can provide training if required. 

 

Your EBSD System 
 

Your EBSD system consists of the following components: 

 

Microstructural imaging system (optional) to produce a quick SEM 
image of the microstructure of a specimen using either forward scattered 
or absorbed electrons. 

 

EBSD detector (camera) and control unit - produces an EBSP. 

EBSD computer - to run the EBSD software and control the EBSD 
hardware (e.g. frame grabber) 

SEM automation - beam and stage control (optional) for mapping... 

EBSD analysis software Flamenco - to measure orientation, phase, 
quality... 

 

Post-processing software - to process and analyse the EBSD data and 
present it in different ways: Tango for mapping, Mambo for pole figures, 
Salsa for ODFs. 
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Introducing Flamenco 
 

Flamenco is an advanced software package that is designed to allow 
complete analyses of samples using the EBSD technique. In order to suit 
both expert users and newcomers to the EBSD technique, Flamenco has a 
structure that can be tailored to benefit individual users. It is also 
designed to work equally well with different system configurations (e.g. 
beam control, imaging system, stage control etc..). On installation the 
system will have been set up to interact correctly with the appropriate 
hardware components. 

 

The added flexibility and capability of Flamenco has necessitated a 
completely new design as compared to the previous CHANNEL EBSD 
acquisition software. Therefore existing CHANNEL customers should 
spend some time familiarising themselves with the layout of the new 
software. 

 

The structure of Flamenco is based upon the different modes of use. 
These are: 

1. Imaging - the acquisition and manipulation of an SEM image 

2. Set Up - adjusting the parameters necessary for accurate and effective 
acquisition of EBSD data. 

3. Interactive - the collection of EBSD data by manual point by point 
analysis 

4. Automatic - automated EBSD analysis using beam or stage control 
(e.g. orientation mapping) 
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Starting Flamenco 
 

 
Run Flamenco as you would any other Windows program. Click on the 
Windows Start button, then select Programs, followed by CHANNEL 5 
and Flamenco. 

 
Alternatively, if there is a shortcut on the desktop then just double click 
on the Flamenco icon. 

 

If no other CHANNEL 5 programs are running then the User Profile 
dialog box will appear. 

Simply select a profile (either a user name or a material name) or create a 
new profile. 

 

Tip: User Profiles allow several users to maintain their own settings, or 
you can create profiles that are suited to particular materials. 

Tips: To create a new profile simply type a name and click OK.  The 
Delete button allows old or unused profiles to be removed.  The user can 
copy settings of a profile under a new name by clicking on the Copy 
button.  The Sort list button can be used to sort the existing list of profiles 
in alphabetical order.  
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Managing The Layout 
 

On starting Flamenco, the main program windows will automatically 
open. The windows structure of Flamenco can be divided into 3 parts: 

The Menu Panel - this is where the main controls and menus are located, 
either in the form of drop-down lists or buttons/icons. The mode of use, 
as outlined in the "Introducing Flamenco" section, can be chosen using 
the buttons in the Menu Panel. 

The Workspace - this is where the main display pages are located, such 
as the SEM image, the live EBSP and the solution page. Different 
arrangements and combinations of pages can be displayed. 

The Property Control Panel - this is where information and parameters 
relating to the active page in the workspace are displayed. For example, if 
the solution page is active, then the property control panel will show 
parameters for the display of the solution and the details of the 
solution(s). the width of the Property Control Panel can be changed by 
dragging the mouse on the right hand edge.  

 
 

Docking and Undocking Windows 
 

The layout of the windows in Flamenco can be adjusted in many ways - 
their size, position and whether or not they are docked or undocked. 
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The 3 main windows as outlined above are by default docked together as 
shown in the image. However, by positioning the mouse over the title bar 
of any window, and dragging the mouse whilst pressing the left mouse 
button, it is possible to undock the window and to position it freely about 
the screen.  

 

Flamenco can in this way be set up as follows: 

 
 

 

In order to re-dock any floating window, it s necessary to drag it over the 
lower edge of the "host window" (e.g. the Menu Panel) until the window 
outline snaps into alignment. 

 

It is also possible to dock and undock the individual pages within the 
Workspace in the same way. When they are docked, they appear as tabs 
with the relevant labels: 
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At all times they can be resized using the zoom controls which apply to 
the page highlighted at any one time. 

 

 

The customise zoom option allows the user to ‘Add’, ‘Edit’ and ‘Delete’ 
a magnification zoom factor that does not exist in the standard list. 

 The user can ‘Add’ a new and ‘Edit’ an old magnification zoom factor 
by typing a value between 5 and 1000%. 

 
Windows and pages can also be docked using the shortcut icon on the 
Menu Panel. This helps to restore a tidy default layout with a single 
click. 

Setting up the workspace 
 

There are 8 different pages available in the workspace. However, it is not 
necessary to have all of these pages displayed at any one time. Flamenco 
allows you to set up the workspace so that only the necessary pages are 
available in each mode of use (see the "Introducing Flamenco" section). 

 

Select View | Customise from the drop down list in the Menu Panel, and 
the following window will appear: 
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By checking the relevant boxes on the right hand side, it is possible to 
define which pages are available for each of the 4 different modes of use. 
On installation, sensible default values will be loaded. It is possible to 
revert back to these default settings by clicking on the "Set to Defaults" 
button. 

 If you would like the appearance (i.e. position and zoom factor) of each 
page to vary between the 4 modes of use, then check the box marked 
"Separate layouts...": 

 
 

 

Locking the Property Control Panel 
 

Occasionally it is desirable to lock the Property Control Panel so that it 
remains linked to one of the pages in the workspace. For example, during 
an automated run you may wish to view the solution display on the 
Property Control Panel whilst the workspace shows the SEM image (with 
orientation map overlay).  

 
To do this, simply highlight the relevant page in the workspace and then 
click on the lock icon at the top of the Property Control Panel. Even 
when you highlight different pages in the workspace, the Property 
Control Panel will remain locked. 

 
To unlock the Property Control Panel simply click on the lock icon once 
again. 

 

The Cycle Control Window 
 

The collection of EBSD data involves the following steps: 

Position beam (and acquire live EBSP) → freeze the EBSP → locate 
Kikuchi bands → Index EBSP → Save result to file → repeat. 

The status of this EBSP analysis cycle is controlled by the Cycle Control, 
and displayed in the cycle control window.  

The appearance of the cycle control window varies depending on the 
mode of use. For example, when in Set-Up mode, it is not possible to 
save data and therefore the cycle control has no "save result" button. It is 
also possible to dock the cycle control window into the Menu Panel, 
where it takes a reduced form. This is done by dragging the Cycle 
Control window with the mouse into (or away from) the Menu Panel. The 
different appearances are as below: 
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Mode: Set Up Interactive Automatic 

Un-docked: 

 
Docked: 

  

 

Further details about using the Cycle Control window are in the 
Flamenco-EBSD Acquisition chapter. 

The Match Units window 
 

In order to index EBSPs, Flamenco needs to know which phase (or 
"match unit") is being analysed. This information is controlled by the 
Match Units window. 

 
The match units window can be viewed by selecting View | Match 
Units, or by clicking the shortcut icon. Once open, it can be freely 
positioned on the screen and resized in the usual windows manner. 

 

Oxford Instruments HKL Technology CHANNEL 5 Flamenco -  an Introduction  •  3.9 



 

To hide the match units window, simply close it as you would any 
window. Further details about the use of match units are given in the 
relevant section of the chapter Flamenco-EBSD Acquisition. 
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User Profiles 
 

All the CHANNEL 5 software modules have individual user profiles, 
which are loaded on start-up. These are extremely useful for 
remembering your previous settings, and nowhere more so than with 
Flamenco. The following features are all stored in your personal profile: 

 

All windows and pages positions and sizes 

The last imaging control settings 

The last calibration settings 

The last Kikuchi band detection settings 

The last used match unit(s) and database(s) 

The last SEM settings 

All the last used directories and folders 

 

Tip: It may be that you have a number of users working on a particular 
material or similar samples. In such cases you might wish to create 
profiles for certain materials (e.g. Steel, Aluminium etc..) which different 
users can then utilise. 

 

Specimen Preparation 
 

Introduction 
Important: HKL 
technology accepts no 
responsibility for the safety 
of these guidelines. Always 
follow the manufacturer's 
health and safety 
instructions. 

Specimen preparation is critical and is highly dependent on the material 
and microstructure. The EBSP signal usually comes from a few surface 
layers of atoms and deteriorates if surface damage or films are present. 

Here some general guidelines for specimen production: 

Aim for a flat, well-polished specimen - try mechanical polishing first 
(down to 1 µm diamond paste, then colloidal silica) 
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Try to make the specimen less than 20mm tall - EBSD requires a tilted 
specimen and large specimens can hit the SEM pole-piece or a detector. 

Electropolishing can give an excellent surface finish, but it can also 
produce oxide films and a rough surface. 

Avoid transparent mounts - use a conductive mounting resin (carbon) 
where possible to minimise specimen charging.  
Note: Mounts can produce surface deposits when electropolishing. 

A reference mark (or edge) on the specimen is very useful for alignment. 

 

Mechanical polishing recipes 

 

Metals - Steels, Superalloys... 

Mount in conductive resin (carbon), grind, polish down to 1 micron 
diamond as usual, then finish with colloidal silica for 10-20 minutes.  
Note: A little surface relief may be seen near particles. 

 

Insulators - Rocks, Ceramics... 

Mount in conductive resin (carbon), grind, polish down to 1 micron 
diamond as usual, then finish with colloidal silica for several hours.  

 

Electropolishing recipes 
for an extensive database, 
see 
http://kaker.com/etch/demo
/ 
 

Once you have a reliable recipe, electropolishing can be quite simple, but 
it is very dependent on the specimen. 

You need to first cut the specimen to size, mount it, grind it, then polish 
it down to 1 micron diamond.  

 

Note: Electropolishing a mounted specimen can sometimes leave a 
surface deposit; if it does, break the specimen free first. 

Metals - general recipe 

Electropolish in 5% perchloric acid in ethanol at -25°C (minus 25°C).  
Times and voltage will be material dependent.  

 

Advice for working with insulators 
An extremely thin carbon coat should help with charging problems, but it 
is always worth trying the specimen uncoated. Carbon coaters that use 
carbon strings can usually deposit a very thin, even coating (carbon rods 
tend to produce much thicker coatings with lots of debris.) Add a 
conductive track (carbon or silver dag) from the carbon coat to an earth. 
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Tip: Mechanically polishing small ceramic specimens in conductive 
mount (carbon), seems to remove the need for carbon coating. 
Presumably the carbon in the mount coats the specimen.  
(From Singh Ubhi, DERA) 

 

Tip: Coating with gold or carbon before the final colloidal silica 
polishing stage can create a conductive network in boundaries, cracks and 
voids - very useful for many rocks. 

 

Tip: Tilt your uncoated specimen before you switch on the electron 
beam, you may find it charges less. (From Dave Prior, Liverpool) 

 

 

Setting up your SEM 
 

These are intended as general instructions only, and the details will vary 
from one electron microscope to another. If in doubt, consult your SEM 
handbook or ask an experienced operator for advice. 

 

Positioning the specimen in the SEM 
Note: Some systems may 
use a pre-tilted specimen 
holder. 

Vent the SEM chamber, place the specimen (or calibration sample) in the 
SEM using a suitable holder.  

The specimen should be carefully tilted to ~70° from the horizontal 
towards the EBSD detector. Use the stage to carefully move the 
specimen to about 20mm working distance. 
Note: Take care not to hit anything, e.g. a detector. 

Note: Some SEMs can 
rotate the specimen about 
the surface normal 

If possible, align the specimen's reference mark (or edge) with the 
microscope axes (usually the stage.)  

Carefully close the SEM chamber door and pump down the chamber. 

Configuring the SEM for EBSD 
Note: You will need to 
experiment to find the 
optimum parameters for 
your system. You can enter 
this data in the table below. 

Switch on the SEM filament and set to standard EBSD operating 
conditions, below. 

Produce a secondary electron image of the specimen at about 200 times 
magnification. Focus on the specimen then carefully adjust the specimen 
height until the image is in focus at the standard working distance 
(below). 
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Parameter Example Optimum 1 Optimum 2 

Working distance 20 - 25 mm mm mm

Accelerating voltage 20 kV kV kV

Beam current 10 nA nA nA

 

 

Once you have decided upon a suitable magnification, tilt angle and 
accelerating voltage for the analysis of your sample, enter the values into 
the SEM panel in Flamenco. This is usually located docked into the 
Menu Panel, and can be activated by clicking on it. Alternatively, select 
View | SEM Panel.  

The following window will appear: 

 
 

Simply type in the relevant numbers and close the window. Remember to 
amend the settings every time you subsequently change the 
corresponding SEM parameters. 

The SEM conditions (Accelerating voltage and magnification) can be 
read and set automatically, for major SEM types, via a communication 
link between the EBSD-PC and the SEM-PC.  You can find out if it is 
possible to activate this feature on your system by contacting HKL 
Technology, (e-mail: mailto:HKLsupport@oxinst.com) 

 

 

Press the ‘Auto’ button to continuously read the SEM settings (kV, 
Mag.) in regular periods (usually about 3 seconds). 

Press the ‘Read’ button, while the ‘Auto’ button is depressed, to read the 
SEM conditions and set them automatically into Flamenco only when 
needed. 
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Tip: It is usually safer to depress the Auto button and use only the Read 
button, when running EBSD map jobs over a long time.  The SEM 
settings (kV and Mag.) should not change during EBSD mapping. 

Oxford Instruments HKL Technology CHANNEL 5 Flamenco -  an Introduction  •  3.15 



Flamenco - Imaging 

Overview 
 

Flamenco has an optional integrated imaging system that allows the user 
to collect and manipulate images of the sample surface using the SEM. 
These images can be acquired using any of the detectors available in your 
SEM: for example, secondary electron (SE) detectors, conventional pole-
piece backscattered electron (BSE) detectors (for atomic number 
contrast) or even forescatter detectors (for orientation contrast images). 
The acquired images can then be used to help with subsequent EBSD 
analyses, allowing the user to define accurately the sampling locations 
(either individual points or the areas/lines to be analysed using automated 
EBSD scanning). 

 

This chapter will show you how to acquire and to enhance an image and 
how to store this image for use in subsequent EBSD analyses. There is 
also a section outlining the default procedure for installations without an 
imaging system. 

 

This chapter contains the following sections: 

Starting the imaging system 

Acquiring an image - collecting and enhancing an image of the sample 
surface 

Saving and exporting images 

Using an image for subsequent EBSD analyses 

Calibrating the imaging system 

Working without an imaging system 
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Starting the imaging system 
 

The imaging system is fully integrated into the Flamenco indexing and 
acquisition software. Therefore the imaging system will start up 
automatically when Flamenco is run.  

 

Run Flamenco as described in the previous chapter, Flamenco -An 
Introduction. 

 

Flamenco will automatically start in the Imaging Mode, with the imaging 
window in the centre and the tool bars visible on the Property Control 
Panel on the left. Initially the image will be black, until an image has 
been acquired: 

 
 

 

(Note: For further information about the layout of Flamenco, refer to the 
Flamenco - An Introduction chapter and the section on the layout.) 
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Acquiring an image 
 

Setting up the SEM 
Many of the parameters necessary for the acquisition of a good quality 
image of your sample's microstructure cannot be controlled by Flamenco, 
and need to be set up using your SEM controls. Therefore, before you 
start acquiring an image, ensure that the following SEM parameters are 
correctly set: 

• Beam conditions (probe current, accelerating voltage, spot 
size) 

• Magnification 

• Focussing (although this can be done with the help of 
Flamenco's imaging system) 

• Scan rotation 

Then make sure that the correct signal type is selected on the SEM (e.g. 
BSE, SE...). 

 

For most systems, the SEM should be switched to External Beam Control 
mode (see table below or consult your SEM manual or manufacturer). 
Note that Flamenco can switch some SEMs into and out of external beam 
control mode. 

 
Philips XL30/40 Leo Gemini Jeol 840, 6300...  

In Microscope Control 
program: 
Scan ¦ External XY 

In SEM program: 
Tool | Goto Panel... 
Ext Scan Control 
Press Ext ON button 

Set switchbox to External 
Scan and Video Blanked 

 

Note: On some SEMs (e.g. Jeol 840), External Beam Control mode 
produces a bright spot on the SEM screen to show the beam position. To 
avoid damaging the monitor, you should either lower brightness and 
contrast or switch on Screen/Video blanking (if available). 

 

Scanning 
 

Oxford Instruments HKL Technology CHANNEL 5 Flamenco - Imaging • 4.3 



 
To start the scanning of the electron beam, click on the scanning button. 
You will see the image start to scan down the window and to continue 
refreshing after each frame. If there are any instabilities in your sample 
(e.g. charging or drifting problems) then these will be apparent as the 
image will shift slightly after each scan. 

 
To freeze the scanning at the end of the frame, click on the freeze at end 
of frame button. 

 
To freeze the scanning immediately, click on the freeze now button. 

On some systems it may be possible to switch between 2 sources for the 
image (e.g. a secondary electron source or a backscattered electron 
source). This can be done by selecting the desired image source from the 
drop down list marked "Source". For most systems, however, this should 
stay set on "Video 0". 

 

Enhancing 
 

During scanning it is possible to improve the quality of the image using 
the controls in the Property Control Panel to the left of the image. 

 

 

To reduce the noise in the image, use the Averaging controls. 

Increasing the Pixel Averaging value will increase the time spent 
acquiring the signal at each pixel in the image. This provides the best 
quality image when using forescatter detectors. 

Increasing the Line Averaging value will increase the number of times 
each line is acquired, and is best used when sample charging may be a 
problem. 

 

Tip: combine both pixel and line averaging to obtain the best quality of 
image. 

 

 

To improve the contrast and brightness of the image, use the contrast and 
brightness controls in the Property Control Panel.  

The best results are achieved by changing these values whilst scanning is 
active. 
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Focusing 

In order to focus the image, click on the focus button, , adjacent to 
the image. This will open up a small focussing window within the main 
image, which can be resized and repositioned using the mouse: 

 

 
 

Actual focusing should be done using the SEM controls - consult your 
SEM handbook for the exact procedure. 

 

Changing the image size 

 

Before scanning (i.e. when the image is frozen), it is possible to change 
the pixel dimensions of the image and therefore the resolution. This can 
be done by choosing from the drop down list in the Property Control 
Panel, labelled Size (pixels).  

Then scan the image once again (see the section "scanning") to create the 
new sized image. Selecting a larger size will obviously provide better 
resolution, but the scan speed will be correspondingly slower.  

 

Adding a comment 

 

It is possible to add a comment to the panel below your SEM image (e.g. 
the sample name). To do this, double click with the mouse just below the 
SEM Magnification and a new dialogue box will pop up: 
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Simply type in your comment and click on OK. Alternatively, you can 
choose Edit | Comment... from the drop down menus and the dialogue 
box will also appear. 

 

Note: the comment will only become visible after you click on the SEM 
image. 

 

Tilt Correction and Magnification 
In order for your SEM image to appear correctly with the right scale bar, 
you need to set the tilt angle, SEM magnification and tilt correction 
appropriately. 

All the parameters concerning the SEM conditions can be set using the 
SEM settings box as described in Flamenco - an introduction. This is 
normally docked in the Menu Panel, and the settings can be changed by 
clicking on the panel and editing the pop up dialogue box: 

 
Alternatively, you can change the settings by choosing View | SEM 
Panel from the drop down menus and editing the dialogue box as before. 

Furthermore the SEM conditions ( Acceleration Voltage (kV) and 
Magnification) can be read automatically for the major SEM types via a 
communication link between the EBSD-PC and the SEM-PC as 
described in Flamenco – an introduction. 
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It is possible to correct for the tilt angle in order to create non-distorted 
images.  

If your SEM has Scan rotation, tilt correction and/or dynamic focusing 
facilities, you should use them wherever possible to correct for the effects 
of the tilted specimen (see images below.)  

 

   
 

For example: Planotec 
silicon test specimen or 
SIRA grid. 

You should also check your scan orthogonality and SEM magnification 
with a calibration grid of known pitch (10µm in the images above). 

It is recommended that a magnification of at least 200 times is used to 
minimise SEM scan distortion. 

 

If your SEM does not have a tilt correction facility, then you should use 
the tilt correction in Flamenco. Firstly check that the correct tilt angle has 
been entered into the SEM panel and then ensure that the check box 
labelled Tilt Correction in the Property Control Panel has been ticked:  

 
It is also possible to switch Flamenco's tilt correction on or off using the 
menu item Tools | Flamenco Tilt Correction.... 

 

Note: It is important that the tilt correction is switched on either on the 
SEM or using Flamenco, as this will affect the beam scanning accuracy 
in any subsequent automated job. 

 

Note: Do not have the tilt correction switched on both on the SEM and in 
Flamenco, as this will result in doubly-corrected (i.e. distorted) images. 
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Saving and exporting images 
 

 

Once an SEM image has been collected, it is possible to save the image 
for later use. To do this right mouse click on the SEM image and a pop 
up menu will appear. Either copy the image to the clipboard (for use with 
other applications) or else choose "Save as".  

You can save the image as a windows bitmap, a tiff file, a jpeg file or a 
windows metafile. 

 

 

Using an image for subsequent EBSD analyses 
 

Once an image has been collected and frozen, it can be used to define 
sampling locations in any subsequent EBSD analysis.  

When you proceed to one of the EBSD analysis modes (e.g. Interactive 
or Automatic), you have the option of viewing the frozen SEM image 
(see the chapter Flamenco - EBSD Acquisition). You can then utilise this 
image to define individual EBSD sampling points, line scans or 
automated mapping areas. Full details on how to do these things are 
given in the following chapter, Flamenco -EBSD Acquisition. 

 

Note: If your sample is liable to charge or drift, then it is advisable to 
return to the imaging mode and to acquire a new image at regular 
intervals. This will ensure that subsequent EBSD sampling points are 
located correctly. 

 

Calibrating the imaging system 
 

Your imaging system should be properly calibrated on installation by an 
HKL Technology representative and, in general, you should not need 
subsequently to adjust the calibration. However, if you do need to 
recalibrate your imaging system (for example, if you move the software 
onto a new computer), then the instructions are given in this section. 

There are two types of imaging systems, ISA and PCI types, where the 
calibration routine is different for each.  Check the type of imaging 
system installed before you continue. 
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There are 2 parameters that need to be calibrated with either imaging 
system - the geometry and the magnification. 

 

Loading a sample for calibration 
Ideally you should use a calibration sample (e.g a Planotec silicon trst 
specimen or a SIRA grid) to ensure the best accuracy.  

1. Load the sample in your SEM and position it at the working distance 
that you most commonly use for EBSD analyses. 

2. Switch on the beam and set the magnification to a moderate value (e.g. 
200 - 500×) 

3. Adjust the tilt correction (where available), scan rotation and dynamic 
focus controls on your SEM to ensure that the image has no distortion 
(see the earlier section - Tilt correction and Magnification). 

4. If possible, check the the magnification reading of your SEM is correct 
(i.e. measure a known distance on the sample surface). 

5. Start Flamenco and ensure that the SEM magnification is correctly set. 

6. Scan an image using Flamenco and adjust the settings as required.  

Note: it is advisable to use longer times for pixel and line averaging 
during the calibration process. 

ISA imaging system - Calibrating the geometry 
To calibrate the geometry, follow these steps: 

1. Select Calibration | Geometry Calibration... from the menu list. The 
Scan generator window will appear.  

2. Click on the Scanning button and scan the image: 
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3. While it is scanning, adjust the sample position so that there is a grid 
intersection at the centre of the red circle (as in the above image). 

4. Adjust the X stroke and the Y stroke controls so that there are the same 
number of grid squares across the circle in both X and Y directions (as in 
the above image). 

5. Stop the scanning and check that the field of view in the Scan 
generator window is the same as that on the SEM (i.e. same number of 
grid squares - if possible freeze an image on the SEM for comparison). 
Adjust the X and Y positions as necessary. 

6. Click on OK when you have finished - the following warning will 
appear: 

 
Click on Yes. 

7. Close and restart Flamenco for the changes to take effect. 

Note: You should not need to alter the voltage settings, as these are set 
for your SEM. However, if you need to know the appropriate settings 
then contact HKL Technology for assistance (e-mail: 
mailto:HKLsupport@oxinst.com) 

 

ISA imaging system - Calibrating the 
magnification 
To calibrate the magnification, follow these steps: 

1. Select Calibration | Magnification Calibration. The calibrate 
magnification window will appear. 

2. Click on scanning to acquire an image and freeze the image: 
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3. Using the cursor, click on 2 points in the image a known distance apart 
(e.g. for a SIRA grid, the same edge of 2 grid lines as shown in the above 
image). A red line will mark the distance. 

 

4. In the Distance edit box, type in the correct distance in the box marked 
"Original/µm". 

5. Click on OK. the following warning will appear: 

 

 
Click on Yes. 

6. Close and restart Flamenco for the changes to take effect. 

 

ISA imaging system - Checking the Calibration 
The calibration of the imaging system can be checked and adjusted 
without using a calibration sample (although we recommend that you 
leave the original settings from the system installation). 

Firstly you should find an area of your sample that has some prominent 
features (e.g. dirt, scratches, fractures or grains), and ensure that the SEM 
image is well focussed.  
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Scan an image and, if possible, freeze it: 

 
 

Checking the geometry 
1. In Flamenco, select Calibration | Geometry Calibration... from the 
menu list. The Scan generator window will appear.  

2. Press on scanning, and collect an image. If the system is poorl 
calibrated, then the image in this window will not be identical to the 
frozen SEM image: 

 
3. Adjust the position of the image (using the X and Y position controls) 
and the stretch of the image (using the X and Y stroke controls) until the 
image is identical to the frozen SEM image: 
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4. Press on OK, and then "Yes" to the warning that appears: 

 
5. Close and restart Flamenco for the changes to take effect. 

 

Checking the magnification 
1. In Flamenco, select Calibration | Magnification Calibration. The 
calibrate magnification window will appear. 

2. Press scanning to acquire an image and freeze the image. 

3. Measure the distance between 2 prominent features in the image by 
clicking on the points (marked by a red line): 
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4. Measure the same distance using the SEM measurement tools (if 
possible) and enter the distance into the box marked "Original/µm". 

5. Click on OK, and the Yes to the warning that appears: 

 
6. Close and restart Flamenco for the changes to take effect. 
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PCI imaging system – Geometry calibration 
Before you proceed with this section, load a sample for calibration as 
described in the previous section. 

To calibrate the geometry, follow these steps: 

1. Select Calibration | Geometry Calibration... from the menu list. The 
Scan generator window will appear. 

2. Click on Start Scanning button and scan an image: 

 
Note: Before scanning an image adjust the scan rate, brightness and 
contrast from the Flamenco’s main imaging window.  Make sure the 
magnification is set to a reasonable value (about x1500) to be able to see 
the grid sample clearly.   

3. Click on Stop Scanning button, when there is complete and good 
image within the field of view. 

4. Adjust the height and width (apect ratio) of the green rectangle, by 
using the mouse, to fit to the edges of the markings on the grid, as shown 
in the image above. 

5. Make a record of the aspect ratio of the green rectangle from the 
‘Percentages’ values for Left, Right, Top and Bottom. 

6. Set the area of the green rectangle, using the mouse, to match, as close 
as possible, to the full field of view seen in the image on the SEM. 

Note: Make sure the aspect ratio of the green rectangle is kept exactly as 
that recorded values in step 5. 

7. Click on the Save button, when you have finished. 

8. Check the geometry calibration, by taking an image in Flamanco’s 
main imaging window. 
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Note: You should not need to alter the voltage settings, as these are set 
for your SEM. However, if you need to know the appropriate settings 
then contact HKL Technology for assistance (e-mail: 
mailto:HKLsupport@oxinst.com) 

MICS imaging system – Geometry calibration 
This section is for a stand-alone EBSD system with MICS, but without 
INCA.  The calibration is very similar to the PCI section explained in the 
previous section with additional tools.  Before you proceed with this 
section, load a sample for calibration as described previously. 

To calibrate the geometry, follow these steps: 

1. Select Calibration | Geometry Calibration... from the menu list. The 
Scan generator window will appear. 

2. Click on Start Scanning button and scan an image: 

 
Note: Before scanning an image adjust the scan rate, brightness and 
contrast from the Flamenco’s main imaging window.  Make sure the 
magnification is set to a reasonable value (about x700) to be able to see 
the grid sample clearly.   

3. Click on Stop Scanning button, when there is complete and good 
image within the field of view. 

4. If the image is mirrored or inverted, then the sign of the voltage 
settings maybe changed or swapped. 

Note: You should not need to alter the voltage settings, as these are set 
for your SEM. However, if you need to know the appropriate settings 
then contact HKL Technology for assistance (e-mail: 
mailto:HKLsupport@oxinst.com) 
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5. Adjust the height and width (apect ratio) of the green rectangle, by 
using the mouse, to fit to the edges of the markings on the grid, as shown 
in the image above. 

6. Tick the ‘Lock aspect ratio’ option. 

7. Set the area of the green rectangle, using the mouse, to match, as close 
as possible, to the full field of view seen in the image on the SEM. 

Note: The ‘lock aspect ratio’ option, will make sure that the aspect ratio 
of the green rectangle is kept as in step 5, although the area maybe 
changed. 

8. Click on the Save button, when you have finished. 

9. Check the geometry calibration, by taking an image in Flamanco’s 
main imaging window. 

MICS and PCI imaging system – Magnification 
calibration 
Before you proceed with this section, load a sample for calibration as 
described in the previous section and set the current SEM magnification 
into Flamenco. 

To calibrate the magnification, follow these steps: 

1. In Setup mode use the measure tool  to draw a horizontal line of 
a known distance using the grid spacings. 

 
2. Select Calibration | Magnification Calibration. The calibrate 
magnification window will appear, as shown in the image above. 
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3. Tick the box for the X measurement and input the values for Measured 
in Flamenco and The Real distance in µm, then click OK. 

4. Repeat the above steps from 1-3 for a vertical line to inpu the values 
for Y measurement, then click OK. 

5. Check the magnification calibration using the measure tool in 
Flamenco. 

 

Working without an imaging system 
 

Many systems will not have the active scan generator card necessary for 
an operational imaging system. In these cases Flamenco will not have an 
imaging capability. However, the imaging mode in Flamenco will still be 
active, but instead of displaying the SEM image, a black grid with a 
white background is shown: 

 
 

The grid lines relate to the voltages necessary for beam deflections on 
your SEM, and as such they may have different x and y spacing. The grid 
image will only be acquired when you initiate scanning as described in 
the section "Scanning".  

This grid will then form the background to any EBSD sampling that you 
subsequently define, and equates to the SEM's field of view.  

Note: The section concerning tilt correction still applies, even though you 
may not have an imaging system. Therefore ensure that the tilt correction 
is applied either using the SEM controls or in Flamenco. 
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Tip: Always perform a scan, even if you do not have an imaging system. 
Then you will have the scale bar and grid lines to help you determine 
suitable step sizes when setting up automatic data collection. 

Tip: Set the brightness to high so that the background is white - this will 
improve the appearance of the orientation or phase map during automated 
data collection 
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Flamenco - EBSD Acquisition 

Overview 
This chapter provides a basic step by step guide of how to acquire and 
index electron backscatter patterns (EBSPs) from a prepared specimen. It 
will take you through some of the more fundamental features of 
Flamenco and is designed to get a new user started. 

 

Note: the following chapter contains information about more advanced 
EBSD data acquisition. 

 

 

This chapter contains the following sections: 

EBSD measurements - an outline 

Acquisition Pages in Flamenco - a guide to the relevant pages in the 
workspace 

EBSP production - optimising EBSP quality using the Argus 20 

EBSP production – using the digital EBSD detector “Nordlys” 

Band detection – optimising the band detection and using Hough Space 

Solution – looking at the solution after indexing 

Match Units - creating a phase database 

Routine Calibration - measuring EBSP geometry 

Interactive Mode data collection - collecting orientation data manually 

Automatic Mode data collection - automated analysis of EBSPs - beam 
and stage mapping 

Finishing data collection 
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EBSD Measurements - An Outline 
 

Most EBSD measurements consist of the following steps: 

Specimen production - cutting, mounting, polishing (see the relevant 
section in the chapter "Flamenco - an Introduction") 

EBSP production - optimising EBSP quality 

Calibration - specimen alignment; measuring the EBSD geometry 

EBSP analysis - indexing using selected Match unit(s) 

Automation - automatic analysis of EBSPs, e.g. for mapping 

 

These steps are explained in more detail in the following sections. 

 

 

Acquisition Pages in Flamenco 
 

For the basic collection and indexing of an EBSP and for calibration, 
there are 5 different pages available in the workspace which you need to 
access. These are: 

 

1. Frozen SEM Image 

2. Live EBSP 

3. EBSP Geometry 

4. Band Detection 

5. Solution 

 

We shall look at each of these in turn, and highlight the main controls and 
features. 
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Frozen SEM Image 
 

This page controls the position of the electron beam on the sample 
surface. If your EBSD system is equipped with an imaging system, and 
you have collected and frozen an SEM image (see the previous chapter - 
Flamenco - Imaging), then this image will be displayed here. You can 
always return to the Imaging Mode and collect a new image whenever 
necessary. 

 
 

If your system is not equipped with imaging capability, then the Frozen 
SEM image will display only the voltage grid, as described in the 
previous chapter. 

 

On the left hand edge of the SEM image (or voltage grid), there are 6 
controls. These are: 
Button Action 

 
Spot Mode - switches the SEM to spot mode for 
collection of EBSPs 

 
Stop Spot Mode - releases the spot mode and reverts to 
scanning (Some SEMs only) 

 
Centre beam - restores the spot position to the centre of 
the field of view 

 
Measuring Tool - allows distance measurements in the 
SEM image 

 

Manual Phase-ID 

 
Auto Phase-ID 
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When in spot mode, the beam can be positioned by clicking at individual 
points on the SEM image. Alternatively, the spot can be dragged around 
the image by keeping the left mouse button depressed. 

The spot can be moved using the arrow keys on the keyboard.  Each 
click of the arrow keys on the keyboard.  Each click of the arrow keys 
will move the cursor by 2 pixels. 

The extent of movement, with each click, can be varied by using a 
combination of Arrow+Ctrl (1 pixel) or Arrow+Shift (4 pixels) keys. 

Clicking on the measuring tool icon will display the measuring tool on 
the SEM image. This can be positioned by dragging the cross hairs at 
each end to the point of interest. The point to point distance is displayed 
in the panel below the image. 

 

 
 

To exit the measuring tool simply click once more on the measuring tool 
button at the edge. 

 

The 2 Phase-ID buttons will only be enabled if your system has the 
Phase-ID option. Otherwise they will be greyed out. For more details on 
their use, see the chapter Flamenco - Phase-ID. 

5.4 • Flamenco - EBSD Acquisition Oxford Instruments HKL Technology CHANNEL 5 



 

 

Live EBSP 
 

This page displays the live image from the EBSD detector, and controls 
some of the parameters associated with the EBSP acquisition – here we 
look only at the general set up.  For details of either older detectors that 
use an Argus 20 image processor or how to use the system with the 
Nordlys detector, refer to the relevant sections later in this chapter.  

There are 4 buttons at the side of the Live EBSP page. These are: 
Button Action 

 

Live EBSP 

 

Freeze EBSP 

 

Re-initialise Camera 

 

Acquire new background 

 

The camera should be reinitialised if it loses synchronisation with 
Flamenco; this might happen if the camera control unit is switched off 
and on whilst Flamenco is running. 

 

The acquire new background option applies to in-software image 
enhancement only, and does not apply to standard EBSP production with 
the Argus 20 as described in the next section - EBSP Production. The in-
software background procedure is described in the Nordlys EBSD 
Detector section. 

Note: In-software image enhancement is a special option that is only 
enabled in the latest EBSD systems with digital detectors. 

 

 

On the Property Control Panel, the time  required for external processing 
of the EBSP can be set (in milliseconds) - see the section Running 
average - time to produce a new EBSP. Note that this can also be set 
using the Tools | Min Time Per Frame... menu option. 
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EBSP Geometry 
 

The EBSP Geometry page controls the geometrical characteristics of the 
EBSP, and displays some of the calibration parameters. 

EBSP geometry with old 
detectors 

EBSP geometry with 
Nordlys 

 
 

In the image there are 3 features: 

Blue cross: this is location of the pattern centre (see section on Routine 
calibration). It can be moved with the mouse, but in general you should 
not alter its position except when calibrating your EBSP system. 

Green circle: the circle marks the area of interest (AOI). This is the part 
of the EBSP used by Flamenco for band detection. You should make it as 
large as possible, but avoid any major scratches in the phosphor. It is now 
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possible to increase the area of interest outside the field of view – this is 
designed for the Nordlys EBSD detectors that have rectangular phosphor 
screens, so that bands at the edges are also detected. See the band 
detection section later.  
With older systems, avoid the Argus 20 menu (if visible).You can move 
it and resize it using the mouse.  Note also that with the older systems the 
AOI is the green circle even though it is enclosed with a square. 

Red box: this marks the field of view, and is the region which is 
displayed in subsequent EBSP displays (e.g. in the detect bands and 
solution pages). Therefore it should be resized to match the size of the 
raw EBSP. 

 

Adjacent to the EBSP geometry page are 2 buttons which allow 
shortcuts: 
Button Action 

 

Automatically crops the field of view to the non-black 
area. It may be necessary to manually adjust this 
afterwards. 

 

Automatically maximises the AOI to fit in the field of 
view 

 

 

On the Property Control Panel the exact positions of the AOI and the 
field of view are displayed (and can be manually adjusted). Also shown 
are the projection parameters.  

 

Although these can be adjusted, it is advisable to change these values 
only when calibrating in the standard manner (see section on routine 
calibration). 
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EBSP production with old detectors  
 

These instructions are designed for the old (before 2002) HKL EBSD 
system (with Argus 20) and a generic Electron Microscope. Other 
cameras can also be used with CHANNEL software, refer to the 
manufacturers' manuals for information.  

For instructions on using the Nordlys Digital EBSD camera, refer to the 
next section. 

 

Note: Some EBSP cameras, e.g. SITs, can be damaged by room lighting - 
be careful to switch them off when opening the SEM chamber door. 

 

Switching on 
 

Switch on the electron microscope, EBSD computer, EBSD detector 
(camera and control unit) and any other related equipment, e.g. stage 
controller. 

 

Set up your sample and the SEM for EBSD analysis (see the section 
"Setting up your SEM" in the Flamenco - an Introduction chapter). 

 

Carefully insert the EBSD detector until it reaches the end-stop.  

Important: make sure that the sample is tilted up to 70° before inserting 
the EBSD detector! 

 

Start Flamenco as described in Flamenco -an Introduction.  

 

 

Proceed to Set Up mode by pressing the Set Up button on the Menu 
Panel. Then select the Live EBSP page in the Workspace: 

 
 

Note: if there is no Live EBSP page available, then refer to the section 
"Setting up the workspace" in the "Flamenco - An Introduction" chapter. 

 

Note that the Argus 20 menu will appear in the Live EBSP page if the 
output to Flamenco is connected to Monitor on the Argus 20.  
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EBSD Background correction 

 
Note: Backgrounds for 
single crystals can be 
produced by heavily 
defocusing the electron 
beam or by carefully 
rotating the specimen while 
the background is 
acquiring. 

An EBSP consists of a series of relatively weak Kikuchi bands on a 
strong, non-linear background. Removing this background (and 
increasing the contrast) produces a much clearer EBSP, as shown above.

The simplest way to define a background is to rapidly scan an area of the 
specimen that contains many grains and acquire an EBSP.  

Using the Argus 20 
The Argus 20 has two 
video outputs: CRT for the 
EBSP and Monitor for the 
EBSP plus menus. 

The Argus 20 is used to control the EBSD camera, to perform 
background correction on the EBSP and to convert the EBSP to a video 
signal. 

Important: When the Argus 20 is first switched on, click on FRINT to 
enable on-chip integration (available on most cameras) and allow 30 
minutes for the electronics to stabilise. 

 

 

Oxford Instruments HKL Technology CHANNEL 5 Flamenco - EBSD Acquisition • 5.9 



 

 

Normally an EBSP monitor (connected to Monitor at the back of the 
Argus 20) will be used to display the EBSP and the image processor 
menus. On systems that do not have a separate monitor, use the Live 
EBSP page in Flamenco.  

The Argus 20 has its own mouse which is used to access the menus. 

 

Click on a function to activate it - when active it will have a white 
highlight, e.g.  

You can adjust parameters by clicking on the up and down arrows to the 
right of the number, e.g. . 

Important: Always leave the Argus 20 mouse cursor over the menus on 
the right, otherwise it will be seen by Flamenco. 

Defining a background 

 
If BSUB is hidden, press  

Click on the BSUB menu item to access Background Subtraction.  

Select an appropriate area of the specimen and scan at TV rate - choose a 
magnification which is as high as possible, but still produces no 
discernible Kikuchi bands. 

 

Click on the BACK button (below FRINT) to start acquiring a 
background. 
Note: the number of frames that will be averaged is displayed to the right 
of BACK - 64 frames is recommended as a minimum value. 

 

While the background is acquiring, a series of concentric rings (~contour 
lines) will be displayed on the screen. 

Take care that the centre of the image does not become over-saturated, 
this will produce a central white region. If this does happen, then make 
the value of FRINT smaller or lower the SEM probe current and create a 
new background. 

If the background is not satisfactory, then press BACK again. 

Enhancing the EBSP 

 

Once a background has been acquired, you should switch the SEM to 
Spot mode and click on ENH to enhance the EBSP /running average). 
This will continuously apply the background correction and perform a 
contrast stretch.  

Clicking on RAW will display the raw image, click on ENH to go back 
to the processed image. 

 
Click on STH1 to adjust the contrast stretching (HI and LOW 
parameters). Click on BSUB when finished. 

The formula to add a new 
EBSP (Q) to average (P) is 
P = P*(1-1/FRM)+Q/FRM 

You can adjust the running averaging, by changing the value of FRM. 
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Recommended parameters 
The table below gives recommended parameters that should work for 
most systems. With a little experimentation you should find the optimum 
values for your materials, these can be entered in the table. 

 
Param. Example User 1 User 2 Comments 

FRINT 0.12   On-chip integration, s 

FRM 2   Running averaging 

BACK 64   Frames for background 

OFS 100   Background sub. offset 

HI 120   Contrast stretch high  

LOW 80   Contrast stretch low  

 

Running average - time to produce a new EBSP 
The following table gives the minimum recommended time (Delay, in 
seconds), after which the running averaged EBSP will consist of at least 
90% of the required EBSP.  

 

You can set the Delay in Flamenco by editing the "Min time per frame" 
box on the Property Control Panel for the Live EBSP page. 

Delay, s   FRINT=   
0.08 0.12 0.16 0.24 0.32 

1 0.12 0.18 0.24 0.36 0.48 

2 0.32 0.48 0.64 0.90 1.28 

FRM = 4 0.72 1.08 1.44 2.16 2.88 

8 1.36 2.04 2.72 4.08 5.44 

16 2.88 4.32 5.76 8.64 11.52 

 

Note1: If too short a delay time is used, then remnants of previous grains 
will appear at a map edge and grain boundaries will be displaced.  

 

Tip: Use a Band Contrast map to check for boundary displacement. 

Tip: Always check the left (or right) edge of a map for copies of grains 
from the other edge. The image below shows two maps of the same area, 
the one on the left had the correct delay, while the one on the right had 
too short a delay. The circles show where points from the right edge have 
copied to the left. 

Oxford Instruments HKL Technology CHANNEL 5 Flamenco - EBSD Acquisition • 5.11 



 

 
 

Note2: For FRM>1, the formula is: Delay=[2.FRM.FRINT] 

Note3: For FRM=1, it is necessary to use a longer delay than the on-chip 
integration time (FRINT). To satisfy the Nyquist sampling criterion, 
FRINT should ideally be doubled, but in practice an increase of 50% 
works. 

Note4: The Argus 20 will only display a new EBSP image after FRINT 
seconds. Where possible, try to avoid large values for FRINT (e.g. 0.96).  
If large FRINTs have to be used (e.g. due to low beam current), then use 
Delay=[2.FRINT] for FRM=1 to satisfy the Nyquist sampling criterion. 
(Thanks to Dr. Bernhard Obst, Karlsruhe, for his help with this) 
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EBSP production with Nordlys detector  
 

Description of detector 

 

 
Nordlys Handset 

The Nordlys camera uses the latest digital imaging technology to 
produce high quality EBSPs.  It has a rectangular phosphor which is 
matched to the size of the CCD. The detector has a vacuum tight tube 
that can inserted (up to 210mm) in to the SEM chamber via an electric 
motor. The position of the detector is controlled from a handset and a 
standard operating position can be set by the user. 

Connection instructions 

 
Nordlys control box 

Normally the detector will be connected to its control box and handset by 
the installation engineer. If, for whatever reason is has become 
disconnected, then connect the following cables: 

1) Handset (25-pin D) 

2) Detector camera cable (round connector) 

3) Detector motor and sensor cable (25-pin D) 

4) Appropriate power cable (e.g. European or American) 

Once the cables are connected, the power can be switched on (there is a 
switch on the back of the control box).  On some versions a blue light on 
the front of the control box indicates that power is on. 

Endstops 
The detector has endstops that limit its insertion / retraction travel: 

1) Fully retracted hard-endstop – not adjustable. 

2) Fully inserted hard-endstop – set by installation engineer. 

3) Fully inserted soft-endstop – can be set by the user using the handset. 

Avoid turning the outer light grey cylinder by hand - if the system is 
close to an endstop, it may be damaged. 

Adjusting the hard endstop 
The following procedure can only to be performed by an experienced 
HKL Technology representative. Please contact HKL Technology for 
more information.  
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Using the Nordlys handset 
The Nordlys handset has three buttons (labelled STOP, IN and OUT), a 
power indicator and an illuminated LCD display (to show the current 
position). 

Note: After 30 seconds, the handset will automatically lock itself and will 
no longer respond to the IN and OUT buttons. This is a safety feature to 
stop casual visitors from inserting, and possibly damaging, the detector. 
Press the STOP button to unlock the handset. 

 

When the detector is first switched on, it will automatically retract to 
zero its position encoding system. The message “CALIBRATING” will 
be displayed. This can take a few minutes, so please be patient. 

The functions of the buttons are listed below: 
Button Function 

IN Inserts the detector by ~0.1mm. Press for 3 seconds for automatic insertion 

OUT Retracts the detector by ~0.1mm. Press for 3 seconds for full retraction 

STOP Stops detector movement. Press for 5 seconds to set the soft-endstop. 
Also unlocks the handset. 

 

To insert the detector, press the IN button -a single press will insert by 
~0.1mm. To start the detector moving in automatically, keep the IN 
button depressed for 3 seconds. It will stop when it reaches either the 
hard or soft endstop. 

The OUT button works in a similar manner and will retract the detector. 

The STOP button will cancel any movement. 

 

To set the soft-endstop, position the detector at the desired insertion 
distance (see instructions above) and then press and hold the stop button 
for approximately 5 seconds until the handset beeps. The new position 
will be stored as a “reference position”. Upon insertion, this will be the 
first position at which Nordlys will stop. 

It is recommended that the soft-endstop position is that used for regular 
EBSD analyses. 
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If there any problems, the handset will display an error message:  
Message Meaning 

FAILED TO MOVE! Nordlys failed to move when the motor was activate.  
Switch the control box off and then back on to reset. If the 
problem persists, contact HKL. 
Note: This message will occur if you stop the outer cylinder 
while it is turning. 

COLLISION! The nose sensor detected a collision with some object in the 
SEM chamber. Nordlys automatically starts retracting and 
sounds an audible alarm. Press STOP to halt the withdrawal. 

OVERHEATED! The motor drive has become to warm and Nordlys has 
stopped moving. Switch off the control box and wait for the 
system to cool. If the problem persists then contact HKL 
Technology support. 

  

Health and safety issues 
The following points should be observed: 
Power supply; 
AC: 85-264 Volts, 47-440 Hz, Maximum 45 Watts 
DC: 120-370 Volts, Maximum 45 Watts 
Fuse rating 250 Volts, 2.5 Ampere Slow Blow (T) 
 
Environment; 
Operating conditions: 15°C to 30°C, less than 65% relative humidity and 
non-condensing and do not cover the control box ventilation openings. 
Storage conditions: -10°C to 52°C, less than 65% relative humidity and 
non-condensing. 
 
When the detector is being inserted or retracted, make sure that items of 
clothing, hair and/or cables are not caught in the mechanism.  

Make sure that the detector earthing cable is connected to a suitable 
earthing point, normally on the SEM chamber. 

The Nordlys control box is fitted with a fuse and will operate with a wide 
variety of mains input voltages, e.g. 110 and 220V. An appropriate 
earthed mains cable should be used. 

During insertion/retraction, the detector movement can be stopped by 
pressing the “STOP” button. As a last resort, the outer cylinder of the 
detector can be grabbed and held – after a few seconds this will produce a 
“FAILED TO MOVE!” error, see above. 

Always switch off the mains power before removing any cabling. 

Do not cover the control box ventilation openings. 

If the equipment is used in a manner not specified by the manufacturer, 
the protection provided by the equipment might be impaired. 

The central body of the detector revolves and the cables move in and out 
during insertion and retraction of the detector, therefore do not fasten the 
central body nor the cables. 

Not suitable for use in explosion hazard environments. 
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Collecting an EBSP using Nordlys  
The Nordlys detector is a high specification digital camera that allows 
users to adjust the quality of diffraction pattern to suit each particular 
analysis. The camera has a high resolution (1344 x 1024 pixels), enabling 
the acquisition of good quality EBSPs for accurate analyses (such as 
Phase Identification).  

 
However, by clustering together groups of pixels (binning), it is possible 
to collect lower resolution EBSPs at a significantly faster rate; an 
example is given below of a small part of an EBSP that has been binned 
to different levels.  

 
The camera also comes in two speeds: 15 MHz (wth Firewire or 
IEEE1394 connection) and 20MHz (with Camera Link card). The 
maximum number of frames per second (fps) that the camera can achieve 
is given in the table below. 

 
Binning Firewire CameraLink Suggested Use 

None 8 fps 12 fps High resolution EBSPs for posters 
and publications 

2 x 2 16 fps 23 fps Regular EBSD analyses where 
accuracy is more important than 

extreme speed – e.g. phase 
identification 

4 x 4 28 fps 41 fps Regular EBSD analyses where 
speed is an important issue (e.g. 

routine grain size & texture 
analyses) 

8 x 8 43 fps 68 fps High speed analyses where a slight 
loss in accuracy is not important 
(e.g large area texture analyses) 

8 x 8 
superfast 

- 104 fps Ultra high speed analyses (see 8x8). 
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The camera integration time, to produce optimum EBSPs, has to be 
adjusted depending on the level of pixel binning.  The real timing per 
frame is initially linear and then quantised in steps compared to the 
requested timing, as shown in the graph below for 4x4 binning.  
Therefore the actual cycle time is in steps, above a certain requested 
integration time and depends on the level of binning, as shown in the 
table below for the 20MHz camera. 

 

Binning Resolution Integration time 
(ms) 

Max. Speed 
(frames/s) 

None 1344x1024 81.7 12.2 

2 x 2 672x512 43.8 22.8 

4 x 4 336x256 24.4 41.0 

8 x 8 168x128 14.7 68.4 

8 x 8 superfast 168x128 9.7 104.1 

 

 

 

The real and requested 
times for 4x4 binning. 

The real integration time on the camera is in the time steps shown in the 
above table, which is dependent on the binning.  The the graph on the left 
shows an example of the real and requested times for 4x4 binning. 

 

Tip:  To achieve the highest speed of the camera, set the camera to the 
lowest integration time (highest speed) setting, depending on the binning, 
from the table shown above and increase the probe current on the SEM 
until a uniform illumination is reached on the Phosphour screen.   

Note that these speeds are maximum figures, and may not be achieved 
with all materials or systems. 

The acquisition of a background and the subsequent enhancement of the 
EBSP are all controlled from within Flamenco, using the controls on the 
property control panel for the live EBSP page. 

 

Acquiring a background 
Start up Flamenco, find a suitable area on the sample and collect an 
image. Then proceed to the set-up mode and go to the Live EBSP page. 

 

Firstly select the desired level of binning (consult the tables above) using 
the control on the property control panel.  
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Adjust the Gain level  (using the camera controls). High gain will 
increase the sensitivity of the camera, but may introduce more noise. It is 
useful to switch between high and low gain to see which setting works 
best for your samples. 

 

 
Ensure that the In-Software Image Enhancement is switched off. 

 

 

Alter the Timing per frame (in milliseconds) until the signal in the live 
EBSP is suitable. There should be a reasonable distribution of signal 
across the phosphor screen, although often it is possible to work with less 
signal than you expect.  

If the time per frame is too low (or the probe current is too low), there 
will be insufficient signal in the image (too dark), whereas if the time is 
set too high (or the probe current is too high), then part of the image will 
be over-saturated forming a white area. These are shown in the following 
diagram: 

 

   
Timing too low Timing OK Timing too High 

 

 
Now switch on the In-software image enhancement.  

 

 Note that it does not matter what settings are active in the control panel 
whilst collecting the background. 

 

Set the number of frames for background collection to a suitable value – 
64 is recommended as standard.  

Select an appropriate area of the specimen and scan at TV or fast-scan 
rate. Choose a magnification that is as high as possible, but still produces 
no discernible Kikuchi bands. 

 

Collect the background (use the control to the side of the Live EBSP 
page). The progress will be displayed in the relevant box: 
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 Once a background has been stored, it will be marked on the property 
control panel with a colour symbol. 

 

Applying Background correction 

 

Put the beam into spot mode using the controls on the Frozen SEM 
image page, and switch the Live EBSP page into “Live” mode (using the 
top button next to the Live EBSP page).  

Note: it is often easiest to work with both the Frozen SEM image and the 
Live EBSP pages visible at the same time – this way you can position the 
beam and simultaneously view the resulting EBSP. 

 

There are two methods to apply background correction using Flamenco,  
‘Static’ and ‘Dynamic’.  The ‘Static’ method can be applied with 
‘Subtract’ or ‘Divide’ operations. 

The most commonly used method is to use the Static-Divide and 
Dynamic together.  

First, tick the check box ‘In-Software Image Enhancement’ to activate 
the background correction operations.  Finally, tick the Static and 
Dynamic background correction methods and choose Divide as the static 
background correction operation. 

  

 

To enhance the EBSP:  

Switch off the Dynamic Stretch and use the manual controls. Adjusting 
the “Lo” and “Hi” settings will vary the brightness and contrast levels. 
Having the values closer together will give more contrast in the EBSP, 
while having them further apart will reduce the contrast. Pressing the 
button “Adjust Scale” will automatically adjust these settings to good 
values. 

 Tip:  You can use the ‘Enhancement’ feature to judge the camera 
saturation, as described below. 

To check the saturation level and the grey level used, un-tick the Static 
and Dynamic backgrounds and click on the Adjust scale. An example of 
under-saturated and normal saturated is shown below.   
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Under-saturated Normal saturation (OK) 

 

Tip: For polyphase samples with significant variations in EBSP quality 
and contrast, set the Lo and Hi values far apart to ensure reasonable 
EBSPs from all phases. Flamenco can index EBSPs with low contrast 
levels. 

 

To use the dynamic stretch, switch it on using the labelled checkbox. 
Flamenco will then automatically adjust the settings as conditions 
change. 

Tip:  Use dynamic stretch when the beam conditions may change during 
EBSD analyses. For example, if there could be slight drifting of the 
filament conditions during a long automatic EBSD analysis. 

 

 

Once the enhancement has been set to ensure a good quality EBSP, then 
decide the number of frames of background correction to apply. Adjust 
this using the edit box on the property control panel. More frames will 
give cleaner EBSPs, but will take longer to collect, as  in the Aluminium 
EBSP shown below. 

Tip: Use a high number of frames when collecting a pattern for 
calibration, or when performing phase identification. User a lower 
number of frames for higher speed analyses (Flamenco works well with 
noisy diffraction patterns). 
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Aluminum EBSP 
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Using static background correction with “Division” 
 

 

 

‘Divide’ is the most common operation used for static background 
correction, because it helps to enhance the signal from the edges 
compared to ‘Subtract’, as shown in the images below. 

‘Subtract’ is marginally faster algorithm than ‘Divide’, but is only 
noticeable with high speed mapping at high binning.  

To activate “Division”, simply select “Divide” from the drop down list 
next to “Operation”. 

 

Using Dynamic Background Correction 
 

 

This mode does not use the acquired background. Instead, it takes each 
EBSP and uses image diffusion and offset algorithms to make and 
subtract a background. 

To activate ‘Dynamic background’ correction, simply tick the box. 

Note: it is also possible to select both – a combination of static and 
dynamic calibration, that provides good, even contrast, and copes well 
with different phases and surface topography. 

Tip: Use both Static and Dynamic when scanning at low magnification, 
and this will cope well with the slight changes in beam-sample-detector 
geometry. 

 

Note: Blemishes on the phosphor screen will be accentuated using 
dynamic background correction. 
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Band Detection 

Band detection settings 
The band detection page is very important in the EBSP indexing cycle, as 
it has the controls to one of the main indexing steps: the detection of 
Kikuchi bands. 

The page itself shows the snapped EBSP, the AOI (green circle) and the 
positions of any detected bands (black and white lines mark 
automatically detected bands, yellow and black lines mark manually 
detected bands). 

 
 

The mouse cursor can be used to manually draw bands on the EBSP. This 
process is described later in this chapter in the worked example of the 
Routine Calibration process. 
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Most of the controls relating to the band detection are located on the 
Property Control Panel. 

At the top are the band detection controls. 

Detect Band edges when the edges of the Kikuchi bands are sharp and 
clearly visible.   The band edges are detected taking into consideration 
the minimum and maximum width of bands depending on kV, detector 
distance and the crystal structure. 

For blurred or narrow bands, Band centers may be better. 

 

 The Adaptive band detection algorithm is designed to enhance the band 
detection in the following cases: 

a) Detection of broad bands, i.e. at low kV or bands from structures with  
small d-spacing. 

b) Better detection of bands with high excess and deficient lines, i.e. 
Diamond and SiC. 

The Enhanced Adaptive band detection is designed to improve the fit to 
the bands in high quality EBSPs. 

It is recommended in both cases to use a Hough resolution greater than 
50.  

 The Band divergence option controls the Hough indexing procedure. A 
low setting will allow the detection of bands with similar orientations, 
whilst a high setting ensures that selected bands have very different 
orientations. For most applications, the standard setting is recommended.

Zero solutions are EBSPs 
that cannot be indexed. 

Increasing the minimum (and maximum) number of bands will give 
slower, more reliable indexing, but may produce more zero solutions. 
Typical default values are min = 5, max = 6. 

 

Use detected band width will give faster, more reliable indexing for 
higher quality EBSPs. For lower quality patterns, it can reject a lot of 
EBSPs and produce a larger number of zero solutions. 

Switching on the Advanced Fit mode will improve the angular accuracy 
of the indexing procedure, but will significantly slow down the indexing. 
Once checked on, the sliding scale is activated (1 = low, 4 = high). 
Advanced Fit is described in more detail in the following chapter 
Flamenco - Advanced EBSD Acquisition. 

For standard use, Advanced Fit should not be switched on. 

 

 
The detected bands are listed in the bands window. Individual bands can 
be highlighted and then deleted by pressing the Delete button. 

 
Alternatively, all bands can be deleted using the Delete All button. 
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The Hough space  display shows the EBSP after transformation into 
Hough space.  

This converts Kikuchi bands into pairs of maxima (or minima) which are 
used to find the edges or centres of bands during automatic band 
detection. Left mouse clicking whilst the cursor is in the Hough space 
display will show the equivalent band as a red line in the band detection 
page. 

 

It is possible to adjust the Hough resolution. The following parameters 
are good working guidelines: 

Resolution = 40 Ideal for fast data collection, where small 
angular errors (<2°) are not a problem. 

Resolution = 50 A good compromise between speed and 
angular resolution. This was the value for 
previous versions of the CHANNEL 
software. 

Resolution = 60 Ideal for more accurate, but slower indexing. 

As with any such control, it is worth adjusting the Hough resolution to 
see what value provides the optimum results for your samples. 

Rectangular Hough 
EBSD systems that use the Nordlys EBSD detector have EBSPs that are 
imaged on a rectangular screen. Often there is additional information (i.e. 
extra Kikuchi bands) to the sides of the EBSP that would help the 
indexing, but these would not be detected using the standard circular 
Hough transformation. 

It is now possible to extend the circular area of interest outside of the 
field of view so that the full rectangular EBSP can be used during band 
detection. In the EBSP geometry page (see earlier section) simply drag 
the green area of interest circle to the size that you need: 

 

Oxford Instruments HKL Technology CHANNEL 5 Flamenco - EBSD Acquisition • 5.25 



 

Then, when you perform the band detection, you will note that the Hough 
space image will now look different: 

 

Tip: For rectangular Hough to work effectively, it is wise to use a 
background enhancement method that will maximise the contrast at the 
edges of the EBSP – using "Both/Divide" is recommended 

Tip: Avoid extending the area of interest too far if your phosphor has 
some blemishes around the edges. 
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Solution 
 

The solution page shows the results of the EBSP indexing process. If 
indexing was possible, then the solution will be overlain on the EBSP in 
the solution page, allowing a visual comparison between the simulation 
and the original EBSP: 

 

 
 At the bottom of the window, some of the parameters relating to the 

solution are displayed:  

MAD - Mean Angular Deviation. This is the goodness of fit of the 
solution. The smaller the number, the better the match between the 
detected Kikuchi bands and the simulation. A number under 1° is 
acceptable for most systems. 

Orientation - these are the 3 Euler angles that describe the orientation of 
the crystal lattice as determined by the indexing procedure. 

Spec. plane – this is the crystal plane that is closest to the specimen 
acquisition surface 

Tilt. dir. – this is the crystal direction that is closest to the tilt axis 
direction 

dg - this is the difference in orientation (i.e. the misorientation) between 
the current solution and the previous solution, as long as they are the 
same phase. 

If Advanced Fit has been switched on, then the Advanced Fit index 
("AFI") will also be displayed. This, like the MAD value, is also a 
goodness of fit parameter. However, it is independent of the band 
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detection process, and larger AFI values indicate better solutions. The 
AFI value is also affected by the quality of EBSP. 

 

In the Property Control Panel, it is possible to adjust the display of the 
solution.  

 
You can show the simulated Kikuchi bands as either centres, straight 
edges or curved edges: 

   
Centres Straight Edges Curved Edges 

 

 The minimum intensity control determines how many bands are shown 
in the simulation. A value of 0 will show all bands, whilst a value of 15 
will only show those bands with an intensity greater than 15. 

 
You can also control how many zones (crystallographic directions) are 
labelled by changing the value in the Sum indices <= edit box. A higher 
number will display more zone labels. 

 

Switching between Miller and Bravais will determine whether you want 
to see 4 digit indices (the Miller-Bravais notation for hexagonal / trigonal 
crystal systems) or 3 digit indices (the Miller notation). 

 

Adjusting the colour scheme will determine whether you wish to colour 
the simulation according to the phase colour (as specified in the Match 
Units window - see later in this chapter) or in a standard solid colour. 

 
It is also possible to make the simulation blink by checking the box next 
to Blinking Simulation. This is useful when you want to check the 
validity of the solution with the underlying EBSP. 

Also displayed in the Property Control Panel are more details about the 
solution(s): 
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The solutions list shows all the solutions that Flamenco found for this 
EBSP. They are listed in order of increasing MAD value (i.e. decreasing 
goodness of fit). Highlighting any one solution will update the main 
display in the workspace to the highlighted solution. 

Below the solutions list is a 3-D simulation of the unit cell of the 
highlighted solution. This is shown in the sample surface reference frame 
(i.e. as if you were looking directly down at the surface of your sample), 
and has the a, b and c axes marked in red, green and blue (or the a and c 
axes for trigonal and hexagonal phases). 

By double clicking on the 3-D simulation it is possible to scroll between 
combinations of the unit cell and a simulated spherical Kikuchi Map: 
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Match Units Window   
 

In order to index an EBSP, Flamenco needs to know what phase(s) is 
present in the sample. This is done using the Match Units window (see 
Flamenco - An Introduction). 

 

Flamenco accesses reflector information about individual phases using 
phase databases. An HKL Phase database is provided with the software 
which includes many of the common phases, but you may wish to create 
your own using *.CRY files generated using Twist.  

 

Note: the *.hkl file format used in previous versions of CHANNEL are 
no longer valid. The number of reflectors used for indexing can now be 
changed on the fly, using the Match Units window. 

Creating a phase database 

 

To generate your own phase database, select Tools | Convert CRY files 
into Phase database... from the menu list. The following dialogue box 
will appear: 

 
 

Select the directory in which the *.CRY files that you want compiled are 
located, and then give the Phase database a name under "Output". Press 
"Convert", and Flamenco will convert all the *.CRY files into a Phase 
database - you can see the progress for individual phases in the windows 
below. On completion, close the dialogue box. 

 

Loading a phase database 

In the Match Units window (click on the  icon if the window is not 
visible), click on "Add". A new dialogue box will appear which allows 
you to choose a phase (or several phases) for indexing EBSPs: 
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If there are no phases visible, then you must select a database. Click on 

the small button ( ) next to the Phase Database entry, and then you can 
see which databases are active (alternatively select Tools | Phase 
databases...):  

 
If you wish to activate a database, then check the box next to it. If you 
wish to add a new database to the list, then click on the "Add database" 
button and choose the relevant database. Similarly, it is possible to de-
activate or remove databases from the list. 

The order in which databases are displayed can be adjusted using the up 
and down arrow icons to the side. 

 Checking the box next to "Allow Duplicates" will tell Flamenco to 
display all duplicate entries for individual phases (e.g. ones with minor 
changes in unit cell parameters). In general, it is easier to leave this 
option unchecked. 

When you have selected and activated the desired databases, click on OK 
to return to the Add Match Units dialogue box. 
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Selecting phases for indexing 
To select a phase, simply choose the relevant database from the drop 
down list and then highlight the desired phase in the phase list below. 

 
Details about individual phases are displayed in the right hand side of the 
window: 

 

Phase info gives information about the unit cell, the chemistry and the 
list of calculated reflectors.  

 

Unit Cell gives a 3-D simulation of the unit cell of the selected phase, 
with the a, b and c axes marked respectively in red, green and blue. 
Using the mouse you can freely rotate this simulation. 

 

Kikuchi Map gives a spherical simulation of the Kikuchi bands for the 
unit cell orientation visible in the Unit Cell option. Once again this can 
be freely rotated using the mouse, and you can also adjust the appearance 
and the number of Kikuchi bands using the controls at the bottom. 

 
Once you have found the phase that you are looking for, simply press 
"select".  

This will now load the phase into the Match units window and it will be 
used for indexing EBSPs. You can repeat the process and load up more 
phases if you wish. 

 

In the Match Units window it is possible to toggle on or off individual 
phases. When toggled off (i.e. when the tick in the adjacent check box 
has been removed), then that phase is not used by Flamenco for indexing 
EBSPs. 
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The number of reflectors used during indexing can be adjusted at any 
time using the box labelled "Max number of reflectors". This number 
tells Flamenco how many theoretical Kikuchi bands to utilise during the 
indexing process.  

Typical values are between 50 and 80, depending on the phase(s) in 
question and the aims of your analysis. Lower numbers result in faster 
indexing, but may also give a lower hit rate (% of EBSPs indexed).  

More detail about this selection process is given in the next chapter: 
Flamenco - Advanced Acquisition. 

 

 

It is possible to view characteristics of the phases listed in the Match 
Units window by highlighting a phase and then looking in the lower part 
of the window. This will show the name, Space and Laue group, unit cell 
parameters and the list of reflectors used for indexing. The window can 
be resized if desired. 

Double clicking on a phase will open up a new dialogue box which 
allows you to alter the pen characteristics for that phase (the pen colour, 
style and width). These attributes are then used in the display of the 
solution, and in the simulation. 

 

Note: Flamenco automatically chooses "families" of reflectors. For 
example, if Aluminium is loaded and the maximum number of reflectors 
is set to 50, then Flamenco will automatically use 44 reflectors. 

 

The Match Units window may be kept open at all times, or it may be 
closed in the usual Windows manner (although the selected phases will 
still be active). 
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Routine Calibration 
 

To index reliably an EBSP, Flamenco needs to know the EBSD geometry 
that is being used.  

See the section called 
Advanced Calibration for 
additional parameters. 

There are two main calibration parameters that change with everyday use 
of the microscope - Detector Distance and Pattern Centre. 

Phosp
hor

Spe
c im

en

WD

DD

PC

Pole piec e

 

The EBSP originates from the point (Excitation Volume) where the 
electron beam hits the specimen surface. 

The Detector Distance (DD) is the distance between the Excitation 
Volume and the EBSD detector (phosphor).  

The Pattern Centre (PC) is the point on the phosphor which is closest to 
the Excitation Volume.  

The Working Distance (WD) is usually defined as the distance between 
the specimen and the bottom of the pole piece. 

 

Note: If the system is a 
long way off calibration, 
then an Advanced 
Calibration is required. 

Calibration of the Detector Distance and Pattern Centre can be done 
using almost any EBSP if the EBSP system is near calibration. 

For most systems, you should do a routine calibration if the Working 
Distance, Accelerating Voltage (kV) or camera position are changed. 

Tip: Create a set of calibration files for standard working distances, e.g. 
WD22.CAL for 22mm working distance. 
Keep a record of calibration data (notebook) and check for consistency. 

The projection parameters (PP) reflect the geometry of the EBSD setup.  
The position of the PC (blue cross) in the y-direction is related to WD, as 
shown in the images below. 

Note:  The EBSP illumination should be uniform all over, which means 
the pattern centre position is critical too. 

  
Pattern centre and illumination are 

too low. 
Pattern centre is OK and the 

illumination is central.   
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The capture angle is highly affected by the detector distance (DD),  
which is demonstrated in the EBSPs below.  At smaller DD values the 
capture angle is higher, which is useful for investigating low symmetry 
structures.  The table below shows some example values. 

DD Application 
0.5 High Symmetry 

0.48 Low symmetry 

0.55-0.6 High angular accuracy and high 
symmetry 

 

DD=0.5 DD=0.6 

 

Loading / Saving / Viewing a Calibration 
Select the Calibrate | Load... menu to load a calibration from file. 

Select Calibrate | Save... to save the current calibration data to file. 

 Select the Calibrate | Projection Parameters menu to view the current 
calibration data. Alternatively, view the Property Control Panel for the 
EBSP Geometry Page. 

Routine Calibration - worked example 
Note: Instructions labeled 
Silicon example only are 
specific to this worked 
example, while those 
labeled Normal 
calibration should be 
followed for normal 
calibration of your system 

The easiest way to demonstrate routine calibration is with a worked 
example. We will use the Si EBSP.BMP example image and calibration 
as a starting point.  

Instructions for Normal calibration are also given - these will help you 
calibrate your system using live EBSPs. 

 

First, run Flamenco and proceed to the Set Up Mode. 

 

Select a standard calibration: 
Silicon example only Normal calibration 

Select Calibrate | Save... and save your 
current calibration to a file, e.g. 
EBSD.CAL (it needs to be restored later.)  
Select Calibrate | Load... and load the 
SILICON.CAL file from 

Either: 
Use the current calibration or, 
Load a standard calibration file for the 
current working distance, e.g. WD22.CAL 
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CHANNEL5\EXAMPLES.  
Select Calibrate | Projection Parameters 
and enter the default values, below :  

 
Ensure that the Accelerating voltage is set 
to 20 kV on the SEM panel 
Click on OK 

 
Adjust the SEM conditions on the SEM 
Panel as appropriate. 

 

We now need to produce a calibration EBSP: 
Silicon example only Normal calibration 

Select EBSP | Load... and load  
Si EBSP.BMP from 
CHANNEL5\EXAMPLES 

 

Switch the SEM to Spot mode and 
produce an EBSP (or use the controls on 

the Frozen SEM image page). 
Click Snap EBSP to freeze the EBSP. 

 

 

Then tell Flamenco which phase is present. 

 

Open the Match Units Window (press  if it is not already open) and 
click on the Add button. Select the relevant phase database if necessary. 

 

Silicon example only Normal Calibration 

Select silicon from the list and set 
the Max. number of reflectors to 
50 

Select the appropriate match unit 
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Click on Detect Bands in the Cycle Control. 

Flamenco will automatically detect some Kikuchi bands, depending on 
the parameters set on the Property Control Panel. 

 
However, it is best during calibration to use manual band detection for 
increased accuracy. Therefore click on the remove all bands button and 
manually mark on about 5 to 6 Kikuchi bands: 

 

To mark the edges of a Kikuchi band: 

1) Click on the edge of the band and drag to the other end.  
2) Then, click the right mouse button and keep it down - a parallel line 
will appear. Move the mouse until the line is over the other edge of the 
Kikuchi band. 

 

To mark the centre of a Kikuchi band: 

1) Click on the centre of the band and drag to the other end.  

Note: To delete a band, highlight the band in the detected bands window 

on the Property Control Panel and press on the delete button . 

Repeat until you have something similar to the image below. 

Tips: Keep the bands well separated; avoid having more than three bands 
intersecting at any point (zone); and use band edges where possible. 
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Indexing the calibration EBSP 

 

Click on Index in the Cycle Control window. 

 If the EBSP cannot be indexed (indexing not possible), then either the 
phase is incorrect or an Advanced Calibration needs to done.  

Flamenco will now display a simulation of the EBSP in the Solution 
page.  

Note. Your standard 
calibration will normally 
be better than this example. 

The example (Silicon) is shown below. The calibration is very poor, 
which is shown by the simulated bands being misplaced. The next step is 
to refine the calibration. 

 
 

Tip: If the calibration EBSP will not index, then either try reducing the 
number of selected bands or increase the max. number of reflectors in the 
match units window. 
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Calibration Refinement 

 
Click on Calibrate | Projection Parameters... . 

The Projection Parameters (PP) Status window will appear. 

Alternatively click on the PP icon in the tool bar. 

To refine the calibration, tick on all the 3 boxes to the left and then click 
"Refine" and check the new projection parameters: 

 
Check to see whether the simulated EBSP fits more closely to the real 
EBSP, and then click on OK to accept the new parameters. 

Ideally, the MAD number 
should be below 0.5 

A new simulation of the EBSP will be displayed, it should be an 
excellent fit. The example Silicon EBSP is shown below. 

Oxford Instruments HKL Technology CHANNEL 5 Flamenco - EBSD Acquisition • 5.39 



 

 
 

 The Orientation (as Euler angles) is shown at the bottom of the solution 
window, along with the MAD value, and dg, the misorientation angle to 
the previous solution.  

 
Silicon example only 

Now you have finished this worked example, 
you should restore your original calibration data 
(EBSD.CAL) 

 

For increased accuracy in your EBSD data collection, it is a good idea to 
repeat the calibration refinement procedure with a good quality EBSP 
(i.e. higher frame integration) and with more detected bands (e.g. 8-12 
bands).  

 
As a final step, click on the Advanced Fit Refinement button in the Status 
of Calibration window. Check that this further improves the calibration 
and click on OK. 

Calibration Averaging 
In the later versions of Flamenco (Service Pack 5 and onwards), it is 
possible to average calibrations. This is a good way to ensure better 
calibration accuracy, especially when the EBSPs are not so sharp. 

Proceed through the calibration refinement process as described above. 
However note that there is now an additional section in the calibration 
status window: 
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After refining a calibration, click on the "Remember" button and this 
calibration will be stored. Then repeat the calibration refinement process 
with a different EBSP, and press Remember again. Carry this out for a 
few EBSPs, and then you will see the number of remembered 
calibrations: 

 
By clicking the Calculate button, Flamenco will take the average of all 
the stored calibrations. Press OK at the bottom of the window to accept 
this. 

Checking a Calibration 
Note: Automatic indexing 
is explained in more detail 
in the next section. 

It is a good idea to check that the calibration is valid for several live 
EBSPs using automatic indexing.  

First, re-detect bands using the automated band detection: simply click on 
"Detect bands" in the cycle control. 
The Detected Bands page will appear with the automatically detected 
bands. 

Then click on indexing and check that the indexing is correct. 

 
 

Click on Position beam in the Cycle Control. 

Switch the SEM to Spot mode, move the beam and produce an EBSP 
(view on the Live EBSP page). 

Then click on Index (the steps in between are done automatically). 
Alternatively proceed through the individual steps. 

Check that the EBSP can be indexed reliably and repeat for other EBSPs

 

Once your EBSD system has been routinely calibrated, you can proceed 
with data collection. At this stage you need to decide whether you wish to 
collect data manually (Interactive mode data collection) or whether you 
want to collect data automatically (e.g. orientation mapping) (Automatic 
mode data collection). 

 

Dynamic Calibration 
In the most recent versions of Flamenco (Service Pack 5 onwards), there 
is a dynamic calibration capability. This means that at low magnification 
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scans, the variation in the EBSP geometry (e.g. the pattern centre and the 
detector distance) is compensated for during mapping. 

The settings for the dynamic calibration are calculated by an HKL 
Technology installation engineer during the system installation, and the 
dynamic calibration will run automatically during all maps (although the 
effect is only noticeable at low magnification). 

If you wish to set up the dynamic calibration on an already-installed 
system, then refer to the section "Setting up dynamic calibration" at the 
end of the next chapter. 
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Interactive Mode Data Collection 
 

 

Click on the Interactive Mode button on the Menu Panel. 

When in Interactive mode, data collection is the simple process of 
following the steps in the cycle control window: 

 

1. Position beam 

2. Snap EBSP 

3. Detect bands 

4. Index EBSP 

5. Save results 

 

When "Save Results" is pressed for the first time, you will be prompted 
for a file name for the project that you are starting. All subsequently 
saved points will be added to this project. 

Note: you can always append more data to an existing interactive project 
by selecting Project | Open | to Continue Interactive Project...  

 

If your EBSD system has an imaging system, then it is usually a good 
idea to use the frozen SEM image to determine the sample locations 
during interactive data collection. Often you will want to view the Live 
EBSD window whilst you are positioning the SEM beam, so that you can 
collect the best quality EBSPs from each grain. A windows set up like 
this might work well: 
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Note that after each point has been saved, it will be labelled on the frozen 
SEM image as shown above.  

If you need to move to a new area, or to refresh the SEM image (for 
example if your sample has some charging or drifting problems), then it 
is a good idea to print or save the frozen SEM image along with the 
sample points: right mouse click in the frozen SEM image and select 
Print... or Save as... as required. 

Then, having collected a new image, you can clear the existing labels by 
selecting Job | Clear Labels. Flamenco will continue the numbering of 
points as before. 

Alternatively Flamenco can be asked to automatically save an image with 
the point and labels if you keep to the same area until the end of the 
interactive job.  To activate this feature see the section on ‘Tools and 
Options’. 

If Flamenco has not been able to index an EBSP, or if you think that the 
indexing is incorrect, then you should return to the band detection page 
and adjust the band detection. 

Tip: Often incorrect indexing is due to one or two poorly detected bands: 
look for bands that are either much too thin or much too wide. Then 
scroll through the bands list and delete the poor bands. You may also 
need to add one or two manually detected bands. 

Sometimes Flamenco finds more than one solution to an EBSP (common 
if you have a number of similar phases active in the Match Units 
window). In such cases it is a good idea to check which solution is 
correct by highlighting each of the solutions in the Property Control 
Panel and viewing the solution. 

Before clicking on "Save Results" ensure that the right solution is 
highlighted. If this is not the first solution then you will be warned before 
proceeding: 
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Saving EBSPs 
EBSPs can be saved manually by selecting from the toolbar, EBSP | 
Save…  You have an option to save as *.bmp or *.jpg. 

EBSPs can be saved automatically from each point by activating the 
‘image storage page’, which is described in the section ‘Saving EBSPs’. 

Project Header Information 
 

During the collection of data, it is possible to add some Project Header 
information, such as the author and the sample name, by selecting 
Project | Header info.... 

 

Closing Interactive Projects 
 

When you have finished collecting data in interactive mode, select 
Project | Save and Close Interactive Project. 
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Automatic Mode Data Collection 
 

Flamenco has the ability to take over the beam and stage control on most 
SEMs and to generate EBSP measurements from a predefined array of 
points (typically a grid or a series of lines). This allows, for example, 
orientation maps to be produced. 

 

Note: Beam and stage control are optional features and may not have 
been installed on your system. 

 

Setting up for automated data collection 
 

Proceed through the Imaging and Set Up stages as outlined in the 
previous chapter and earlier in this chapter. Collect an SEM image of the 
area that you are interested in if you have an imaging system, and then 
perform a routine calibration refinement using the correct phase(s) in the 
match units window (follow the instructions for "normal calibration" in 
the section Routine Calibration).  

 

If you do not have an imaging system, then it is a good idea to save or 
print an image of the region you are looking at using the SEM. 

 

External Image Processing Delay 
Ensure that the EBSPs are of a reasonable quality (but not too good as 
this may take too long) and set the delay time as appropriate.  

Either use the Property Control Panel for the Live EBSP page or Tools | 
Min Time Per Frame. For the Argus 20 image processor, refer to the 
table in running Average - Time to produce a new EBSP. 

 

Discriminators 
During automatic indexing it is possible to tell Flamenco to discard data 
that do not meet certain requirements: these are called discriminators. 
Select Tools | Discriminators... to see the following edit box: 
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The pattern quality parameters (Band contrast and Band Slope) can be 
used to filter out poorer quality EBSPs (i.e. those with lower values). 

Note: Band slope is only available if band edges are used during the band 
detection process. 

Setting a smaller MAD value will ensure that only solutions that are a 
close match with the detected Kikuchi band positions are stored. The 
recommended default value is 1.3°. 

 

Setting up the SEM 
Before starting automated data collection, it is important to make sure 
that the SEM is correctly configured for collection of EBSD data: 

• The magnification is correctly set 

• The tilt correction is either switched on at the SEM or in 
Flamenco (see the relevant section in the previous chapter - 
Flamenco -Imaging), but not both 

• Dynamic focussing and/or scan rotation are correctly set (if 
available) 

• The SEM is switched to external beam control mode (on 
some SEMs Flamenco can do this automatically) 

 

• Ensure that the SEM Panel in Flamenco has the correct 
settings 

Note: more information about setting up the SEM can be found in the 
Flamenco - Imaging chapter. 

 

Once you are ready to set up such an automated EBSD data analysis, 
click on the Automatic button on the Menu Panel. 
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Defining Automatic Jobs 
 

On switching to the Automatic Mode, the Job List window will appear. 
This window will display all of the automatic jobs that you have created, 
and their current status (e.g. queued, in progress or completed). Initially 
the window will not have any jobs defined: 

 

 

To define a job, press the New Job button, , at the top right corner 
of the window. 

A dialogue box will pop up asking you to choose which type of job you 
want to create. There are 5 choices, categorised into either beam or stage 
jobs. 

The instructions for defining each type of job will be given individually, 
but once a job has been defined it can be added to the Job List by 
pressing the "Add Job to List" button. 

 
 

Important: Once a job has been added to the Job List, all parameters 
relating to that job are fixed. These include the band detection 
parameters, the match units, the calibration settings, the stage position (if 
your system has stage control) and the job dimensions (e.g. step size and 
number of points). Therefore you should ensure that everything is set 
correctly before adding the job to the Job List. However, you can edit 
parameters once a job has started. 
Only the delay time can subsequently be changed, as this is dependent on 
the image processor and affects all jobs. 
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Once a job has been added to the job list, it is possible to delete it, to 
clone it, to change the order in which it will be processed and to use it to 
define a job matrix: 

 
Button Action 

 

Delete highlighted job from the Job List 

 

Define a job matrix based on the highlighted job 

 

Clone highlighted job 

 

Move highlighted job up the list 

 

Move highlighted job down the list 
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Beam Scanning 
 

Beam scanning is used to control the position of the electron beam within 
the field of view. Due to geometrical distortions across the field of view, 
it should not be used at very low magnifications (i.e. field of view >1mm 
across).  

Beam scanning is, however, the fastest means of collecting data as 
Flamenco does not need to wait for the SEM stage to move. 

 

Point Scans 
For EBSD systems that have an imaging system, it is often sensible to 
collect only 1 EBSD measurement from each grain or subgrain within the 
field of view. The beam scanning point by point mode is designed for 
such a sampling strategy. 

 

 
In the New Job window, select New Point Scan. 

Type in a name for the project, and Flamenco will then jump to the 
Frozen SEM image. Click at the points in the image where you wish 
Flamenco to collect and index an EBSP. 

At each location, Flamenco will mark and label the sample point, and 
will list it in the Points list on the Property Control Panel: 

 
 

It is possible to remove all points by pressing the "Delete All" button 
below the points list, or to highlight individual points and to remove them 
using the "Delete" button. 

Once you have defined all the sample locations, it is a good idea to check 
the indexing parameters (e.g. match units, band detection, EBSP 
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acquisition delay time ...) and the SEM parameters (magnification, 
accelerating voltage and tilt correction). 

Then click on the Add job to List button. 

 
 

Note: Flamenco will automatically store the SEM image marked with the 
sample locations before performing the EBSD analysis. This will be 
stored as a *.jpg file in the same directory as the project, named 
XXXXBefore.jpg, where XXXX is the name of the project. 

 

Line Scans 
Line scans provide an effective way to acquire texture, grain size and 
boundary statistics without the oversampling that characterises 
orientation mapping. 

 

 
In the New Job window, select New Line Scan under Beam Jobs. 

Type in a name for the project, and Flamenco will then jump to the 
Frozen SEM image (either with an SEM image or with the voltage grid). 
The Property Control Panel will display the parameters for the project. 
Enter whether you want the lines to be parallel to the x or y direction, the 
number of lines, the number of points per line and the spacing between 
individual points and different lines. 

 
 

It is also possible to position the lines on the Frozen SEM image by 
dragging and dropping with the mouse, and to resize the sampling area by 
dragging on the bounding box.  
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If you define a step size between points and the spacing between lines, 
then press the "Maximise # of Points" button, then Flamenco will 
automatically fill the field of view with as many points as possible with 
the defined spacing. 

 

Tip: It is wise to alter the sampling order so that Flamenco scans along 
lines (especially if your sample is liable to suffer from charging or 
drifting problems). This can be done using the drop down list in the 
Property Control Panel. 

Tip: For improved spatial resolution, it is better to define line-scans 
parallel to the stage tilt axis. 

 

 

Choose Top-Left in X if the lines are parallel to X, and Top-Left in Y if 
the lines are parallel to Y. 

Once you have defined the line scan settings, it is a good idea to check 
the indexing parameters (e.g. match units, band detection, EBSP 
acquisition delay time ...) and the SEM parameters (magnification, 
accelerating voltage and tilt correction). 

 

Then click on the Add Job to List button. 

 
 

Mapping 
The most common method for analysing microstructures using automated 
EBSD is to map areas on the sample surface. This is usually done by 
collecting EBSPs from a regular grid on the sample surface, from which 
an orientation or phase map can be reconstructed. Beam scan mapping 
has the advantage over stage scan mapping of being much faster, and 
with better spatial resolution. 

 

 
In the New Job window, select New Mapping under Beam Jobs. 

Type in a name for the project, and Flamenco will then jump to the 
Frozen SEM image (either with an SEM image or with the voltage grid). 
The Property Control Panel will display the parameters for the project.  
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Enter the number of points in both the X and Y directions, and the 
spacing (step size) between the points. The blue box on the Frozen SEM 
image will show the location and size of the area to be mapped. This 
must fit wholly within the field of view. 

It is possible to resize and to position the area to be mapped using the 
mouse in the Frozen SEM Image. 

 
Pressing the "Center Job" button will automatically reposition the area to 
be mapped in the centre of the field of view. 

 
If you define a step size between points and then press the "Maximise # 
of Points" button, then Flamenco will automatically fill the field of view 
with as many points as possible with the defined step size. 

 

The sampling order can be adjusted using the drop down list in the 
Property Control Panel - in general, the default order (Top-Left in X) is 
recommended, but other orders may help to reduce sample charging 
effects, for example. 

Note: The advanced sampling strategies, Smart sampling and safe 
sampling, will be discussed in the following chapter (Flamenco - 
advanced acquisition). 

Once you have defined the mapping settings, it is a good idea to check 
the indexing parameters (e.g. match units, band detection, EBSP 
acquisition delay time ...) and the SEM parameters (magnification, 
accelerating voltage and tilt correction). 

 

Then click on the Add Job to List button. 
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Stage Scanning 
 

Stage scanning is used to analyse large areas of the sample and to 
produce regular grids or lines of orientation measurements which can be 
displayed as maps or as texture data. It is usually much slower than beam 
scanning, but has the advantages of covering large areas and of 
maintaining a constant beam-specimen-detector geometry. 

 

On most SEMs, the specimen will only need to move in the X-Y stage 
directions. If you have a flat specimen, this should mean that it will 
remain in focus as it moves.  

Where possible, try to avoid using a pre-tilted specimen holder as this 
usually means that stage movement has to be done using X, Y & Z and it 
is much more likely that the specimen will go out of focus as it moves.  

 

On most SEMs, scanning will start at the top left of the selected region, 
move to the right, and then down a line: i.e. parallel to the stage tilt axis.

Line Scans 
Line scans provide an effective way to acquire texture, grain size and 
boundary statistics without the oversampling that characterises 
orientation mapping. 

 

 
In the New Job window, select New Line Scan under Stage Jobs. 

Type in a name for the project, and Flamenco will then display a dialog 
box in which you should enter the parameters for the project: 

 
Enter whether you want the lines to be parallel to the X or Y direction, 
the number of lines, the number of points per line and the spacing 
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between individual points (step size) and different lines (distance). Then 
click on OK. 

Note: You can also edit the line scan parameters in the Property Control 
Panel for the Frozen SEM Image. 

Once you have defined the line scan settings, it is a good idea to check 
the indexing parameters (e.g. match units, band detection, EBSP 
acquisition delay time ...) and the SEM parameters (magnification, 
accelerating voltage and tilt correction). 

 

Then click on the Add Job to List button. 

 
 

Mapping 
The most common method for analysing microstructures using automated 
EBSD is to map areas on the sample surface. This is usually done by 
collecting EBSPs from a regular grid on the sample surface, from which 
an orientation or phase map can be reconstructed. 

 

 
In the New Job window, select New Mapping under Stage Jobs 

Flamenco will display a dialogue box in which you should enter the 
number of points in X and Y, and the step size between points: 

 
Click on OK.  

Type in a name for the project, and Flamenco will then jump to the 
Frozen SEM image (either with an SEM image or with the voltage grid). 
The Property Control Panel will display the parameters for the project. It 
is possible to edit the grid dimensions on the Property Control Panel.  

 

Once you have defined the mapping settings, it is a good idea to check 
the indexing parameters (e.g. match units, band detection, EBSP 
acquisition delay time ...) and the SEM parameters (magnification, 
accelerating voltage and tilt correction). 
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Then click on the Add Job to List button. 

 
 

 

Multiple Jobs 
 

The Job List window allows you to create any number of different 
automatic jobs, and to set them running one after another. This way you 
can analyse a sample using combinations of beam and stage control, 
point scans, line scans and area maps without having to return to the 
SEM at the end of each job. 

It is also possible to analyse adjacent areas of the sample using beam 
mapping (with the same step size) and to stitch the maps together using a 
separate program, MapStitcher (see the MapStitcher chapter).  

The Job Matrix facility is designed to maximise this facility: it allows 
you to create a batch of identical mapping jobs with a systematic shift in 
stage X and Y positions, and thereby cover a large area of the sample at 
the relatively fast speeds and high resolution possible with beam 
scanning. If the individual maps are adjacent to each other, or overlap 
one another, then they can be merged together using MapStitcher to 
create a single large map of the whole area. 

 

Job Matrix 

 
In order to create a job matrix, you should create a mapping job as 
outlined in the previous section. Ensure that the job is positioned in the 
centre of the field of view (press the Center Job button). All jobs in the 
Job Matrix will have identical parameters to the parent job (e.g. grid 
dimensions, indexing parameters, calibration settings etc..). 

Note: In general the Job Matrix facility is designed to allow you to 
combine multiple beam scan mapping jobs, separated by a stage 
movement between each job. There is no advantage in creating a Job 
Matrix of stage scan mapping jobs. 

Note: Job Matrix is designed for systems that have both beam and stage 
control capability. 

 

 
When the beam scan job has been created and added to the Job List, 
highlight it and then press on the Job Matrix button to the side of the Job 
List. A dialogue box will pop up, asking you to define the Job Matrix 
parameters. 
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Enter the number of jobs in both the X and Y directions. 

Then enter the systematic shift between the individual jobs, as shown 
below: 

 
 

 Alternatively, by clicking on the Auto-Calculate button, Flamenco will 
automatically calculate the X and Y shift needed to fit all the individual 
jobs together to give 100% coverage of the area. 

Click on OK, and all of the jobs in the job matrix will be added to the Job 
List: 
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In order to delete the jobs in a job matrix, you must delete the parent job 
(i.e. the original job used to define all the daughter jobs). 

 

After Flamenco has analysed all of the jobs in the job matrix, use 
MapStitcher (see the MapStitcher chapter) to merge all the maps together 
and to form one large map of the whole area. 

 

Cloning Jobs 
In cases where you wish to record the changes to a sample over the 
course of time (e.g. in situ-deformation experiments or during hot stage 
work), it may be desirable to run identical automatic jobs one after 
another. 

This is possible using the Clone Job facility. 

 
Once an automated job has been added to the Job List, highlight it with 
the mouse and then click on the Clone Job button to the side. 

The job will cloned and added to the Job List. 

This process can be repeated as many times as you wish. 

 

 

Starting Automatic Jobs 
 

Once you have defined your automatic job(s), and added them to the Job 
List, the cycle control will change in appearance:  
Docked Undocked 

 

 

 

To start analysing the job(s), simply press the run button. 

If any of the jobs in your Job List window involve stage movements (e.g. 
a Job Matrix, a stage scan mapping job or a combination of beam scan 
mapping jobs at different locations in the sample), then Flamenco will 
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ask whether you wish to test the stage positions before starting the first 
job. 

 
 

Click on Yes if you wish to check the stage positions, and either use the 
imaging system in Flamenco or on the SEM to confirm that the 
subsequent analysis is in the right area (i.e. the stage scan will not extend 
over the edge of the sample). If you are not happy with the stage position, 
the Flamenco will cancel that job (or the associated Job Matrix). 

Click on No if you wish to proceed without checking the stage positions. 

Before and after analysing an area in beam scan mode, Flamenco will 
acquire an image of the area in question. These are stored in the same 
directory as the project itself. 

 

 

During an automated Job 
 

When an automated job is in progress, it is possible to view the progress 
of the indexing procedure in several ways. 

 

In the Job List window, it is possible to view the status of each project 
(i.e the percentage completed), the time remaining and the average time 
for each measurement: 
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In the cycle control window, the information displayed depends on 
whether the window is docked into the Menu Panel or whether it is free 
floating. 

If it is docked, it will display the solution of the last point, the number of 
points saved and the "hit rate" (i.e. the % indexed):  

 
Press the pause button to break the indexing if you wish to alter any of 
the parameters. 

If the cycle control window is free floating, the position in the cycle 
control will be shown by the green arrow, along with the time (in 
milliseconds) for each process to be performed. 

At the bottom of the window, the indexing result, the number of points 
saved and the last saved point are shown: 

 

 

Once again, if you wish to alter any of the parameters then press on the 
pause button to break the indexing procedure. 

During indexing the total time left is displayed in the windows bar at the 
bottom of the screen. 

It is possible to view the indexing procedure in action whilst data is being 
acquired, by choosing different pages in the workspace. For example, 
viewing the solution page will show each indexed EBSP as well as the 
solution displays on the Property Control Panel. 

 

Viewing the Frozen SEM image will show, for beam scan jobs, a 
simulation of the map / point scan / line scan as it progresses. Using the 
controls on the Property Control Panel, you can toggle between having 
no display, an orientation display (All Euler) or a phase display. The 
phase display colours are controlled by the colours in the Match Units 
window. 

A typical set up during an automated scan may be as follows:  
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The frozen SEM image (in this case showing a voltage grid as the EBSD 
system had no imaging system) displays the orientation of each point as it 
is indexed (using the all-Euler colouring scheme). White pixels illustrate 
where indexing was not possible. 

The Property Control Panel has been locked to the solution display (see 
the section on Locking the Property Control Panel in Flamenco – an 
Introduction), so that the changes in orientation can be observed in the 3-
D simulation. 

 

Note: It is also possible to open up the post-processing software (e.g. 
Tango, Mambo etc..) with which you can view the characteristics of the 
on-going project in more detail. For instance, you could plot up the pole 
figures for the current project. Clicking on the refresh buttons would 
update the display with all new data points. However, avoid performing 
computing intensive operations such as contouring or determining the 
recrystallised fraction. 
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Finishing an Automated Job 
 

Once all the jobs in the Job List have been completed, Flamenco will 
display a summary window. 

 
Scrolling through the different jobs will show the summary statistics, an 
orientation map display and a list of any errors that may have occurred 
during the acquisition process. Click on Close and you return to 
Flamenco. 

You can always return to this summary by selecting View|Job Summary 
later on. 

 

When you exit Flamenco, you will be asked if you wish to clear all Jobs 
in the Job List window. 

Click on Yes and Flamenco will close. 
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Flamenco - Advanced 
Acquisition 

Overview 
Flamenco is an extremely advanced software module. Although it will 
normally be used for day to day EBSD analyses, it has the potential for 
much more sophisticated EBSD investigations. Few users will utilise all 
of the features of Flamenco, but there may be one or two of the advanced 
options that would help you in your use of Flamenco. For instance, you 
may wish to achieve more reliable indexing of poorly prepared samples, 
or you may just want to set up Flamenco so that it sends you an e-mail 
when it finishes an automated job. 

This chapter is designed to illustrate all of the extra features available in 
Flamenco, and to help you make the best use of the Flamenco software. 

 

This chapter contains the following sections: 

Sampling Strategies – different approaches to automated EBSD analysis 

Advanced Indexing – ensuring optimum accuracy and speed in the 
indexing process 

Speed or Accuracy? – altering the emphasis of automated EBSD analyses 

Pseudosymmetry – reliable indexing of problematic phases 

Simultaneous EDS mapping – collecting element counts during 
automated EBSD analyses 

Saving EBSPs – storing the EBSPs for later reanalysis 

Repeating and Reanalysing projects – offline and online repetition of 
stored projects 

EBSP simulation – advanced EBSP simulation facility 

Tools and Options – miscellaneous features to help make life easier 

Advanced Calibration – calibrating the detector distance, the detector 
geometry, the SEM magnification and dynamic calibration 
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Sampling Strategies 
 

Often it is necessary to amend your approach to EBSD analyses 
depending on the nature of the sample that you are looking at, and the 
information that you want to acquire (e.g. grain size, texture statistics 
etc..). 

In the previous chapter (Flamenco – EBSD Acquisition) a number of 
different sampling strategies were introduced, such as point scanning, 
line scanning or mapping. Here we show two advanced sampling 
strategies designed for specific sample types. 

 

Smart Sampling 
Smart sampling is an approach designed to eliminate the high extent of 
oversampling within undeformed grains that is a drawback of the 
standard orientation mapping approach. It is best used for the analysis of 
2 sample types: 

 

1. Recrystallised (annealed) samples where there is little or no 
intra-grain deformation. 

2. Samples with a bimodal grain size distribution, where you 
wish to map accurately the small grains without extensive 
oversampling of the larger grains. 

 

Note: Smart sampling can only be used when mapping an area using 
beam scanning. 

 

Smart Sampling Explained 
When smart sampling is enabled, Flamenco takes an intelligent approach 
to sampling the microstructure. After the initial grid dimensions and step 
size has been defined (in the usual manner for a mapping job), Flamenco 
starts by analysing a coarse grid covering the whole area. Then it 
calculates whether it needs to sample between any 2 of the original points 
(i.e. whether there is a grain or subgrain boundary between the 2 points): 
In this way Flamenco continues to refine the sampling so that it is 
concentrated at the grain and subgrain boundaries. 

 

The following images show how Smart Sampling can accurately 
reproduce a microstructure with as little as 30% of the points sampled:  
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Conventional sampling 

 
Smart sampling (sampled points only) 

 
Smart sampling - extrapolated data 

This example is taken from a recrystallised Al (1%Mg) sample (Courtesy 
of John. Humphreys and Ian Brough, UMIST, UK). 
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Note: The grain size and grain boundary characteristics were statistically 
the same for the conventional and smart-sampling analyses of this region. 

 

Note: Smart sampling also copes with twin boundaries, unless they form 
very narrow domains within grains (i.e. only 1 or 2 pixels wide). 

 

Setting up smart sampling 
Follow the procedure for setting up a beam scan mapping job, as outlined 
in the previous chapter (see section on Beam scanning - mapping).  

 

Before you add the job to the job list, tick the check box next to Smart 
Sampling in the Property Control Panel.  

Then define a threshold misorientation - this is the minimum 
misorientation a boundary must have for smart sampling to identify it 
during the sampling procedure.  

A typical value is 5°: i.e. boundaries below 5° will be ignored by the 
smart sampling process. 

Finally, add the job to the job list in the normal manner. 

 

Tip: If you are collecting EBSD data at an extremely fast rate (i.e. >15 
per second), then it is advisable to increase the delay time to twice the 
recommended value when using smart sampling. 

 

Safe Sampling 
 

Safe sampling has been designed for the analysis of difficult materials, 
where the accuracy of the data is paramount (especially for texture 
measurements). Samples for which safe sampling would be ideal are: 

 

1. Poorly prepared samples which produce variable quality 
EBSPs. 

2. Materials for which automatic indexing produces occasional 
indexing errors. 

 

The safe sampling approach is to collect and to index 3 EBSPs instead of 
the usual 1. These 3 are located at the corners of a triangle centred around 
the original sampling point. Flamenco tries to index all 3 of these EBSPs 
and, if 2 of them are the same phase and orientation (within a user-
defined threshold), then that orientation is accepted as correct. If no 2 
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orientations are the same, then it is saved as a "no solution". Only 1 
solution is saved during safe sampling. 

 

Setting up Safe Sampling 
Follow the procedure for setting up any automated job (see the relevant 
section in the previous chapter), and define the point positions, line scans 
or mapping area as normal.  

 

On the property control panel there is a safe sampling check box: put a 
tick in this if you wish to use safe sampling. 

Then you need to define 2 parameters: 

  

 

 

The first is the "distance" (in µm); this is the distance of each sample 
location from the central point (marked X on the schematic diagram). 
This value should be considerable smaller than both the step size and the 
grain (or subgrain) size, but large enough to ensure that 2 or 3 of the 
points are not located on a single surface blemish (such as a polishing 
scratch). 

The second is the threshold misorientation: this is the maximum 
permitted misorientation between any 2 of the solutions for them to be 
treated as the same. The default value is 2°, although this should be set 
higher in very deformed samples. 

Finally, add the job to the job list in the normal manner. 

 

Tip: Safe sampling is ideal for use with stage scan jobs with a large step 
size (equal or greater than the grain size), where accurate texture 
measurement is the main objective. It is also good for point scans, where 
only 1 point per grain is sampled. 

 

Note: The movement between the 3 points for each safe sampling 
measurement is controlled by beam scanning, even if the job is a stage 
scan job. Therefore you must have beam scanning capability (or an 
imaging system) for safe sampling to work. 
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Advanced Indexing 
 

Critical choice of reflectors for a match unit 
To achieve an optimum in accuracy and speed for the indexing procedure 
in Flamenco, it is necessary to critically choose the number of reflectors 
used in the match unit with regard to the appearance and quality of the 
acquired EBSPs. This is dependent on many parameters like material, 
surface quality, SEM operating conditions, performance of EBSP 
detector unit etc.. Therefore, the selected match unit(s) have to be 
reviewed by comparing the actual EBSPs and the indexing/simulations 
carefully. The operator should ask himself the following three questions: 

1) Are all Kikuchi bands to be observed in the actual EBSP also present 
in the simulation (and thus, will the further indexing procedure perform 
correctly with the number of reflectors used in the match unit?) 

2) Are all Kikuchi bands to be observed in the simulation also present in 
the actual EBSP? (and hence, will the indexing procedure not be slowed 
down too much by searching through a long list of reflectors in the match 
unit, which contain more information than is required, i.e. present in the 
actual EBSP image?) 

3) Is the intensity, i.e. contrast of those Kikuchi bands which may not be 
present in the simulation, high enough that they are likely to be 
automatically detected by Flamenco? (and thus, are those low-intensity 
reflectors needed for a correct indexing, or can they be omitted to speed 
up the indexing procedure?) 

 

 

Compare EBSP Kikuchi bands with Reflectors 

To answer these questions it is advisable to spend some time to review 
the selected match unit(s) before starting to routinely use them for 
indexing with Flamenco. For this Flamenco provides a number of 
controls to review the match units and therefore fine-tune the 
performance of the indexing procedure. To use these controls refer to the 
following steps:  

a) Load the created match unit by clicking on the Add button in the 
Match Units window and select the appropriate phase, e.g. Aluminum. 
Set the Max. number of reflectors to a suitable value - e.g. 50. 

b) Load a calibration by selecting Calibrate | Load… and choosing a 
*.CAL file which is valid for the current SEM operating conditions. 

c) Enter the operating conditions: acceleration voltage (kV) and stage tilt 
by clicking on the SEM Panel. 

d) Perform an automatic Kikuchi band detection by clicking on the 
Detect bands button in the Cycle Control window.  
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A graphics overlay of detected Kikuchi bands superposed on the actual 
EBSP will appear in the band detection page. Compare the actual and 
detected Kikuchi bands to ascertain a close match. 

Perform an automatic indexing by clicking on the Index button in the 
Cycle Control window. 

 
A graphic EBSP simulation (indexing) superposed on the actual pattern 
can be seen in the Solution page. Compare the actual and simulated 
EBSP to ascertain a close match (often this is easiest done by clicking on 
the Blinking Solution check box in the property control panel. 

Note: If the indexed pattern shows the correct solution but a high Mean 
Angular Deviation (MAD), i.e. >0.50, it may be necessary to refine the 
projection parameters as described in the section called "Calibration 
Refinements" later in this chapter. 

 

 

Review the selected reflectors from the match unit by selecting View | 
Reflector Browser. 

 

The Reflector Browser  listbox will appear on the screen. 

It contains information about the lattice planes/reflectors within the 
match unit and indicates which are Visible in the EBSP with a + sign: 

 
 

Click on a reflector from the list in the Reflector Browser listbox. If the 
reflector is visible, it will be highlighted in a different colour (typically 
green) in the EBSP simulation. See the image below: 
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Critically compare the simulation of all single reflectors of the selected 
match unit with the Kikuchi bands observed in the actual EBSP by 
scrolling through the list of reflectors using either the scroll bar or the Up 
and Down keys.  

If you find reflectors in the simulation which have no equivalent Kikuchi 
bands in the EBSP, then drop the maximum number of reflectors using 
the Match Units window. 

If you find Kikuchi bands in the EBSP which do not have corresponding 
reflectors in the simulation, then increase the maximum number of 
reflectors in the Match Units window. 

Close the Reflector Viewer when finished. 

 

An alternative way to find the Cut-off intensity 
Another way to determine the cut-off intensity of a match unit used in the 
indexing procedure within Flamenco is the following: 

a) Load a relevant phase in the Match Units window, and then increase 
the maximum number of reflectors to a high value (e.g. 100). 

b) Automatically detect the Kikuchi bands and index the EBSP using this 
new match unit. 

c) On the property control panel for the solution page, experiment with 
different values to be entered in the Min. intensity edit box. Note the 
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minimum intensity for which the simulation fits the actual EBSP best and 
then edit the max. number of reflectors in the match units window so that 
the list of reflectors has an appropriate cut-off intensity. (Refer to the 
previous section) 

Note: Ticking the check box next to "Blinking Solution" in the property 
control panel for the solution page often makes it easier to compare the 
solution with the underlying EBSP. 

 

Checking automatic indexing - Breakpoints 
Before you leave Flamenco to collect EBSD data in the automatic mode 
for many hours, you may want to check that the indexing is reliable. 
Often this is possible just by viewing the solution page (and checking 
visually each solution as it appears), or by looking at the orientation map 
as it builds up on the Frozen SEM image (see the relevant sections in the 
previous chapter). 

However, sometimes it may not be easy to check the indexing on the fly 
(for example, if indexing is faster than 10 points per second). In such 
cases you can apply a breakpoint in the cycle control window. 

A breakpoint is a stage in the indexing cycle at which Flamenco will 
pause until you tell it to proceed.  

 

Setting breakpoints 
Breakpoints can only be set in the automatic mode of data acquisition. 
Therefore proceed to the automatic mode (see relevant section in the 
previous chapter) and define a job (or several jobs) as necessary. 

Ensure that the cycle control widow is undocked (see the Flamenco - An 
Introduction chapter).  

 

To set a breakpoint, simply click on the small blue dot to the right of the 
relevant stage in the indexing cycle. The stage will then be highlighted in 
red, and Flamenco will stop at that stage during every subsequent cycle. 
It is necessary to press the Run button to proceed once again.  

If a breakpoint has been applied at the indexing stage (in order to check 
the indexing at each point), then the cycle control will appear as follows: 
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Once you have checked the indexing and made changes as required, then 
click once on the red circle to the right of the red band and the breakpoint 
will be removed.  

Press Run to resume the job. 

 

Restarting the Job 
Often, at the beginning of an automated job, you may have altered some 
of the indexing parameters to improve the success rate. In such cases you 
might want to restart the job from the beginning, but keeping the new 
settings. 

 

To do this, select Job | Restart Current Job. 

Flamenco will start at the beginning of the current job, but with the latest 
indexing parameters (e.g. calibration, band detection, phase information, 
delay time etc...) 
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Speed or Accuracy? 
 

An important choice in any EBSD analysis is whether you wish to place 
the emphasis on the accuracy of the data or the speed of acquisition. 

Usually a compromise between the two extremes is ideal, however there 
are times when it is necessary to set up Flamenco in such a way that it 
either collects data at extremely high speeds, or it ensures that each 
measurement is as accurate as possible. 

This section will show you how to set up Flamenco for these two 
extremes. 

 

High speed data collection 
With increases in hardware and software capability, and improvements in 
Flamenco's indexing speed, it is now possible (at the time of Flamenco's 
release) to collect orientation data at speeds of over 20 points per second.  

 

Note: such speeds are very dependent on your SEM, the sample, your 
EBSD computer speed and the Frame Grabber in the EBSD computer. 
Older systems may not exceed 10 patterns per second. 

 

For the routine analysis of texture, grain size and high angle boundary 
characteristics, high speed mapping is ideal. For lower symmetry phases 
(i.e. not cubic or hexagonal) it is wiser to compromise on the speed of 
acquisition in favour of indexing reliability. 

 

Setting up for high speed mapping 
1. Load the sample and start up Flamenco as usual 

2. Proceed with the standard calibration refinement and check the 
indexing 

3. Increase the probe current on the SEM and adjust the Argus 20 to 
collect EBSPs with the minimum possible on-chip integration (FRINT) 
and running background subtraction (FRM). For extremely fast 
acquisition you should try to obtain patterns with FRINT = 0.04, FRM = 
1, although this may not be possible with some materials. 

Note: Flamenco can successfully index EBSPs which appear very noisy 
to the human eye. 
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Note: some non-standard systems will have different camera 
configurations. Set up your system to acquire reasonable EBSPs with 
minimum processing time. 

4. Set the delay time to the relevant value. 

5. Proceed to automatic mode and choose a job type (for fast speeds, it 
should be a beam scan job). Define the job parameters (e.g. grid size, step 
size etc.) 

 

6. Set up the band detection with the following settings:  

Band centres 

Standard divergence 

Min = 4 

Max = 5 

Do not use band widths 

Do not use Advanced fit 

Hough resolution = 40 

7. In the Match Units window, ensure that the maximum number of 
reflectors is set to a reasonably low number (e.g. 50 for most cubic 
phases). 

8. Ensure that safe sampling and smart sampling are switched off, and 
add the job to the job list. 

9. Start the job and then quickly minimise Flamenco, as the live display 
can slow the indexing down by up to 50% (alternatively - use the "auto-
minimise" function as described in the Tools and Options section later in 
this chapter). 

 

Tip: If you wish to analyse a large area at high speed, then use the 
multiple job facility in Flamenco to create a beam scan job matrix, which 
you can stitch together afterwards using MapStitcher (see the 
MapStitcher chapter). 

 

Accurate data collection 
Sometimes speed of acquisition is not an issue, and you are more 
concerned about the accuracy of your orientation data. A typical scenario 
where this might be the case is when you want to resolve very low angle 
boundaries (e.g. 0.5 - 2° misorientation) with reliability. 

In many cases it is possible to improve the angular resolution of each 
measurement simply by increasing the number of bands detected, 
detecting the edges of bands, increasing the Hough resolution to 60 and 
improving the quality of the EBSP. Even so, there are times when you 
may want further improvements to the angular resolution. 
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For such cases Flamenco has the Orientation Lock feature ("Advanced 
fit"), which uses the exact positions of the Kikuchi bands in the EBSP to 
refine the orientation measurement. As this process involves many 
calculations, it can be quite time consuming (upwards of 1 second per 
measurement for Advanced fit level 4), and should be used when the 
quality of data is far more important than the quantity of data. 

Advanced fit refines solutions, and therefore necessitates correct indexing 
in the first instance. However it operates independently from the standard 
band detection process, and therefore it is not necessary to detect many 
bands or to apply the detected band widths. 

 

Setting up for accurate data collection 
1. Load the sample and start up Flamenco as usual 

2. Proceed with the standard calibration refinement and check the 
indexing. During calibration refinement, it is best to use 8-10 manually 
detected bands evenly spread over the EBSP. 

3. Make sure that the EBSPs are very clear and with minimal noise. This 
is very important as the Advanced fit procedure is extremely 
sensitive to noise. It may be necessary to take 1 second to acquire each 
EBSP. 

4. Set the delay time to the relevant value. 

5. Proceed to automatic mode and choose a job type. Define the job 
parameters (e.g. grid size, step size etc.). Alternatively you may wish to 
work in interactive mode.... 

 

6. Set up the band detection with the following settings:  

Band edges 

Standard divergence 

Min = 5 

Max = 6 

Do not use band widths 

Advanced fit on, level 3 or 4. 

Hough resolution = 60 

7. Proceed with data collection in the usual manner... 

Note: Data collection using Advanced fit can be used with any mode (i.e. 
interactive, beam or stage scanning etc.). 
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When Advanced fit is activated, the MAD value for indexing accuracy is 
no longer valid. Therefore Flamenco will display an Advanced Fit Index 
(AFI) value at the bottom of the solution window and in the solution list.  

Higher values of AFI indicate a closer match between the solution and 
the actual EBSP. 

Tip: If you want to acquire reasonably accurate data quickly (i.e. 
Advanced fit is too slow for your needs), then switch Advanced fit off 
and use the settings as above. 

Pseudosymmetry 
 

A pseudosymmetry occurs where two orientations cannot easily be 
distinguished due to an apparent n-fold rotation axis in lower symmetry 
crystal structures. For example, an orthorhombic structure with similar 
lengths of the a- and b-axis appears to be tetragonal when viewed down 
its c-axis - this is the case in some high temperature superconductors. 
Other examples of pseudosymmetry are often encountered in geological 
materials (e.g. pseudohexagonal structures appearing in trigonal quartz). 

 

 
For example, pseudosymmetry is displayed by the EBSP, from b.c.c. 
Iron, shown above. The EBSP has a <111> direction near the centre of 
the pattern, and appears to have 6-fold symmetry. It is only the weaker  
Kikuchi bands, near the edge of the EBSP, that break this pseudo 
symmetry and show that <111> is really a 3-fold axis. If the indexing 
software does not locate one of these critical bands, it can produce an 
incorrect indexing which is rotated by 60° about <111> from the correct 
one. This is shown above by the two schematic unit cells. 

 

Note: Pseudosymmetric mis-indexings can often be minimised by one or 
more of the following strategies: 
a) Move the phosphor closer to the specimen. 
b) Increase the minimum number of bands used for indexing. 
c) Detect band edges. 
d) Switch on Apply Detected Width of Bands. 

Note: The Remove Systematic Misindexing function in the Noise 
reduction window of Tango can usually correct such misindexings. 
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Rotating a solution 
While indexing in interactive mode, you can view the 
pseudosymmetrically related solutions as follows: 

After normal indexing, select Tools| Rotate solution and Flamenco will  
automatically rotate the solution around a predefined axis-angle pair. 

Alternatively, press the F5 key. 

At the bottom of the solution page, the orientation will be marked as 
"rotated": 

 
Look closely at the EBSP and see which is the correct solution. Pressing 
F5 again will rotate the solution the same amount once again (i.e. usually 
back to the original solution). 

Defining a pseudosymmetry relationship 
For many phases, it is possible to predict theoretically the precise nature 
of any psudosymmetry. In the database(s) supplied with CHANNEL 5, 
these calculations have already been made. 

When a phase that has had the pseudosymmetry pre-defined is loaded 
into the Match Units window, and it has a small cross and a rotation 
symbol next to its name: 

 
The rotation symbol, , indicates that a pseudosymmetry relationship 
has been defined and that the F5 key is active. 

The "+" indicates that the pseudosymmetry relationship has been 
permanently written into the phase information. 

 

If you wish to check, amend or define a rotation for a particular phase, 
right mouse click on the phase in the match units window and select 
"Define rotation for phase..": 

 
Alternatively you can select Tools | Define Rotation... 

 

In the dialog box that appears, enter a rotation axis and angle, e.g. 0001 
and 30°. Press OK. 

The F5 key will now be activated. 

If the phase did not have a predefined rotation already, then the rotation 
symbol alone ( ) will be displayed next to the phase name: 

 

Oxford Instruments HKL Technology CHANNEL 5 Flamenco - Advanced Acquisition • 6.15 



 

Note: the rotation angle and axis will only apply whilst the phase in 
question is loaded in the match units window. If you remove it and then 
add it at a later date, you will need to redefine the angle and axis. 

 

Automatic pseudosymmetry solution 
For some phases, Flamenco can use some specially modified match units 
to automatically solve pseudosymmetry problems. An example is quartz. 
The following 2 orientation maps are taken from a quartzite sample 
(courtesy of Geoff Lloyd, Leeds University).  

 

 
The one at the top is a stage scan map collected using a standard quartz 
match unit. The one at the bottom was collected using Flamenco, with a 
modified match unit.  

The red lines in each image mark boundaries with 60° rotations about the 
c-axis. This is the rotation that marks the pseudo-hexagonal errors, but it 
is also the rotation of Dauphiné twin boundaries, which are common in 
the grains in this rock.  

The top image is characterised by a chequered effect of red boundaries, 
indicating regular misindexing due to the quartz pseudosymmetry. 
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The bottom image has far less systematic misindexing, and shows the 
presence of a Dauphiné twin boundary running across the central grain. 
Clearly the modified quartz match unit significantly improves the 
indexing reliability for quartz. 

 

In order for Flamenco to solve the pseudosymmetry during indexing, the 
special match units must be created by HKL Technology. 

 
Supplied with CHANNEL5 is an HKL phase database. Some of these 
phases, when they are loaded into the Match Units window, will have 
both the rotation symbol ( ) and a "#" sign next to their name. 

The "#" indicates that the match unit has been specially modified, and 
also contains a pre-defined pseudosymmetric rotation (activated by 
pressing the F5 key). At present, modified match units include some of 
the more common problematic phases, e.g. Quartz and BCC Iron. 

If, during your EBSD data collection, you work on a phase that has 
systematic indexing problems but has not been modified by HKL 
Technology, then contact the HKL Technology support desk 
(mailto:HKLsupport@oxinst.com) and we may be able to create a modified 
match unit for you. 
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Simultaneous EDS Mapping 
 

Some systems have been installed on a combined platform with EDS 
microanalysis systems (e.g. Oxford Instruments, Thermo-Electron, PGT 
Spirit or Röntec Quantax). In such cases, Flamenco has the capability to 
collect EDS data at each point in an automated EBSD analysis. These 
data are stored with the EBSD data, and can then be displayed in Tango 
using the EDS Window Map Component (refer to the Tango chapter). 

 

Setting Up EDS Mapping 
Setting up Flamenco to collect EDS data during an automated scan is 
very straightforward. First of all, go through all the standard steps for 
designing an automated job – calibration, selecting phases and designing 
the analysis parameters (e.g. step size) and so on. 

Note: Flamenco has to be running at the same time as the EDS system for 
the EDS mapping to work. 

 

Before you finalise the job (i.e. add it to the job list), select Tools | EDS 
Mapping Setup… from the drop down menu items. You will now see 
the EDS Mapping Setup window.  

Here you can select the appropriate settings for simultaneous EDS-EBSD 
mapping, by following these steps: 

1. Choose the elements that you wish to map. Press "Add" and then 
choose from the drop down list, or type in the element symbol (e.g. Al, 
Mg etc…). Add as many elements as you want, and choose the desired 
energy level (e.g. Ka, La etc), although Flamenco will automatically 
select the most likely one.  
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2. Select the minimum cycle time – i.e. the minimum dwell time at each 
point that Flamenco needs to wait in order to acquire a reasonable 
element count.. This is very dependent on the EDS system, the sample-
EDS detector geometry, the material, the count rate and so on. Typical 
values will be in the range 100-500 ms per point. 

Tip: experiment with a range of samples and conditions in order to find 
out what are suitable parameters for your system. 

 

 
3. Switch on the EDS mapping by checking the "Mapping Enabled" box 
and pressing OK. By default the mapping will be disabled whenever you 
design a new job or start up Flamenco. 

4. Add the job to the job list and press Run, as usual. 

 

Note that when you wish to view the EDS data in Tango, it is necessary 
to close Flamenco and all other CHANNEL5 programs in order for 
Tango to update the EDS Window labels. 

An example simultaneous EBSD-EDS map is shown below. 

 

 
EBSD map (Euler colours) 

 
EDS map (Red:Al-Kα, Green: Cu-Kα) 

The Friction Stir-Weld Al-Cu sample was provided by T. 
Saukkonen and K. Savolainen from Helsinki University of 
Technology, Finland. 

 

Saving EBSPs 
 

Flamenco has the capability of saving an EBSP to a file. Any individual 
EBSP can be saved by selecting EBSP | Save and then typing in a file 
name. The EBSP can be saved as either a windows bitmap (*.bmp) or 
JPEG (*.jpg) file. 
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Likewise, it is possible to load in a previously stored EBSP by choosing 
EBSP | Load and selecting the relevant file. 

 

Sometimes you may wish to save all of the EBSPs that are collected 
during an automatic job (e.g. during beam scan mapping), so that you can 
reanalyse the patterns offline at a later date. It may be that you are not 
clear about what phases are in the sample, or that you want to try out 
different indexing parameters in order to determine the ideal set up for a 
particular sample. 

Clearly, if you are saving every pattern in a project, then it will take up a 
lot of hard disk space - therefore it is necessary to compress each EBSP 
before saving. 

Flamenco provides the capability for the compression and saving of 
EBSPs during automated jobs, and this is controlled by the Image 
Storage page in the workspace. 

 

Image Storage Page 
If the image storage page is not visible in either Set Up mode or 
Automatic mode, then select View | Customise and put a tick in the 
relevant checkbox (see the section Setting up the workspace in Flamenco 
-an Introduction).  

 

 
The image storage page will show the currently snapped EBSP and has a 
single control - the compress image button. If no EBSP is visible, press 
this button and the currently snapped EBSP will be displayed after 
compression. 

On the property control panel are the EBSP compression and save 
options. 

The image compression options are as follows: 

 

Quality controls the amount of compression. A high quality represents 
less compression, but will take up more disk space and will take more 
time. A low quality will be faster, will take up less disk space but will be 
poorer quality. 

 

The smoothing radius controls the extent of smoothing of the image 
during compression. Lower values provide sharper images, higher values 
smoother images. Generally a setting of 0 or 1 is suitable for most 
compressions. 

 Setting the non-visible area to black will tell Flamenco to ignore the area 
outside of the crop marks (as defined in the EBSP Geometry page - see 
the previous chapter for details). This will save time and ensure that only 
the diffraction pattern itself will be compressed and saved. 

 
By clicking on the compress button in the workspace, the new, 
compressed EBSP will be shown.  
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On the Property Control Panel the attributes of this compression are 
shown. These are: 

The original file size 

The compressed file size 

The compression ratio 

The time taken for the compression and save process 

 

 

Below the compression options, on the Property Control Panel, are the 
save options. By default, every time Flamenco is started this will revert 
to "Do not save". If you want to save the EBSPs during an automated 
run, then you have 3 options: 

1. Save the EBSPs that are not indexed. This allows you to "repair" a 
project at a later date. For example, there may be a second phase in the 
sample that you were not initially aware of. then you can return to the 
stored EBSPs and, using a new match unit, index the second phase 
EBSPs. 

2. Save a percentage of the patterns. Typically you will want to save all 
the patterns (100%) and completely reanalyse the project offline. 
However, by choosing a smaller percentage, you can perform a random 
offline check of the indexing reliability.  

3. Save all the patterns but don't index. Sometimes you do not know the 
full details about a sample, and do not wish to take a lot of SEM time 
trying out different EBSP indexing parameters. In such cases, this option 
will simply save every EBSP but will not waste time trying to detect 
bands or to index the patterns. The full analysis can be done offline at a 
later date. 

 

Note: if the EBSP save feature is enable (in any format), then Flamenco 
will warn you before starting the job of the maximum disk space that 
could be filled. The EBSPs will be saved in a folder in the same directory 
as the project. 

Full details of how to perform the offline reanalysis are given in the 
following section. 

 

Repeating Projects 
 

There are many cases in which it is helpful to re-analyse, to repeat or 
simply to reuse the settings from a previously completed project. 
Flamenco has the capability to do all of these things. 
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Note: these options are only applicable to projects collected using 
Flamenco. 

 

Re-analysing Projects Offline 
 

If you have saved the EBSPs during an automatic job (see previous 
section), then it is possible to use these EBSPs to perform an offline 
reanalysis. The type of reanalysis depends upon the option chosen during 
the pattern save process: 

 

All EBSPs have been saved. 
In this case it is possible to completely re-analyse the project. 

 

Choose Projects | Open | Reanalyze Project. If the project that you 
select does not have a folder with stored EBSPs in the same directory, 
then Flamenco will warn you: 

 

 
Otherwise, you will see the following dialogue box: 
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You can choose which settings from the original project you wish to 
import. All the settings can be amended before starting the offline 
analysis, so it is advisable to keep all the recommended options ticked on. 
Obviously the stage positions, the camera settings and the save EBSP 
options are all disabled by default. 

Tip:  The ‘only reanalyze zero solutions’ feature is valuable for 
reanalyzing zero solution areas with a new phase that may have been 
found from the simultaneous EBSD-EDS maps.  
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Note: Tick the ‘Lock reanalysis to phase of original data’ to re-index each 
point with the one specified phase from the original dataset. 

The phase of each point in the original dataset can be changed based on, 
for example, the EDS data.  See the worked example in chapter Subsets, 
section Using EDS counts to create subsets. 

 

Click on OK and you will be warned that you are about to overwrite the 
current settings: 

 
Click on OK and then type in a name for the project. 

 

Flamenco will jump to the Frozen SEM Image in Automatic Mode, and 
will display the sampling area in the usual manner. 

 

Note: If you are running the offline analysis on a different computer to 
the computer on which the data was acquired, there may be different 
databases available. Wherever possible, try to use the same database for 
the offline analysis, otherwise you will need to manually load the 
phase(s) into the Match Units window. 

 

Amend the band detection / indexing (and match unit) parameters as 
necessary and then add the job to the job list.  

 

Press run to start the off-line analysis. 

 

Non-indexed EBSPs have been saved 
In this case you can "repair" a project, by reanalysing the EBSPs that 
were not indexed in the initial analysis. 

Choose Projects | Open | Reanalyze Project. 

Then follow the same procedure as for reanalysing a project in which all 
EBSPs have been saved (see the previous section). 
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After typing in a name for the new project, you will then be asked 
whether you wish to incorporate the new data into the existing data (i.e. 
repair the project): 

 
Click on yes if you wish to repair the project, or No if you wish to 
analyse the saved patterns and store the results on their own. 

 

Flamenco will jump to the Frozen SEM Image in Automatic Mode, and 
will display the sampling area in the usual manner. 

 

Note: If you are running the offline analysis on a different computer to 
the computer on which the data was acquired, there may be different 
databases available. Wherever possible, try to use the same database for 
the offline analysis, otherwise you will need to manually load the 
phase(s) into the Match Units window. 

Amend the band detection / indexing (and match unit) parameters as 
necessary and then add the job to the job list. 

 

Press Run to start the off-line analysis. 

If you have chosen to repair a project, then the display on the Frozen 
SEM page will show all of the previously indexed points and Flamenco 
will try to fill in the gaps:  

 

Oxford Instruments HKL Technology CHANNEL 5 Flamenco - Advanced Acquisition • 6.25 



 

Otherwise you will only see the newly-indexed points on a white 
background. This will also be the display if you are re-analysing a 
predefined percentage of stored EBSPs: 

 
 

 

 

Repeating Projects  
 

Sometimes you may want to run a series of identical automated jobs, 
using the same indexing settings, the same sampling parameters (e.g. step 
size, grid dimensions) and the same phase attributes. 

 

In such cases choose Projects | Open | Repeat Project. 

Select the name of the project that you wish to repeat, and click on OK. 

You will see the following list of settings: 
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You can choose which settings from the original project you wish to 
import. All the settings can be amended before starting the analysis, so it 
is advisable to keep all the recommended options ticked on. The grid 
dimensions are by default kept the same as the original project, whilst the 
stage position is not imported (although you can tick this on if you want 
the new project to analyse an area at the same stage position). 

Click on OK and you will be warned that you are about to overwrite the 
current settings: 
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Click on OK and then type in a name for the project. 

Flamenco will switch to automatic mode, and you can amend the settings 
before adding the job to the job list.  

Tip: it is advisable to perform a routine calibration refinement before 
adding the job to the job list, and to ensure that the delay time for 
external image processing is set correctly - see the previous chapter for 
details. 

 

Press the run button to start the job. 

 

 

Importing settings from a project 
 

Different materials generally require different indexing settings in order 
to achieve the best results. When you have found the ideal parameters for 
a particular material (i.e. you have run a project that indexed very well), 
you can use the import settings feature in Flamenco to revert back to 
these ideal settings. 

 

 

Choose Projects | Open | Import Settings from Project. 

Select the name of the project whose settings you wish to use, and click 
on OK.  

You will see the following list of settings: 
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Simply toggle on or off the relevant parameters that you wish to re-use. 
For example, you may want to import only the band detection and 
indexing settings: in this case simply remove the ticks from all the other 
boxes. 

Note: you can always amend the settings before starting the data 
collection 

When you have selected the relevant settings, click on OK. 

All of the settings will be altered accordingly, and you can proceed with 
data collection in the usual manner. 

You can restore the original settings at any time by selecting Edit | 
Restore Settings. 
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EBSP Simulation 
 

Flamenco has a feature that allows you to view a simulated EBSP for any 
phase and any orientation. This is controlled by the Simulation Page.  

If the simulation page is not visible, then select View | Customise... and 
put a tick in the relevant checkbox (see the section Setting up the 
workspace in "Flamenco -an Introduction").  

 

In the workspace, the simulation will be displayed. The display options 
(e.g. band centres or edges, minimum intensity etc...) are controlled by 
the Property Control Panel for the solution page (see the section 
"solution" in the previous chapter). 

 

 
 

On the Property Control Panel for the simulation page are the controls for 
the simulation.  
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Firstly select the relevant phase using the Match Units drop down list. 
This will show only the phases that are loaded into the Match Units 
window at the time - if you want to view the simulation for other phases, 
then add them using the Match Units window. 

 

To set the orientation, you have 2 choices. Either you can input the 
orientation in terms of the 3 Euler angles using the edit boxes, or you can 
rotate the 3-D simulation using the mouse. 

Note: the 3-D simulation of the unit cell is displayed in the reference 
frame of the sample surface (i.e. as if you were looking directly down on 
the sample surface). 

 

You can set the increment of the Euler angles by right mouse clicking on 
them and editing the pop up box. This enables you to view changes of a 
predefined angle (e.g. 0.1°). 

 
If you have indexed an EBSP, then you can set the Euler angles to the 
current solution by pressing the Current Solution button. 

 

You can also edit the background display for the solution. If you want a 
plain colour, you can choose this using the Colour controls.  

Otherwise you may wish to view the simulation on top of the currently 
snapped EBSP, by putting a tick in the box marked "Current EBSP". 

If you would like to view the last simulated orientation in the 
background, then check the box marked "Show Previous". This is useful 
to view differences between two solutions related by pseudosymmetry 
(see the Pseudosymmetry section earlier in this chapter). 
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Tools and Options 
 

Besides the essential and advanced facilities for EBSD data collection, 
Flamenco offers a number of tools and options which are designed to 
facilitate your use of the software. 

Many of these additional features can be set by selecting Tools | Options. 
The following dialog box will appear: 

 
 

Auto-Minimise 
This tells Flamenco to minimise after a certain time period, as long as no 
user interaction has occurred (such as movement of the mouse). It is 
useful for long automated beam scans, when minimising the window can 
significantly increase the speed of data acquisition. 
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 To enable the feature, in the Options dislog box ensure that there is a tick 
in the checkbox and set the time in minutes: 

 
 

 

E-mail function 
Many users have their offices some distance from the SEM laboratory, 
and would find it useful to know when an automated EBSD analysis has 
finished.  

The e-mail facility in Flamenco allows you to set up the software so that 
it e-mails you when each automated job has finished, or in the (unlikely) 
event that there has been a serious error. Obviously your EBSD computer 
must be networked for this feature to work. 

To set up the e-mail, tick the appropriate checkbox in the Options dialog 
box: 

 

Then press on the small button ( ). The settings edit box will appear: 

 
Enter your e-mail address, SMTP Host and Port details. If you want the 
e-mail to also enclose an attachment of the EBSD results (i.e. the 
orientation map superimposed on the Frozen SEM image) then check the 
box next to "Microstructure as Attachment". 

Ensure that there is a tick in the box next to "Enabled", then click on OK. 

 

Note: you can also alter the e-mail settings using Tools | E-mail set-up. 
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Note: Flamenco will send you an e-mail on completion of every 
automated job. Therefore, if you have many jobs in the job list (e.g. you 
have set up a job matrix), then you will receive many e-mails. 

 

Beep on finishing a job 
If the box next to "Beep when finished" is ticked in the Options dialog 
box, then Flamenco will beep every time it completes an automated job. 

 

Acquiring and saving images 
The SEM image can be set to be scanned automatically and saved as 
*.jpg files, either only before every job or both before and after every job.  
The images will be saved in the same directory and with the same file 
name as the job.  

Some of the uses of automatically saving SEM images are; 

To keep a record using the secondary electron or Fore-scatter detectors. 

To evaluate the amount of drift before and after each job.  

 

Note:  An overlayed EBSD map on the SEM image is also saved, when 
‘save images before and after jobs’ is selected. 

 

Filament saving 
The filament on the SEM can be switched off or blanked at the end of 
completion of all the queued jobs, depending on the type and 
functionality of SEM. 

This is useful tool to limit the damage to the sample and prolong the life 
of the SEM filament.  

To activate this feature, first tick the box ‘Do filament saving when job 
finishes’.  Then select from the option available form the ‘Filament 
saving type’. 
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Stage and beam scan time estimates 
The average time per measurement depends on many factors: the 
phase(s), the delay time, the band detection parameters, the computer 
speed etc... The time taken for stage movements is also very dependent 
on the SEM in question. 

Therefore it is possible for users to define the time taken per 
measurement based on previous automated analyses. 

In the Tools | Options dialog box, type in the time estimates in 
milliseconds based on previous analyses with similar conditions (the 
average time per measurement is shown by Project Manager).  

 
The new values will be used to estimate the time taken for each job in the 
Job List window, and when designing a new job: 

 
 

Tip: If you are running multiple jobs (e.g. a job matrix), then you can use 
the first project to set the time estimates. All subsequent jobs will have 
their time estimates updated. 

 

Monitor 
During an automated run, it can be useful to observe the performance of 
the system. This can be done using Monitor - a feature that monitors 
changes in a number of important parameters. 

To start Monitor, choose View | Monitor. 

A re-sizeable window will appear, with a number of display options: 
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Monitor allows you to view changes in the EBSP quality (band contrast 
and band slope), the indexing performance (MAD and the Hit Rate), the 
speed of indexing (Time per cycle) and the amount of free disk space 
available (useful when you are saving all the EBSPs during a job). 

 

In the lower part of the window are controls for the sample range:  

 
You have 3 choices: 

1. Display the variation over a range of fixed length. The range is set in 
the underlying edit box. 

2. Display the variation from the start of the job to the current position. 

3. Display the variation over the entire job, from the start to the projected 
finish. 

 

Next to these controls Monitor will show the last mean value, the 
minimum and the maximum values. 

 

 

Advanced Calibration 
The calibration of an EBSP system is probably the most important 
operation to perform, since poor calibration leads to unreliable absolute 
(i.e. crystal to sample) orientation measurements. Careful calibration 
should therefore become a routine procedure.  

An initial calibration of the system will be carried out when it is installed.  
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Calibration parameters 
The purpose of calibrating the system is to establish the geometry of the 
projection of an EBSP onto the phosphor screen and to determine the 
geometrical relationship between SEM and EBSP detector. 

The calibration parameters are outlined below: 
 

Z1

Y1

X1

Tilted
Specimen

Electron  Beam

Specimen
Surface

Axes

Tilt Axis

Tilt Angle

XmYm

Zm

Microscope
Axes

Θ

Phosphor Screen

Pattern
Source Point

Monitor

TV-Rate Signal

Pattern
Centre (PC)

Detector 
Distance

(DD)

 
 

Pattern Centre 
The pattern centre (PC): the point on the imaging phosphor/detector 
closest to the pattern source point, i.e. its projection perpendicular from 
the phosphor screen. The value is expressed in x- and y- co-ordinates 
(PCx / PCy), with (0,0 / 0,0) being at the bottom left of the screen. The 
PC is measured in pattern units. Typical values are PCx=0,5 and PCy=0,7 
(i.e. with a pattern centre approximately 20° above the centre of the 
imaged EBSP).  

N.B. All lengths in Flamenco are measured in pattern units, with 1 unit 
being defined as the width of the captured EBSP image. 

Detector Distance 
The detector distance (DD): the distance between the specimen and the 
imaging phosphor/detector. This is initially calculated by measuring the 
distance between two known EBSP zone axes, and relating this back to 
the known angle between them. The DD is measured in pattern units. A 
typical value is 0,5 (i.e. half the diameter of the EBSP screen): 

V/H Ratio 
The V/H ratio: the ratio of vertical height to horizontal width of the 
captured EBSP image on the screen. The V/H-ratio of a standard TV 
signal is 0,75: 
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Detector Orientation 
The detector orientation is represented by 3 Euler Angles (ϕ1, Φ and ϕ2) 
relating the co-ordinate systems of detector (CS3) and microscope 
(CSm). It thus describes the orientation of the EBSP detector’s SEM-port 
and a possible rotational component of the detector within that port, or 
rather of the camera’s CCD chip within the detector. Refer to the 
Glossary entry on “co-ordinate systems” for more information.  

Note : In Flamenco the detector orientation also compensates for 
systematic errors resulting from inaccuracies in the stage tilt and pattern 
centre. It thus does not represent an absolute figure for your system and 
will have to be refined when operating conditions (i.e. stage tilt, working 
distance etc.) are changed! 
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Silicon as a Calibrant 
It is strongly recommended that all calibrations are carried out using a 
single crystal. The commonest calibration method uses piece of a single 
crystal silicon wafer (e.g. with surface normal (001) and a [110] type 
reference direction) as a standard specimen of known orientation from 
which the projection parameters as well as the detector orientation can be 
derived with the help of Flamenco.  

Note:  For calibration try and capture the highest quality and resolution 
EBSP possible.  A typical EBSP from such a sample can be seen at the 
end of this section. 

Guidelines for the use of Silicon 
Use as large a piece of silicon as is practical. 

If possible, mount the silicon directly onto your specimen, or use a 
specimen holder that has a piece of silicon firmly attached to it. 

By eye, make sure that the cleaved edge of the silicon is horizontal. 

Make sure that the silicon is inclined (typically at 70°) from the 
horizontal. 

 

Accurately align the Silicon cleaved edge 
If your SEM has the facility to rotate the silicon about its surface normal 
then the following procedure should be used to accurately align the 
cleaved edge. 

Zoom-in on the cleaved edge of the silicon specimen. 

Using only the stage movement along the tilt axis, track along the cleaved 
edge of the silicon and watch to see if it moves away from a fixed point 
on the SEM monitor. 

If the cleaved edge moves then the silicon is not properly aligned and will 
need to be rotated. In this case, rotate the silicon by a few degrees and 
repeat the above procedure, until the edge stays in a fixed position all the 
time. 

It is sometimes useful to start at a low magnification, align the silicon, 
and then move to a higher one. 

proceed to Set Up mode in Flamenco, collect a background at very low 
magnification and then switch to spot mode at high magnification and 
collect an EBSP. 

Snap the EBSP. 

Setting the Projection Parameters (PP) 
Click on the ‘EBSP Geometry’ tab or select  from the properties menu, 
while Flamenco is in ‘Setup’ mode. 
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Set approximate values for the Projection parameters (PP). 

Or load the approximate PP values from an existing calibration file 
(*.cal), which was obtained at similar conditions. 

The PP values are the Vertical/Horizontal (V/H) image pixel ratio of the 
EBSP, Pattern Centre (PC) in X and Y directions (position of the blue 
cross on the EBSP) and the detector distance (DD). 

The conditions that effect the PP values are the working distance (WD) 
and detector distance (DD). 

Detect bands as best as possible, by including some manually drawn 
bands. 

Click on Index. 

To check the validity of indexed result look at the labels on the ‘zone 
axis’ that they are correctly identified and the position of the bands are 
roughly match the EBSP.  If not, then adjust the PP values to get a close 
enough solution. 

‘Refine’ the solution to get the exact PP values. 

The exact PP values are achieved if the indexed solution is a perfect fit to 
the EBSP as shown in the image below and the MAD value is below 0.5. 

Finally save the calibration into a calibration file (*.cal). 

For more information, on getting good band detection and refinement of 
PP values, refer to the earlier section on ‘Routine Calibration’.  

 

Tip:  The PC position (blue cross) is close to the (311) zone axis for a 
EBSD detector orientation of 0,90,0.  To change the position of the blue 
cross, click on the cross using the mouse, while you are in the ‘EBSP 
Geometry’ window. 

 

 

Note : If you are unsure about the DD value, try entering 0.5 for the 
Detector Distance in the Detector Distance dialog box (Calibration | 
Projection Parameters). This value may then later be refined. 
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A typical EBSP (2x2 binning) from a Single crystal Silicon with with 
surface normal (001) and a [110] type reference direction. 

 

 
Indexed EBSP.  Note the position of the PC with respect to the (311) 
zone axis in the EBSP. 
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Set the Detector (Phosphor) Orientation 

 

Open up the Detector Orientation edit box by choosing Calibration | 
Detector Orientation... 

Enter the theoretically deduced Euler angles for the detector (using co-
ordinate system #3, CS3) orientation relative to the microscope axes 
(CSm) into the relevant boxes. Clicking on "Load Defaults" should 
automatically load the theoretical values for your SEM: 

 
 

Click on OK. 

See the following table and the Glossary entry on CSm for more 
information. 

Note : These parameters will have been determined when the EBSP 
system was installed and will have been noted. If not, then contact HKL 
Technology for assistance. 

 

Please enter the theoretical Euler angles (CSm → CS3) for your system in 
the table below. 

 

ϕ1 (phi1) φ (psi) ϕ2 (phi2)

°
 

°
 

°
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JEOL 820 - 6100
JEOL 840 - 6400

Front

71°

+Ym

+Xm+Zm

+X3

+Y3 +Z3

ϕ1

φ
ϕ2

= 71°
= 90°
= 0°

CS3 CSm

Some EBSP cameras have the
facility to rotate 180° in the
SEM/EBSP-interface
(e.g. NORDIF), which will effect
the 3. Euler angle with:
ϕ2 = ϕ2 + 180°

LEICA 250MkIII/240/260/360
(with standard stage)

Front

+X3

+Y3+Z3

LEICA 360
(with eucentric stage)

Front

+X3

+Y3+Z3

Gresham-CAM SCAN CS44

Front

+X3

+Y3+Z3

TOPCON ABT60

Front

+X3

+Y3
+Z3

JEOL 845

Front

+X3

+Y3
+Z3+Zm

+Xm

+Ym

JEOL 733

Front

+X3

+Y3 +Z3

78.5°

+Ym

+Xm+Zm

ZEISS 982 (Gemini)

Front

+X3

+Y3+Z3
+Ym

+Xm

+Zm

ZEISS 940/942/960/962
(with pretilted specimenholder)

Front

+X3

+Y3
+Z3

+Xm

+Ym

+Zm

ZEISS 94x/96x (with special
NORDIF-ZEISS interface)

Front

+X3

+Y3+Z3

+Ym

+Zm

+Xm

PHILIPS XL 30

Front

+Ym

+Xm

+Zm

+X3

+Y3+Z3

ϕ1

φ
ϕ2

= 90°
= 90°
= 0°

CS3 CSm

ϕ1

φ
ϕ2

= 78.5°
= 90°
= 0°

CS3 CSm

ϕ1

φ
ϕ2

= 0°
= 90°
= 0°

CS3 CSm

ϕ1

φ
ϕ2

= 0°
= 90°
= 0°

CS3 CSm

ϕ1

φ
ϕ2

= 0°
= 90°
= 0°

CS3 CSm

ϕ1

φ
ϕ2

= 0°
= 100°
= 0°

CS3 CSm

 

Geometrical relationship (detector orientation in Euler Angles) between 
EBSP detector and some common SEMs (top view). 
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Calibration refinements 

Introduction 
After you have established an approximate calibration, it is necessary to 
refine these parameters, based on the indexing of a live EBSP image of 
the silicon; this procedure is described below: 

Note: Accurate detection of the Kikuchi,bands is essential for effective 
calibration. Therefore when undertaking a calibration refinement, detect 
the Kikuchi bands manually and with care. 

 

Produce a calibration EBSP 
Follow the instructions given in the section called "EBSP Production" in 
the previous chapter and produce an EBSP from a calibration specimen, 
e.g. a silicon single crystal. 

Detect the Kikuchi Bands manually 
Follow the instructions given in the section called "Routine Calibration - 
worked example" in the previous chapter. Mark the positions of about 6 
Kikuchi bands and try to make them evenly spaced apart across the 
EBSP. 

Indexing the calibration specimen EBSP 
Follow the instructions given in the section called Indexing the 
calibration EBSP in the previous chapter, and index the EBSP. 

Compare the simulated EBSP with the original EBSPon the solution 
page. If there is a good match then proceed to the next step, if not repeat 
the earlier steps for setting approximate calibration parameters (PC, 
DD…) until a good match is achieved. 

The Mean Angular Deviation (MAD) shown on the Property Control 
Panel for the solution page is a measure of how well positions of the 
bands in the simulated EBSP match those in the actual EBSP. The 
smaller the number the better the match, 0.5 to 2° is usual at this stage. 

 

Refining the calibration parameters 
The approximate calibration parameters can now be refined to give a 
more accurate and reliable calibration. 

1) You can refine the projection parameters and reduce the MAD number 
by selecting Calibrate |  Projection Parameters.. 

2) The Status of Calibration dialog box will appear on screen. 
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3) Ensure that all 3 boxes to the left have a tick ( ). 

4) Click on Refine to refine the calibration. 

5) Check that the MAD number to the left of the Refine button has 
become smaller. 

6) If the EBSP has sharply defined Kikuchi bands, click on Advanced fit 
Refinement to further refine the calibration. 

7) Click on OK to accept the new settings. 

Reviewing the calibration parameters 
It is important to keep a record of the projection parameters and to check 
for consistency.  

Click on Calibrate | Projection Parameters... to view the calibration 
parameters. 

Note the parameters and click on OK 

 

Refining the Detector (phosphor screen) Orientation 
The silicon specimen is a single crystal of known orientation and the 
measured orientation should, in theory, exactly match the predicted one. 
In practice this is rarely the case due to a combination of errors involving 
the specimen, stage and detector positioning, e.g. the stage tilt may not be 
exactly 70°.  

We can ask Flamenco to refine the Detector Orientation to allow for this. 

Select Calibrate | Detector Orientation... 

Press on the Refine button, and the following dialog box will appear: 
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Select the appropriate Match Units (e.g. silicon). 

Enter the Crystal orientation indices. If the recommended silicon single 
crystal is used, Z would be parallel to 001 and X would be parallel to 
110. Having entered the appropriate figures, click on Refine. 

The old and new values will appear on the screen. 

Review the Euler angle figures. As a result of the refinement procedure 
they should have changed a little. Click on OK (or cancel to reject the 
changes). 

Note: Z is the direction normal to the acquisition surface, referred to as 
co-ordinate system 1 (CS1). X refers to a direction within the acquisition 
surface. Depending on the actual SEM, X is either parallel or 
perpendicular to the tilt axis. 

 

Saving the Calibration 
To store the calibration for future use 

Select Calibrate | Save... 

The Save Calibration File dialog box will appear on screen. All 
calibration files have the extension *.CAL.  

Enter the file name and click on the OK. 
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SEM Magnification Calibration 

Introduction 
This is a simple procedure for calibrating the beam control settings in 
Flamenco systems that have beam control, but do not have an imaging 
system. 

For systems with an imaging system, refer to the relevant section in the 
"Flamenco - Imaging" chapter. 

Note: This calibration is only valid for the magnification indicated by the 
SEM and assumes that this is correct and that the SEM scanning is 
orthogonal (see the section on Switching Tilt Correction and 
Magnification in the "Flamenco - Imaging Chapter").  

On some SEMs the indicated magnification can change depending on 
which device is selected, e.g. Photo, Display, or Printer. 

 

The indicated SEM magnification is used to calculate the X and Y 
voltages that need to be applied to produce a particular beam deflection, 
e.g. 1 micron. 

If your SEM has dynamic focus correction, tilt correction and/or scan 
rotation then they should be switched on. On some SEMs, these are not 
available when running under external beam control. 

 

A New Magnification Test 
Specimen for SEMs, 
I. M. Watt & N. A. Wright, 
Metron (UK) 3, No 6, 153-
156 (1971). 

Note: This calibration is only valid for the magnification indicated on the 
SEM console, which could be calibrated for photographs, the display or a 
printer. Ideally you should also check the SEM magnification with a 
calibrated artifact, e.g. SIRA grid. 

 

Setup the SEM for EBSP 
Follow the instructions in the section on EBSP production in the chapter 
Flamenco - EBSD Acqusition. 

Follow the instructions in the section on "EBSP production" in the 
previous chapter. 

Switch on electron beam, set to normal operating conditions (20.0 kV, 
10nA, 20mm working distance...) 

Set the Magnification to ~500 

Switch on Tilt Correction.  

Switch on Dynamic Focus 
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Find a clean bit of the specimen 

Switch to "Picture" mode (scan an area) on the SEM 

 

Run Flamenco 
Run Flamenco 

In the Match Units window, click on Add, select Silicon, set the 
Maximum number of reflectors to 50. 

 

Scan an 11 by 11 grid 
Switch the SEM to External Beam Control mode (for mapping) 

Switch to Automatic Mode. 

Add a new beam scan mapping project: change to the EBSDDATA 
directory, enter "MICRON1" for the project name. 

If you have not used the SEM tilt correction, then activate Flamenco's tilt 
correction using Tools | Flamenco tilt correction.  

Enter 500 for SEM mag., 11 by 11 grid in 10 micron steps and add the 
job to the job list. 

Select Tools | Min time per frame and set the Delay Time to 1000 ms 
(to make contamination marks) 

Press the "Run" button in Cycle control 

The beam scan job will start and should take about 2 minutes. 

Note: don't worry if the software cannot index or if there is no pattern, we 
only really want the contamination marks that show where the beam has 
been. 

 

Measure the grid with the specimen still tilted 
With the specimen still tilted, switch back to "Picture" mode in the SEM 
and measure the size of the grid to give X and Y, the width and height 
(microns) of the grid.  

Note: If your SEM cannot measure tilted specimens, then withdraw the 
camera before tilting the specimen back to 0° tilt. You will need to keep 
the scanned area in view as you tilt to 0°, then measure the grid size and 
tilt back to 70°. 

Ideally X and Y should both be exactly 100µm! If not, then you need to 
adjust the settings in Flamenco. 

Select Calibration | Magnification Calibration and the following 
dialog box will appear:  
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Ensure that both the X measurement and Y measurement boxes are 
ticked, ensure that the "Measured in Flamenco" values are both 100µm, 
and enter the SEM-measured values in the boxes marked "Real 
Distance". Click on OK. 

 

Go back to the step "Scan an 11 by 11 grid" and repeat until the grid 
measures 100 by 100µm (+/- 2%) 

 

Measure the grid with the specimen flat 
Withdraw the camera, then slowly tilt the specimen back to 0° tilt. You 
will need to keep the scanned area in view as you tilt. Measure the grid 
size. 

If the grid measures 100 by 100µm (+/- 2%) then your calibration is 
complete. 

Otherwise, slowly tilt back to 70°, carefully insert the EBSP camera. 
Input the new measured values of X and Y into the Magnification 
Calibration dialog box in Flamenco, and click on OK.  

Repeat the steps from "Scan an 11 by 11 grid" onwards, but bring the 
specimen back to 0° tilt before measuring the grid size. 

 

Setting Up Dynamic Calibration 
 

From CHANNEL5 Service Pack 5 onwards, Flamenco has the capability 
to dynamically calibrate the variation in projection parameters during a 
low magnification beam scan – this is known as the Dynamic Adjustment 
of Projection Parameters (DAPP). However, the calibration settings will 
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be different on every SEM, and therefore need to be set up for each 
system. 

Listed below are the instructions for setting up dynamic calibration. If 
you have any questions or need assistance, then contact HKL 
Technology's support desk: 

E-mail: HKLsupport@oxinst.com 
Tel:  +45 9657 2600 

Note that the following procedure must be done on the PC used for 
EBSD data acquisition, so that the appropriate settings can be written into 
the configuration file. It is also important that the magnification 
calibration is correct before setting up the dynamic calibration. 

 

Acquire a low magnification map with stored EBSPs 
from a single crystal. 
1) Put a large single crystal specimen (e.g. Silicon >5mm wide) in the 
SEM and set the SEM up for EBSP (e.g. 70° tilt, 20kV, 15-25mm 
working distance, ~30 magnification) 

2) Run Flamenco; click on the "Setup" button 

3) Go to the "Live EBSP" tab and set up to produce high quality EBSP – 
use a long acquisition time and many frames background averaging. 

4) Acquire an EBSP background at low magnification, say x30 - try to 
get about 3mm of the single crystal in view. 

Tip: If possible, spin the specimen while acquiring the background; this 
will help to blur out any Kikuchi bands. 

5) Switch Background correction on.  

Tip: If you have a Nordlys detector, then use the background 
enhancement setting "Both" as this will provide better EBSPs across the 
whole area. 

6) Click on the "Imaging" button 

7) Check that the specimen is in focus (dynamic focus and tilt correction 
on). 

8) Switch to "Spot" mode and produce a high quality EBSP 

9) Load the appropriate match unit, e.g. Silicon; and index this EBSP; 
then refine the projection parameters (Calibrate | Project Parameters). 

10) Switch on Pattern Storage and store all the EBSPs, there is no point 
indexing them.  

Tip: You may need to go into View | Customise and make the page 
visible. 

11) Press the "Automatic" button and design a new beam scanning map 
(top right button on the job-list window); the map should be 
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approximately 20 x 15 points and fill most of the image (i.e. cover 
several square milimetres).  

12) Run the job then exit from Flamenco 

 

Calculate the DAPP parameters 
1) Run DAPPCAL.EXE (In the CHANNEL5 directory) 

2) Open the project (Project | Open map project...) 

3) You now have to mark at least 5 points on the map by double-clicking. 
The first point is the reference EBSP and should be near the centre of the 
map (0,0 mm = intersection of the green lines). The other points should 
be at the corners of the map and possibly around the edges. 

Double-click to add a new point; click on a point and drag to move it. To 
delete a point, highlight it in the list of points then right click and choose 
"Delete this point" from the pop-up menu. 

Tip: As you move the mouse, you'll see the relevant EBSP will be 
displayed on the right, try to choose good quality EBSPs. 

 
4) When you've finished marking the points, click the "EBSP alignment" 
button. 

5) On the left is the reference EBSP, on the right is another EBSP. You 
should use the three sets of coloured rings to mark similar features (e.g. 
zone axes) on the two EBSPs.  

For example, on the Silicon EBSPs below, the red ring is placed on both 
<001> zones, the green on the righthand <110> and the yellow on the 
lefthand <110>. 
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6) When the reference EBSP and first EBSP have been marked, click on 
"Next EBSP" and mark the next EBSP; repeat for the remaining EBSPs. 

Note: You may have to select different features on the reference EBSP, 
especially if the relevant features disappear off the edge of the other 
EBSPs. 

7) Click on the "DAPP parameters" button to automatically calculate the 
parameters. 

8) Cick on the "Write to CHANNEL5.INI" button to save the parameters 
and to switch on DAPP correction. 

Tip: Click on the "Compare EBSPs" button to display a superposition of 
the EBSPs (after DAPP correction). 

Setting Up EBSP Correction 
 

From CHANNEL5 Service Pack 8 onwards, Flamenco has the capability 
to correct distorted EBSPs – this is known as the ‘EBSP Correction’. One 
of the sources of the distortion of the EBSPs may be the magnetic field in 
the SEM that influences the path of the backscattered electrons.  The 
distorted EBSPs are corrected by calculating the ‘Correction factor’.  
This is done by comparing a distorted EBSP compared to a reference 
EBSP taken at a reference condition, where there is no magnetic field or 
distortion.  The procedure to calculate the ‘Correction factor’ is given 
below. 

Note: This feature is available only for certified SEMs.  Contact HKL 
Technology A/S if you need more information on the applicability of this 
feature on your SEM. 

Before you proceed, make sure that the Nordlys camera settings, 
background correction and projection parameters are setup for the 
reference condition, as described in the previous chapter. 

Tip: The calculation of the correction factor is dependent on working 
distance (WD) and the projection parameters. 
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Calculate the Correction factor 

 
1) Select Calibrate | EBSP Correction | Setup EBSP correction from 
the menu list.  The EBSP correction window will appear.  Alternatively, 
click on the EBSP correction icon. 

2) Set the SEM to the condition with low magnetic field, e.g. at low 
magnification mode on the SEM. 

3) Position the beam in spot mode to get a reference EBSP in the ‘Live 
EBSP’ tab and click ‘Snap EBSP’. 

4) Click ‘Grab reference EBSP’ in the EBSP correction window.  You 
can use the ‘zoom’ options to resize the ‘Reference EBSP’ appropriately. 

5) Click on ‘Grab reference PP’. 

6) Set the SEM to the condition with high magnetic field, e.g. high 
magnification mode on the SEM. 

7) Position the beam in spot mode to get a distorted EBSP in the ‘Live 
EBSP’ tab and click ‘Snap EBSP’. 

Note: Make sure that the spot is in the same location as in step 3 to get an 
EBSP with the same orientation. 

8) Click ‘Grab distorted EBSP’ in the EBSP correction window.  You can 
use the ‘zoom’ options to resize the ‘Distorted EBSP’ appropriately. 

9) Click either on ‘Calculate’ button to automatically calculate the 
‘Correction factor’, or manually set the ‘Correction factor’ using the 
scroll bar and click on the ‘Preview’ button to view the ‘Corrected EBSP’ 
in the window. 

Tip: Snap and save to use the corrected EBSP to check the indexing.  
You can save the correction factor settings into a *.cor file, see the next 
section. 

10) Switch on/off the ‘activate EBSP correction’ using the check box to 
activate/deactivate the corrected EBSP in the ‘Live EBSP’ tab and the 
EBSP correction icon will read ‘ON/OFF’. 

Tip: Click on ‘Show pattern centres’ to see the change in PC between the 
reference and corrected EBSPs.  You may need to refine the calibration 
further.  You can save the new settings to a *.cal file, as explained the 
‘saving the calibrarion’ section. 

11) Click on OK to use the new calculated correction factor and PP. 
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Loading / Activating / Saving / Viewing an EBSP 
Correction 
Select the Calibrate | EBSP Correction... menu to load a correction 
factor from (*.cor) file. 

 

 

Select Calibrate | EBSP Correction from the menu list.  The pattern 
correction window will appear.  Switch on/off the ‘activate EBSP 
correction’ using the check box to activate/deactivate the corrected 
EBSP in the ‘Live EBSP’ tab and the EBSP correction icon will read 
‘ON/OFF’.  Alternatively, use the drop down menu available from the 
EBSP correction icon to activate/deactivate the corrected EBSP. 

 

 

Select Calibrate | EBSP Correction... to save the current correction 
factor to (*.cor) file. 

 

 

 
Select Calibrate | EBSP Correction | Setup EBSP Correction menu to 
view the current correction factor. Alternatively, click on the EBSP 
correction icon. 
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Flamenco - Phase ID 

Chapter Overview 
 

Flamenco has an optional integrated phase identification system. This allows 
the user to combine information from a chemical analysis (e.g. from an EDS 
system), a crystallographic database and from indexing an EBSP in order to 
determine the identity of an unknown phase.  

 

This chapter will show you how to use the Flamenco Phase ID system, how 
to search a crystallographic database and how to interpret the results of the 
Phase ID analysis. 

 

This chapter contains the following sections: 

Introduction - the Phase ID concept 

Phase ID in Flamenco 

Selecting and searching a database  

Identifying the phase - interpreting the results of a Phase ID analysis 

Phase ID - shortcuts in Flamenco 

Phase ID report generator 

Worked Example of Phase ID 

Introduction 
 

The use of the EBSD to identify unknown phases in a material is a relatively 
new application of the technique. For many years, EBSD has been used to 
discriminate between several phases in a sample ("phase discrimination"), 
either using interactive mode analyses or by automated mapping of several 
phases. Phase ID takes this approach a step further by utilising additional 
information (typically a chemical analysis in conjunction with a 
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crystallographic phase database) in order to produce a list of possible phases 
which are then used to index the EBSP. 

 

The steps in a phase ID analysis are typically as follows: 

1. Locate a grain or particle of the unknown phase 

2. Determine the composition of the phase, usually by an EDS or WDS 
analysis 

3. Search a crystallographic phase database for all phases matching this 
composition 

4. Collect an EBSP 

5. Index the EBSP using the list of potential phases 

6. Determine the identification of the unknown phase 

 

In some systems a degree of integration is possible between an EDS system 
and Flamenco, enabling automatic communication between Flamenco and 
the EDS system. However, on most systems the chemical information will be 
collected using a separate EDS or WDS system. 

 

Note: most EDS (and WDS) systems are calibrated for data acquisition at 
zero tilt and at very short working distances. Therefore it may be necessary 
to collect chemical information from the sample before tilting up to 70° for 
EBSD analysis. However, ensure that you analyse the same grain or particle 
using both techniques. 

 

 

 

 

 

 

 

 

Phase ID in Flamenco 
 

If your system has the optional Phase ID capability, then you will have 
access to some additional components. 

Start Flamenco as described in the chapter "Flamenco - an introduction" and 
follow the procedure for acquiring an image (if you have the imaging 
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capability) and for setting up Flamenco for EBSP acquisition and indexing 
(see the chapter "Flamenco - EBSD Acquisition"). 

 

The most important feature for Phase ID in Flamenco is the enhanced 
Match Units window. This includes the phase database search facilities, 
which can be accessed by pressing the Search button at the top of the 
normal Match Units window. 

This will then give access to the database search facility window: 

 
 

Details of how to select and to search a database are given in the following 
section. 

Note: if your system does not have the Phase-ID option, although you will be 
able to access the enhanced match units window (as above), the database 
search facility will be disabled. 

 

 

 

Selecting and searching a database  
 

In the database search section of the Match Units window, you have all the 
controls necessary for selecting different databases and for searching either a 
single database or a collection of databases. 
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Selecting a database 

 
At the top of the window, click on the Settings button and the following 
box will pop up:  

 
If you already have a database loaded for the selection of match units in the 
usual way, then these will be displayed here. You can add or remove 

databases from the list by clicking on the add button, , and selecting a 
database from the hard disk, or by selecting a database from the list and 

clicking on the remove button . 

 

 
Put a tick in the box marked "Allow duplicates" if you wish all database 
entries for a particular phase to be displayed. If the box is left without a 
tick, then the search results will only display the "best" phase from all of 
the duplicate entries. 

Phases are defined as duplicates using the following criteria: 

1. They have the same unit cell dimensions (a, b and c differ by less than 
0.075Å) 

2. They have the same unit cell angles (α, β and γ differ by less than 1.5°) 

3. They have the same unit cell volume (within 10%) 

4. They have the same composition (within 3.0 at%) 

5. They have the same space group 

 

The "best" phase from duplicate entries is decided using the following 
criteria: 

1. By publication date: the most recent reference is considered the best 

2. By temperature (if available): nearest room temperature is best 

3. By pressure: nearest to atmospheric pressure is best. 

 

Once you have selected the appropriate databases, and have chosen whether 
to allow duplicate entries, then click on OK. 
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Searching a database 
You can search a database (or databases) using 4 different criteria: 

• Composition (elements) 

• Name 

• Space Group number 

• Space Group symbol 

 

 

To choose the search criteria, select your choice from the drop down list. 

 

By elements 

 
In most cases searching by composition will be the standard approach. 
To do this, either type the element symbol(s) separated by spaces (e.g. Fe 

and N), or click on the small button to the right, . 

This will open up the Periodic Table display, with which you can select the 
necessary composition.  

 

A single click on an element will highlight it in green ( ), indicating that 
it must be present in the phase, whilst 2 clicks will highlight it in yellow 

( ), indicating that it might be present. 
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By clicking on the small black bar at the bottom of each element button 
an edit box will pop up allowing you to type in a composition range for 
that element in atomic weight %. 

Click on OK and the length of the bar will be altered correspondingly.  

 If you wish to have "wildcards" (i.e. up to 1 or 2 unknown elements in 
the phase) then put a tick in the box marked "Advanced"  and some extra 
buttons will appear: 

 
At the top there will be some wildcard buttons. Click on each button to 

enable the wildcard, , and click on it again to disable the wildcard, . 

 

Note: adding 1 or 2 wildcards can significantly slow down the search process 
of the database. 

 

 

If you have a wildcard enabled, then you can also specify elements that 
must be absent from the search. To do this, click on an element 3 times 
and the display will change to red, indicating that it must be absent from 
the phase. 

 
At any time it is possible to reset the search parameters by clicking on 
the button labelled "Clear". 

 
Once you have selected all the relevant elements (and wildcards), click 
on the button labelled "Close and search for phases". 

Flamenco will now search your selected database(s) and will show the 
results in the window below. 

Note that it is also possible to type in the search terms in the small entry box 
using the following symbols: 
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Fe Ni Cu Elements definitely present 

~Si Silicon may be present 

Si(40-60) Silicon present with 40-60 Atom% 

? 1 wildcard 

-Si Silicon must not be present 

 

 
Once you have typed them in, click on "Search". 

Tip: if your search came up with no possible phases, then widen the search 
criteria by changing some of the elements from "Must be present" to "May 
be present", and/or by adding wildcards. 

 

By name 

 

To search a database by name, select the search criteria "Name:" from 
the drop down list and type the name you are looking for in the adjacent 
entry box and click on "Search". 

 

Alternatively click on the small button, , and a new edit box will 
appear - simply type the name that you are looking for and click on 
Search. 

Tip: If you are not aware of the full name or the correct spelling, then use the 
* symbol. For example, Ti* will select all entries with names starting with 
Ti... 

 

By Space Group Number 

 

To search a database by Space Group number, select the search criteria 
"SG number:" from the drop down list and type the number you are 
looking for (1 to 230) in the adjacent entry box and click on "Search". 

 

Alternatively click on the small button, , and a new edit box will 
appear - simply type the number that you are looking for and click on 
Search. 
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By Space Group Symbol 

 

To search a database by Space Group symbol, select the search criteria 
"SG symbol:" from the drop down list and type the symbol you are 
looking for (e.g. P 4/mmm) in the adjacent entry box and click on 
"Search". 

 

Alternatively click on the small button and a new edit box will appear - 
simply type the symbol that you are looking for, or choose one from the 
drop down list, and click on Search. 

 

Selecting the Phases for EBSP indexing 
Once you have searched a database and have a list of matching phases, you 
need to tell Flamenco to use these for indexing the EBSP. 

In the central panel of the Match Units window, there are 3 buttons for 
selecting match units for indexing: 

 

 
Copy the highlighted phase(s) only and add it to 
the Match Units already selected for indexing 

 
Copy all of the phases and add them to the Match 
Units already selected for indexing 

 
Copy all of the phases and replace the Match Units 
already selected for indexing 

 

There is no limit to the number of phases that can be used for indexing, but 
obviously the greater the number, then the slower the whole phase-ID 
process will become. If you have over 100 matching phases, then it would be 
advisable (but not essential) to try and refine your search criteria before 
indexing the EBSP. 

 

Adjust the Max. number of reflectors to a suitable value before indexing. It is 
dependent on the quality of the EBSP from the unknown phase, but typically 
you may want to use more reflectors (e.g. 75-100) than for normal EBSD 
analysis. Note that increasing the maximum number of reflectors will also 
slow down the indexing process. 
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Identifying the Phase 
 

Once you have performed the search of the database, then it is now necessary 
to collect and index the EBSP in order to identify the unknown phase. 

Proceed through the standard process of acquiring an EBSP as described in 
the chapter: Flamenco - EBSD Acquisition. 

Tip: refine the calibration before doing Phase ID using a known phase in the 
sample (e.g. the matrix). 

 

Tip: for optimum phase-ID, high quality EBSPs are best. Therefore increase 
the running frame averaging on the Argus 20 to sharpen the EBSP quality (a 
value of 16 is usually sufficient). 

 

When you have collected the EBSP, snap it and then detect the bands 
using the cycle control.  

It is wise to adjust the band detection so that you are using a higher 
Hough resolution (e.g. 60) and a greater number of bands (e.g. 7-9) than 
for standard EBSD analysis. If the EBSP has well defined, sharp Kikuchi 
bands, then use the band edge detection.  

It is advisable in the first instance to switch off the Advanced Fit mode. 

Typical settings are shown in the image. 

 

Then click on Index in the cycle control. 

 

Flamenco will now try to index the EBSP using all of the possible match 
units. This may take a few seconds if you have many potential phases. 
When the indexing process is complete, any solutions will be displayed 
in the solutions list on the Property Control Panel. 

If there is more than one solution, then scroll through the different solutions 
and visually check the accuracy of the indexing by viewing the simulations. 
Details of the highlighted phase are listed in the panel below the 3-D 
simulation: 
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Use the curved band edges display and check the widths of bands are correct, 
that double or treble bands are displayed properly and that the general 
correlation between the simulation and the actual EBSP is very good: 

 

Multiple Solutions 
In an ideal scenario there will be one solution which is clearly correct. 
However, there may be several different phases which appear to give a good 
match. In such cases one or more of the following steps may help to identify 
the correct solution: 

1. Check the simulation using more reflectors, by adjusting the number of 
reflectors in the Match Units window. 

2. Refine the database search (e.g. add compositional ranges for individual 
elements). 

3. Return to the band detection step and add some more bands (manually, if 
necessary). 

4. Switch on Advanced Fit (level 3 or 4). Note that if you had many solutions 
(>10) then this may take a long time (e.g. 1 minute). The AFI value 
displayed in the solution list will provide a good estimate of how well the 
simulation matches the EBSP - higher AFI values indicate a better match. 

No Good Solution 
If Flamenco could not index the EBSP, or indexed it incorrectly, then try the 
following: 
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1. Increase the max. number of reflectors in the Match Units window. 

2. Decrease the number of bands used for indexing 

3. Refine the calibration 

4. Widen the database search. 

If Flamenco still cannot correctly index the EBSP, then it is likely that the 
phase is not listed in the database that you are using. 

 

Phase ID – Short cuts in Flamenco 
Flamenco offers the option of performing the Phase ID process with minimal 
user interaction. This applies both to when you already have the chemical 
information and when the system is integrated with an EDS system (e.g. 
Oxford Instruments Inca-Energy, Thermo-Electron System 6, Bruker/PGT 
Spirit or Bruker/Röntec Quantax). In both cases Flamenco should already be 
set up for accurate indexing (e.g. with good calibration and with band 
detection parameters as suggested earlier in this chapter). 

The procedure for Phase ID is outlined in the steps below; 

a) Position beam 

b) Snap EBSP 

c) Acquire chemical information (EDS spectrum) 

d) Transfer identified elements to ‘periodic table’ 

e) Search database(s) 

f) Select phase(s) 

g) Detect bands 

h) Index 

Phase ID without EDS integration 
Below is a description to do ‘Phase-ID’ by going through the steps 
mentioned above. 

Go to Interactive Mode. 

Note:  In this mode you can save the results for each point.  The indexing in 
‘Interactive mode’ allows less deviation than ‘Setup mode’. 

 
On the ‘Frozen SEM image’ tab, switch to spot mode.  

 
The shortcut phase-ID button will now be active. Position the spot on the 
unknown phase or particle and the click on the shortcut phase-ID button.

Note:  Use this button when you already have the chemical information. 
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 Flamenco will display the periodic table in which you should enter the 
elemental composition of the phase (as described earlier in this chapter). 
Then click the "Close and search for Phases" button and Flamenco will 
search the database(s).  The results of the search will be shown in the 
‘Search result’ pane. 

 

Select one of either ‘copy the highlighted item’ or ‘copy all items’ or 
‘replace list of match units by search items’ to transfer phases to the 
‘phases for indexing’ pane. 

 

Then click on the ‘Detect bands’ button or click Enter on the keyboard.  
Check the detected bands and if needed draw manual bands. 

 

Then click on the ‘Index’ button or click Enter on the keyboard. 

 Flamenco will use the phases in the ‘phases for indexing’ pane to index 
the EBSP and display the solution(s). 

Phase ID integrated with EDS 
When Flamenco is integrated with an EDS system, not only can both EBSD 
and EDS softwares be open simultaneously, but Flamenco will activate the 
EDS system too. 

 
The fully automated Phase-ID button on the Frozen SEM image is for 
systems that have Flamenco integrated with an EDS system. In such 
cases, pressing this button will automatically trigger the EDS system to 
acquire chemical data, which will then automatically be used to search 
the database(s) and provide a solution to the EBSP indexing as before. 
Further details are given below. 

Note:  Refer to the next section for additional features of integration with 
Inca-Energy. 

The integrated system has the capability to identify phases using a 2 stage 
procedure; 

1. First acquire chemical data from the EDS system.  In this stage Flamenco 
will go automatically through the steps a) to d) mentioned above to Snap 
EBSP, acquire chemical data from the EDS system and transfer the identified 
elements to the periodic table. 

2. Second search the database(s) and index the EBSP.  In this stage 
Flamenco will wait for user interaction to proceed through each of the steps 
e) to h), as mentioned above. 
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When you switch to spot mode in the Frozen SEM image in ‘Interactive 

mode’, before you click on the fully automated Phase ID button ( ), 
you need to check the settings for the EDS data acquisition. These are 
shown on the property control panel for the Frozen SEM image and 
consist of 3 parameters: 

• Live Time 

• Min. Concentration 

• Uncertainty Threshold 

Note:  For EDS controls for Inca-Energy refer to the next section on 
‘Phase-ID integration with Inca-Energy’.  

The Live time will tell the EDS system how long to acquire a spectrum for 
(excluding the dead time on the system). Somewhere between 10 and 20 
seconds is usually sufficient. 

The Min. Concentration will tell the system what is the minimum allowed 
percentage of any element. 5-10% is a typical value for this. 

The Uncertainty threshold tells Flamenco how large the error margins on the 
quantified EDS data should be. 50% or larger is best for this parameter, 
depending on how well set up the EDS system is for acquiring quantified 
data from highly tilted samples (possible with some shadowing caused by the 
EBSD detector). 

When you start the automated Phase ID process, Flamenco will wait for the 
EDS system to return the chemical information, and will enter these directly 
into the periodic table. However, before proceeding, it is worth checking the 
chemistry, taking into account the following points: 

1. The EDS system may not be set up for quantified data in EBSD 
conditions – therefore allow large error margins on the chemical data. 

2. Light elements may not be detected. Therefore, if you suspect carbides, 
borides, hydrides etc. to be present in your sample, add these to the 
periodic table manually. 

3. Be aware of the limitations of your databases – for example, database 
entries may include minor elements (e.g. rare earth elements), hydrous 
phases (with OH2) or end members of solid solution series. Even in 
steels, databases will often include the Fe end member, rather than 
including the Cr, Mn, Al etc… 

4. Be aware of the difference in spatial resolution of the EBSD and EDS 
techniques – particles < 200nm across may give good EBSPs, but the 
EDS signal will come mainly from the surrounding matrix. 

Tip:  If you click on the ‘Position beam’ button again after band detection 
then Flamenco will snap a new EBSP, when you click on the ‘Index’ button.   
However if you use the keyboard buttons to position the beam, it will not 
snap an new EBSP.  This is useful for finding the correct spot again, in the 
live EBSP window, without effecting the old band detection and snapped 
EBSP. 
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Phase ID integration with INCA-Energy 
The principles of Phase ID integrated with INCAEnergy are similar to the 
points explained in the previous sections.  Additional features are available 
when Channel5 is installed on the same PC as the INCAEnergy EDS system.  
This is also known as INCASynergy. 

Integration is present when Flamenco displayes an additional tab called 
‘EDS spectrum’. 

Note: For full EDS functionality, the INCAEnergy software should be used.  
Flamenco only enables the main INCAEnergy features needed for EBSD-
EDS integration.  

 
Click on the fully automatic Phase ID button to activate the ‘EDS 
spectrum’ window. 

Remember as mentioned in the previous section, when you switch to spot 
mode in the ‘Frozen SEM image’ tab in ‘Interactive mode’, before you 
click on the fully automated Phase ID button, you need to check the 
settings for the ‘EDS controls’ for data acquisition. These are shown on 
the property control panel for the ‘Frozen SEM image’ and ‘EDS 
spectrum’, which consist of the 5 parameters mentioned below. 

 
The following options apply to the EDS spectrum window. 

• Click on the left hand mouse (LHM) button to change the position of 
the cursor.  

• Hold down the LHM button to shift the spectrum and change the 
scale in the y-axis. 

• Hold down the Ctrl+LHM to change the scale in the x-direction. 
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• Click on the right hand mouse (RHM) button to view a pop-up 
menu.  The menu allows you to Reset Scale, Export, Load a 
saved Inca-Energy spectrum.  It also enables Line Draw and 
Smart Peak Labels. 

 

 Flamenco will display the periodic table in which the EDS results are 
dispalyed. Then click the "Close and search for Phases" button and 
Flamenco will search the database(s).  The results of the search will be 
shown in the ‘Search result’ pane. 

 

Select one of either ‘copy the highlighted item’ or ‘copy all items’ or 
‘replace list of match units by search items’ to transfer phases to the 
‘phases for indexing’ pane. 

 

Then click on the ‘Detect bands’ button or click Enter on the keyboard.  
Check the detected bands and if needed draw manual bands. 

 

Then click on the ‘Index’ button or click Enter on the keyboard. 

 Flamenco will use the phases in the ‘phases for indexing’ pane to index 
the EBSP and display the solution(s). 
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Before you start with Phase-ID setup the five parameters for the EDS 
controls. 

• Live time: The Live time will tell the EDS system how long to 
acquire a spectrum for (excluding the dead time on the system). 
Somewhere between 10 and 20 seconds is usually sufficient. 

• Process time:  The user has a choice of process time 1-6 with 
2048 channels.  Depending on the amount of X-ray intensity 
select 1-3 for high sensitivity and 4-6 for high accuracy.  It is 
recommended to use 5 or 6 for  reliable Phase ID. 

• Threshold:  Input the desired threshold cut-off value, where 
elements detected below this value (at.%) will not be allowed.  
Typically use 1%. 

• Minimum Concentration:  Elements detected above this value 
(at.%) will be considered as ‘Elements that must be present’, 
otherwise they will be considered as ‘Elements that could be 
present’.  5-10% is a typical value for this. 

• Uncertainty:  This value is the tolerance shown in atomic 
percentage for every element detected. While searching the 
database(s) from the ‘Quantitative result’,  ±50% or larger is best 
for this parameter, depending on how well the EDS system is  set 
up for acquiring quantified data from highly tilted samples 
(possibly with some shadowing caused by the EBSD detector). 

For example:  If the EDS system  detects elements A and B with settings 
of 1% Threshold, 10% min. conc. and  ±50% Uncertainty, then the 
search in the database(s) for elements A and B will be; 

 You can inspect and refine the EDS results and data base(s) search, 
through the ‘EDS spectrum’ window,  as described below:  

 

The results of the quantification will be displayed in atomic percentage.  
These values are corrected for 70° tilt. 

Note:  The exact quantitative values may not be so useful when searching 
the database(s).  However if you require to get accurate quantitative 
values in the EBSD condition, then use the same working distance as 
used for the EDS calibration. 

You can ignore an element, by selecting a ‘Coating’ element.  This can 
be used for a peak contribution from either surface contamination (i.e. 
Carbon) or matrix contribution during particle analysis. 

Note:   Use the coating element, when the element is actually present in 
the spectrum but you want to intentionally disregard it, otherwise use the 
remove element button. 
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If you wish you can ‘Add’ or ‘Remove’ any element from the list. To 
add an element you can search the element in Alphabetical order or 
Atomic number order. 

Tip:  During searching for elements, the peak positions of the elements 
are displayed on the spectrum.  Sort by ‘Atomic number’ and scroll using 
the up/down keys on the keyboard to run through the list of elements in 
successive atomic number increments to easily find the best match for 
the peak positions on the spectrum. 

The addition or removal of an element can be used when there are 
overlapping peaks and as a result a wrong element may have been 
identified. 

The ‘Run Auto ID’ button will recalculate the ‘Quantitative result’ from 
the spectrum, where the manually added and removed elements are 
ignored. 

 

 

‘Resulting search string’ displays the elements from the combination of 
the quantitative analysis and the boundaries set in the ‘EDS controls’.   

 
Click on this button to transfer the ‘resulting search string’ to the 
periodic table and click on ‘close and search for phases’. 

Then, as mentioned in the previous section, transfer phases to the ‘phases 
for indexing’ pane. 

Then click on ‘detect bands’ and click on ‘Index’. 

Flamenco will use the phases in the ‘phases for indexing’ pane to index 
the EBSP and display the solution(s). 

 
Click this button to automatically select the elements identified in the 
‘quantitative result’ to be used for simultaneous EBSD-EDS mapping. 

Note:  This feature will automatically suggest the best shell (e.g. Kα or 
Lα) for each element. 

For simultaneous EBSD-EDS mapping the ‘EDS controls’ are 
automatically set to default values for, Process time=1 and 1024 channels 
to maximise speed and sensitivity. 

You can acquire an EDS spectrum at any stage, through the EDS spectrum 
window with Inca-Energy integration by using the two buttons described 
below; 

 
Click on the play button to acquire an EDS spectrum. 

Note:  This button will function if the beam is either in spot or scan 
mode. 

 
Click on the stop button to stop acquiring a spectrum, if you do not wish 
the full ‘Live time’ to elapse. 
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Phase ID Report Generator 
 

When you are using Flamenco to identify unknown phases in a sample, you 
are often not interested in saving the phase and orientation data in the usual 
format. 

For this reason Flamenco offers the capability of creating a special report, 
providing information about the unknown grain or particle, the EBSP, the 
indexed solution and the identification of the phase in question. 

The report can be generated whenever Flamenco has successfully indexed an 
EBSP. The report can have 2 titles: 

1. "Phase-ID Report" - this is when the indexed solution is a direct result of a 
database search based on the phase composition. 

2. "Indexing Report" - this is when the match units used for indexing do not 
result directly from a database search, but have either been subsequently 
modified or have been loaded manually. 
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Generating a report 
To generate a report firstly highlight the correct solution from the solutions 
list in the Property Control Panel.  

 
Then either click on the Report button on the Menu bar, , or else 
right mouse click on the solution window and select the "Generate 
Report" option.  

 

Flamenco will then display the automatically generated report. The exact 
nature of this will depend on the set up of your EBSD system, as described 
in the following sections.  

For all systems, the report will fit on 1 page and will show the EBSP, the 
EBSP with the superimposed simulation, the database search criteria (if 
appropriate) and the details of the phase used for indexing. 

Reports with an imaging system 
On systems with an imaging capability, the frozen SEM image will be 
displayed with the EBSP analysis point marked. This results in a report as 
follows: 

 

Note: if no database search has been carried out, or if the resulting match 
units list has been modified, then the report will have the title "Indexing 
Report" and there will be no valid composition information 

 

Reports without an imaging system 
For systems without an imaging system, no SEM image will be displayed in 
the report. Only the composition, the raw and indexed EBSP and the final 
phase details are displayed, as follows: 
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Note: if no database search has been carried out, or if the resulting match 
units list has been modified, then the report will have the title "Indexing 
Report" and there will be no valid composition information 

 

Editing a report 
It is possible to edit some of the features in a report using the report 
generator window.  

 

By default the HKL Logo appears at the top right of the report. However, 
you can add your own company or institution's logo (as a windows 
bitmap) by selecting Edit | Import user logo.. in the report window. 

Then select the logo from the hard disk and clcik on Open. The logo will 
appear at the top left corner of the report. 

To insert the user name and the sample name (and details), select Edit | User 
Name... or Edit | Sample Name... as appropriate. Then type the details into 
the edit box and click on OK: 

 
The user name and sample name will be displayed at the top of the report. 

It is also possible to alter the text style (using the drop down list at the top of 
the report window) and the style of the horizontal lines at the top and bottom 
(using Edit | Line Style...). 
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At any time the report can be refreshed by pressing the Refresh button, and 
you can zoom in or out using the relevant controls: 

 

Printing or saving a report 
Once the report has been generated and edited to your satisfaction, you can 
either print it directly, or save it to file. 

To print the report, click on the Print button ( ) or select File | 
Print. 

The printer properties can be edited by pressing on the Printer Setup button 

( ), or by selecting File | Printer Setup... 

To save the report to file, select File | Save as Metafile... 

Note: the report files can be quite large (e.g. 4 MB) 

Once you have finished saving or printing the report, press on "Close" or 
select File | Close to return to Flamenco. 
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Worked Example of Phase-ID 
 

Here we will show a worked example of how to use Flamenco's Phase-ID 
system. 

The sample is a deformed igneous rock with many different phases. Most of 
the phases can be easily identified using optical microscopy, but there are 1 
or 2 phases that are harder to identify. 

Having loaded the sample into the SEM, and performed a routine calibration 
refinement on a known phase, these steps were followed to identify an 
unknown phase: 

Image the unknown phase 
Using the Imaging mode in Flamenco, the unknown phase was imaged and 
the image was frozen: 

 
The unknown phase is the large grain in the centre of the image. 

Collect chemical information 
Switching to a chemical analysis system, the chemistry of the unknown 
phase was identified. In this case chemical mapping of the area was 
performed (time taken = approx. 1 minute), for the elements Si, Al, Mg, Fe, 
Ti, Ca, Zr and Na: 
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It is clear from this that the unknown phase (in the lower left corner of the 
element maps) contains Zirconium and Silicon. 

A more quanitative EDS analysis showed it to have mostly Zr, Si and O. 
However, Zirconium and Phosphorous have overlapping peaks and can be 
hard to distinguish from one another. Therefore the composition of this 
phase was determined to be: 

Si, O, ±Zr, ±P 

 

Search the database 
Flamenco was switched to Interactive mode, and the Match Units window 
was opened. A geological phase database was selected (American 
Mineralogist) and, using the compositional information (Si, O, ±Zr, ±P), a 
search for these elements plus 1 wildcard was performed: 
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51 phases were found that matched this chemistry, and these were copied 

over to the left hand side of the Match Units window using the  button: 
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Collect and index the EBSP 
On the Frozen SEM image, the beam was positioned on the unknown grain 
and an EBSP was collected (note that background collection, image 
enhancement and calibration had already been performed). 

 

The EBSP was snapped, and bands were detected. As the EBSP was of a 
good quality, up to 10 bands were automatically detected (Hough 
resolution = 60) and Advanced Fit was switched on (level 3) - as shown 
in the property control panel image. 

Similarly, due to the high number of bands detected, the max. number of 
reflectors in the match units window was increased to 80. 

The EBSP was then indexed, which took approximately 8 seconds (note 
that it took 4 seconds without Advanced Fit). 

4 solutions were found by Flamenco: 

 
Note that all 4 solutions have a similar AFI value (Advanced Fit index value) 
and have used all 10 bands for indexing. Scrolling between the solutions 
shows that they all fit the EBSP very closely. 

All 4 phases have the structure ?(SiO4) where ? is Zr for Zircon, Hf for 
Hafnon, U for Coffinite and Th for Thorite. They are all space group 141 
(Tetragonal) and all have similar unit cell dimensions. 

As we know from the chemistry that this phase contains significant 
Zirconium (see the earlier section), we can identify the phase as Zircon. 

 

Print a report 
Having identified the phase, s single click on the report button on the menu 

bar ( ) launches the report generator. The sample name and user details 
were added (Edit | User name...) and the report was printed: 
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Identification of this unknown mineral has now been completed in about 2 
minutes. 

A similar process was used to identify the mineral Apatite in the same area 
(where the element maps showed a concentration of Ca). 
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Flamenco - A Quick Start 

Overview 
This chapter is designed to help users who have not acquired data using 
Flamenco for some time, but do not wish to refer to the detailed chapters 
preceding this one. 

The chapter is designed as a flow chart: simply start at the beginning and 
follow the necessary steps through collecting an image, calibrating the 
system and collecting data. 

Links in the windows help system will take you to the relevant sections in 
the preceding chapters if you need more detailed explanations of any 
procedures. 

 

Abbreviations used in the Flow diagram: 

WD = Working distance 

Acc V = Accelerating voltage 

PCP = Property Control Panel 

 

This chapter is split into 4 sections: 

Starting Up - loading the sample and acquiring an image 

Setting Up for Indexing - acquiring an EBSP, calibrating and indexing 

Interactive data collection 

Automatic data collection 
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Starting Up 
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Setting Up for Indexing 
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Interactive Data Collection 
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Automatic Data Collection 
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Project manager 

Chapter Overview 

Project manager, , is the central part of the CHANNEL 5 software, 
it maintains data and subsets (selected parts of the data, e.g. small grains).  

It displays a list of projects and subsets. If you click on one of the 
subsets, then the other CHANNEL 5 programs will respond and display 
data using that subset. You can also view information about a project. 

Project manager can also be used to define the specimen orientation 
(Virtual chamber) and to create Ideal Orientations, cube or 100 fibre. 

 

This chapter contains the following sections: 

Running Project Manager - user profiles 

The Project Manager toolbar 

Opening a Project 

Attaching to a project - from Tango, Salsa & Mambo 

Record Browser - view EBSP data 

Misorientation Angle Distribution 

Running programs from Project Manager  

The Projects treeview - projects and subsets 

Combining Projects - merging EBSP data 

Project Information and Statistics 

Virtual chamber - specimen orientation 

Ideal Orientation Manager - textures 

Creating Misorientation Data 
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Running Project Manager 
 

Run Project Manager as you would any other Windows program. Click 
on the Windows™ Start button, then select Programs, followed by 
CHANNEL5 and Project Manager. 

 

Alternatively, if there is a shortcut on the desktop, just double click on 
the icon.  

 

If no other CHANNEL 5 programs are running, then the User Profile 
dialog box will appear.  

Simply select a user name or create a new one. 

 

Tip : User Profiles allow several users to maintain their own settings, or 
you can use them to remember settings for different materials. 

Tip : The Delete button allows old or unused profiles to be removed. 

 

The Project manager window will appear: 
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The Project Manager toolbar 

 
The icons in the Project Manager toolbar are: 

 

 Open project - opens a project. 

 
Refresh all clients - updates the other 
CHANNEL5 programs.  

 Refresh - refreshes Project Manager. 

 
Record browser - displays a table of 
EBSP data. 

 Help - displays the on-line help 

 
Inkling - runs Inkling, which offers on-
line help and advice. 

 

Opening a Project 
Select the Project | Open menu item or click on the  button. 

Select a project from the Open Project dialog box.  

You can use the drop-down list at the top to change directory in the usual 
Windows manner. 

Click on the Open button when you have finished. 

 

Note: You can read the older data files (.PRJ) by selecting "V3.1 project 
files" as the file type. 

Attaching to a project 
The CHANNEL 5 programs can attach themselves to an open project. 

 

From Tango, Salsa, or Mambo select the Project | Attach to... menu 
item and, for example, choose the project called ALUMIN. 
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Record Browser 
You can browse your orientation data by clicking on the Record Browser 
button, , see example image below. 

When you click on a particular entry, it will be selected as the new 
Current Record and will be highlighted in the other CHANNEL 5 
programs. 

 

 

Note: For interactive mode projects, an extra Misorientations panel will 
appear at the bottom of the window. See the section called Creating 
Misorientation Data for more information. 
 

 
 

 

A right click on the table gives a pop-up menu that allows you to add the 
data to the current subset or to export the data. 
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Misorientation Angle Distribution 
Note: The grain boundary 
component in Tango also 
produces a correlated 
misorientation distribution 
plot. 

You can look at the distribution of misorientation angles in your data set 
by selecting the View | Misorientation Angle Distribution menu item. 

A Correlated misorientation plot displays the misorientation data 
between neighbouring points in a map. Whereas, an Uncorrelated 
misorientation plot data shows the misorientation between randomly 
chosen points in the data set. 

 

 
The misorientation data and map, above, are from a highly alloyed 
ferritic/martensitic steel, with a strong <111> fibre texture.  

We can see that both the correlated (blue) and the uncorrelated (striped) 
misorientation plots are very different from random and from each other. 
The difference between the uncorrelated and random distributions is 
mainly due to the strong <111> fibre texture. The correlated distribution 
shows a large number of boundaries with misorientations below 15° 
which are not seen in the uncorrelated distribution. Clearly these low 
angle boundaries are a significant feature of this microstructure and not 
simply a product of the strong texture. 

 

You can change the parameters for the misorientation plots as follows: 

 

The misorientation angle distribution window will display data for the 
current project (selected via the Projects treeview). 

Use the controls at the bottom left of the window to set the bin width and 
phase. Click on the >> button to change the bin width. 

 

The controls on the right-hand side of the window allow you to display 
different types of misorientation data: 

 

When Correlated is enabled, the misorientation data between 
neighbouring points in a map are used. You can set the minimum 
misorientation angle via the button to the right of Min. angle.  
Statistical information on the randomness of the data is displayed. 
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For Uncorrelated, the misorientation data between randomly chosen 
points in the data set is displayed. You can set the number of 
misorientations via the button to the right of No. of misorientations. For 
maps, take into account the number of grains in the map when choosing 
the number of misorientations. 
 

 

Select Theoretical random, to display the curve (MacKenzie plot) that 
would be expected from a random set of orientations.  

Tip : To remove the length-dependence of boundary data, select One 
point per boundary to a new subset in Tango. This will improve the 
statistical comparison between correlated and uncorrelated 
misorientations. 

 

Running programs from Project 
Manager 

 

You can run other programs, e.g. Tango, by simply double clicking on 
the relevant icon in the Applications panel. The current project will 
automatically be loaded. 

 

 

If you click on the Applications panel with the right mouse button, a pop-
up menu will appear. 

You can register your own programs by selecting the relevant menu item 
or, just drag the file from Windows explorer to the Applications panel.  

You can also change the size of the icons and arrange them. 

 

The Projects treeview 

 

The Projects treeview is a list of the projects (and their subsets) that are 
currently open. The current project  is shown as an open folder, , the 
other projects are shown as a closed folder, .  

The complete data set (Complete) is shown as ; a subset as . 

You can change the current subset for a project by simply clicking on the 
subset name. Any other programs that are using that project will respond 
and display the selected subset. 

Keep your mouse over an item for information: . 
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If you click on a project name with the right mouse button, a pop-up 
menu will appear. The pop-up menu offers shorcuts to frequently used 
commands, most of which are explained in the following pages. 

 
The menu item Reduce highlighted project... will make a copy of the 
project with the same overall size (in microns), but fewer points. A 
sampling factor of 3 will reduce the number of points by 9, etc.. 

 

Combining Projects 

 

You can combine  two projects by keeping the Control key pressed and 
clicking on the two projects in turn. Two ticks should appear in the 
Project treeview. 

 

 

Click with the right mouse button to produce a pop-up menu. Then select 
the Merge highlighted projects... menu item. 

You will then be prompted for a filename, the combined data will be 
saved to this file.  

 

Project Information and Statistics 

 

You can display a table of information about the current project by 
clicking on the General button. 

 

Click on the Statistics... button for a table of phase statistics. 

You can remove a phase by clicking on the Remove Phase from Project 
button. 

 

Tip: You can access the statistics window by selecting View | Statistics... 
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Subsets panel 

 

The subsets panel allows you create and manipulate subsets. Subsets are 
discussed in more detail in the chapter on Subsets. 

The subset names are displayed in the Projects treeview. The complete 
data set (Complete) is shown as ; a subset as . 

Keep the mouse over a subset to view information, e.g. 
 

Click on a subset to select it - the other programs will respond to the 
change in current subset.  

 
Keep the Shift key pressed and click again to select two subsets. A red 
tick will appear in front of the selected subsets. 

 
Button Function 

 
Adds a new subset to the project - you will be asked for a 
name for the subset.  

 
Deletes the selected subset. 

 
Rename the current subset. 

 
Loads a subset mask (*.SUB) from file. The subset mask 
tells Tango which points are in the the subset. 

 
Save the current subset to a subset mask (*.SUB) or as a 
new project (*.CPR).  

 

Sets all the points in the current subset to a particular 
phase (this phase must be already in the project – therefore 
this will only work on projects with more than 1 phase) 

 
Sets all the points in the current subset to Zero solutions. 

 
Combines the two currently selected subsets. All the 
points in both subsets will be merged in to a new subset. 

 
Combines the two currently selected subsets. Points that 
appear in both subsets will not be included. 

 
Combines the two currently selected subsets. Only points 
that appear in both subsets will be included. 

 
Inverts the current subset. Points that were not in the old 
subset will be in the new and vice versa. 

 

In a map, this will increase the size of a subset by 1 pixel 
in all directions. This is useful for selecting boundary 
zones between different subsets. 

 

Generates a subset based on the EDS counts. The subset 
can be defined by the ratio of counts between two EDS 
windows. 
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Properties panel 

 

The Properties panel gives access to the following: 

CS0->CS1 allows you to set the specimen rolling direction. This is 
explained in the next section on Virtual chamber - specimen orientation.

Sample symmetry - choose from Triclinic, Monoclinic or Orthorhombic. 
Used in Salsa for ODF calculations. 

Maximum indices sets the tolerances for converting directions in to 
rational indices, e.g. [0.572, 0.567, 0.577] to [111]. 
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Virtual chamber - specimen 
orientation 
The virtual chamber is a tool that allows you to describe the orientation 
of your specimen. It displays three of the five CHANNEL coordinate 
systems in a visual way. Most of the time the user doesn't need to know 
about these coordinate systems and the CHANNEL 5 software handles 
the relevant mathematics. The symbols used are: 

The specimen tilt axis is about 
Xm or Ym depending on the 
microscope 

CSm or Xm, Ym, Zm -  microscope (stage) axes 

CSm relates to the microscope axes - usually the stage axes when the 
stage is flat.  

CS0 shows the sample 
processing history, e.g. it was 
rolled in a particular 
direction.  

CS0 or X0, Y0, Z0 - sample primary (sample processing) axes 

CS0 relates to the primary sample axes, e.g. rolling, transverse and 
normal directions.   

An SEM with an Xm tilt axis, 
will have X1 parallel to Xm; 
one with a Ym tilt axis will 
have Y1 parallel to Ym 
Note: At zero specimen tilt, 
CSm and CS1 will be aligned 
with each other. 

CS1 or X1, Y1, Z1 - acquisition surface (measurement) axes 

CS1 relates to the specimen surface as it was placed in the SEM. The 
EBSP data was measured in the X1-Y1 plane, the specimen normal is 
parallel to Z1. For a rectangular specimen, CS1 would be aligned with the 
edges of the specimen if the specimen is aligned with the tilt axis. 

When you hold the specimen in your hand, you can "see" CS1 - it is 
usually the surface and edges of the specimen. Quite often, CS0 (sample 
primary) will be invisible and is an imaginary set of axes within the 
specimen that relates to it processing history. 

Using the Virtual Chamber 

 

The virtual chamber provides a view of the SEM chamber and specimen, 
you view the tilted specimen surface as the EBSP camera would see it. 

The SEM chamber is shown as black lines, the specimen surface (CS1) is 
a yellow/brown block. The sample primary (CS0) is a blue/green block. 
X axes are shown in red, Y in green, Z in blue. 
The rolling direction (parallel to X0) is shown as red arrows. 

You can rotate the chamber by clicking and dragging. The right mouse 
will zoom in and out. Double click to reset the view. 

 

 
First of all, you need to select a specimen tilt axis (usually Xm) and tilt 
angle (usually 70°). 

 etc 
Then adjust the three Euler angles (φ1, Φ, φ2) until the sample primary is 
aligned the way you imagine it should be. 

 
Several presets are given in the drop-down listbox. 

 
If you press the button labelled To Coincidence, the Sample Primary 
(CS0) will be rotated by the three Euler angles in sequence until it is in 
coincidence with the acquisition surface (CS1). 

9.10 • Project manager Oxford Instruments HKL Technology CHANNEL 5 



On some computers, the virtual chamber will not display properly. In 
such cases a small dialog box will pop up without the 3D graphics: 

 
Simply type in the correct CS0 to CS1 transformation, and click on 
Accept. 

Ideal Orientation Manager 
The ideal orientation manager allows you to define and access standard 
orientations or textures, e.g. cube or 001 fibre. 

 

There is a list of Ideal Orientations on the left. When you click on one, 
the relevant data will be displayed on the right of the window. 

For example, the data for the Brass texture is shown below. 

 

Creating an Ideal Orientation 

 
To define a new Ideal Orientation, first click on the Add button. 
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You then need to decide how you will describe the texture: in terms of 
Euler angles, Crystallographic indices or a Fibre axis. 

The parameters for Euler angles are shown in the example above; Fibre 
axis (below, left) and Crystallographic indices are shown below. 

 

 

For Crystallographic indices, you need to enter a plane (HKL) and 
direction <UVW>. 

You can use hexagonal notation where appropriate. 

 

 

For a fibre texture, you need to enter a crystallographic direction 
<UVW> and to indicate which specimen direction this is parallel to. 

If you select Other, you can use alpha and beta to define an arbitray 
direction (see the glossary entry on Specimen directions in terms of 
angles). 

 

You also need to enter a Name for the Ideal Orientation and indicate 
which Laue group it is appropriate for.  

The Basic Colour will be used in Salsa to display a simulation of the 
Ideal Orientation. 

 

Creating Misorientation Data 
You can use Record Browser to create misorientation data from 
interactive mode data. You need to tell Project Manager which pairs of 
measurements go together, e.g. 1 with 2; 2 with 3.. 

 
At the bottom of the Record Browser window there is a narrow panel 
labeled Misorientations, click on the up arrow to expand it. 
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To define pairs of measurements: 

Select a record in the Orientations list, then click on the Select button 
under Measurement A (or double click on the record). Then click on 
another record and press the Select button under Measurement B (or ctrl-
double click on the record). 

Misorientation data (angle and axis) will be displayed on the right. 

Press the Add button to add the misorientation data to the list. 

Click on Save to save the data to file ([project name].MIS). 

To read in a list of grain pairs (in a tab-delimited text file) right mouse 
click on the Misorientations list and select Import grain pairs (either as a 
tab delimited text file or as a *.mis file). Export options to file or to Excel 
are also accessed in this way. 

You can view the misorientation data in Salsa, Mambo, and in the 
Misorientation Angle Distribution function in Project Manager. 

 

 

3-D Crystal Orientation 
This is a feature that allows you to visualise the crystal orientation at any 
measurement point (in relation to the acquisition surface). Click on View 
| 3D Crystal orientation… to open the window. 

The measurement to be displayed can be selected either using Record 
Browser, or in Tango using the Current Record selection tool.  
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The Crystal orientation window also displays the three Euler angles, the 
unit cell dimensions and it has the option of showing the a, b and c axes. 
For trigonal crystals, a choice between a rhombohedral and a hexagonal 
crystal display is possible. 
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Mambo - (inverse) pole figures 

Chapter Overview 

Mambo, , is a program for generating and displaying (inverse) pole figures 
from Electron Backscatter Diffraction (EBSD) orientation and misorientation 
data. 

 

This chapter consists of the following main sections: 

Running Mambo 

Reading EBSP orientation 

Template Manager - design a template for a pole figure sheet 

Pole Figure Sheet Composer - (inverse) pole figures from data  

Creating a Pole Figure - Example 

Pole Plot - Example 

Contouring - Example 

Inverse pole figure - Example 

Misorientation axes - Example 

General Preferences 
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Running Mambo 
 

Run Mambo as you would any other Windows program. Click on the 
Windows™ Start button, then select Programs, followed by CHANNEL5 and 
Mambo. 

 

Alternatively, if there is a shortcut on the desktop, just double click on the icon. 

 

If no other CHANNEL 5 programs are running, then the User Profile dialog box 
will appear.  

Select a user name or create a new one. 

The main Mambo window will appear: 

 
 

Mambo’s toolbar icons 
The functions represented by the icons in Mambo’s toolbar are : 

 

 
Open project - read EBSP data 

 Print - print the current map 

 
Refresh - updates display of data. 

 Create a new pole figure sheet 

 Remove pole figure sheet 

 Subset selection - display subset tools  

 Zoom in - enlarge the current map 

 Zoom out - shrink the current map 

 Zoom factor 

 Magnifying lens - click on a pole figure 
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Measure angle - click on and drag to 
measure angles. 

Reading EBSP orientation  

 

To read EBSD data into Mambo, either press the Open Project icon, , in 
Mambo’s toolbar or select the Project | Open menu item. 

The Open dialog box will appear. 

 

You can change directory, in the normal Windows way by clicking on the 
dropdown listbox next to Look in: 

Click on a file, then click on Open. 

 

Note: To open a PRJ file, click on the dropdown listbox next to Files of type: 
and select V3.1 project files (*.prj). 

Click on your chosen file and press the Open button. Alternatively, you can just 
double click on the file. 

 

 

Then, either the Pole figure sheet window will appear, or the data will be 
displayed using the last pole figure sheet(s) you created. 
(See Restore last pole figure arrangement in General Properties) 

 
 

Template Manager 
A template allows you to define several (inverse) pole figures that will all appear 
on the same sheet, e.g. {100}, {110} and {111}. You can set up templates for 
displaying pole figures for different  materials, e.g. cubic and hexagonal. 

 

 

Templates can be created and examined using Template Manager. 
Tip: Press the F6 key  to display Template manager. 

The Clone button will make a copy of an existing template. 

 

If you click on the Add button, you can create a template containing one of the 
following: 

Pole figures - how plane normals (and crystal directions) are arranged relative to 
the specimen. 

Inverse pole figures - which crystallographic directions align with the specimen 
axes. 

Misorientation axes in sample coordinate system - how the misorientation axes 
are arranged relative to the specimen for a chosen range of misorientation angles. 

Misorientation axes in crystal coordinate system - which crystallographic 
directions the misorientation axes align with for a chosen range of misorientation 
angles. 
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Click on OK and fill in the tabbed pages of Template Properties: 

 

On the General tab, enter a name for the template, e.g. "{100} {110}" and 
choose which coordinate system to use - CS0 or CS1. 
Note: You can define the "Rolling, Transverse, Normal" directions for CS0 using 
the Virtual chamber in Project Manager. 

 

Note: Both hemispheres will 
be displayed in some cases. 

On the Projection tab, you can choose between equal area and stereographic and 
also which hemisphere to display. 

 

On the Items tab, the item format depends on the template type:  

Pole figures: Click on Add and enter either a crystal plane {hkl} or a direction 
<uvw>. Select the Direction button for directions. 
Note: You can use hexagonal notation, e.g. "11-20". 

 

Inverse pole figures : Click on Add and select a specimen direction, e.g. "X", or 
choose "Other" and enter two angles. (see glossary entry on specimen directions 
in terms of angles for details) Tick Folded to use the folded asymmetrical 
pattern unit (APU or "unit triangle"). 

Misorientation axes in sample coordinate system - Click on Add and enter an 
upper and lower misorientation angle. Or you can click on Automatic and 
generate a series of sections. 

Misorientation axes in crystal coordinate system - which crystallographic 
directions the misorientation axes align with for a chosen range of misorientation 
angles. Or you can click on Automatic and generate a series of sections. 

 

 
You can also set the maximum number of items per row for a sheet. This value 
controls how the (inverse) pole figures wrap when there are too many to fit on a 
single line in the sheet. 
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Pole Figure Sheet Composer 

 

Pole Figure Sheet Composer is used to create (inverse) pole figure(s) for a 
particular phase using a template. Templates are created using Template 
Manager (click on the Template Manager button). 

 

First, click on the  button to create a new pole figure sheet.  

Then just drag a template from the list on the right and drop it on to a phase on 
the left, as shown below. 

 
Note: If there is already a template on the phase you want to use, just drag it off 
to the right and it will disappear. 

 

Click on the OK button to apply the template to the pole figure sheet: 
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Creating a Pole Figure - Example 

 

We will create a new template containing {100}, {110} and {111} pole figures 
and use it to display data from the AL_2.CPR example project.  

1) Open the AL_2.CPR project (CHANNEL5\Examples directory). 

2) Click on the  button to create a new pole figure sheet.  

3) Click on the Template Manager... button  

4) Click on the Add button in Template Manager. 

5) Select the Pole figures button and press OK. 

6) Enter "100 110 111" as the template name and select Sample primary (CS0) 
for the coordinate system. 

7) For Projection, choose Equal area and Upper hemisphere. 

 

8) On the Items tab, add the following planes: 100, 110 and 111. 

9) Click on OK. 

 

Note: If there is already a 
template on the phase, just 
drag it off to the right and it 
will disappear. 

10) Drag the new "100 110 111" template from the list on the right on to the 
Aluminium phase on the left: 

 
 

11) Click on OK. The following pole figure sheet will appear: 

 
 

 

Note: You can change the projection plane (X0-Y0 for this example) via the PF 
axis for PCS tab in General Preferences  
Tip: You can access this with Preferences | General... or Control G. 
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Pole Plot - Example 

 

A Pole Plot shows the distribution of poles as a function of the angle away from 
a chosen pole. It is useful for viewing fibre textures. 

If you right click on the sheet, a pop-up menu will appear with the most 
common commands. Select Pole Plot to display a pole plot. 
Note: The pole plot will be for the pole figure that you clicked over. 

 

 

If you right click on the pole plot graph, a pop-menu will appear which gives 
access to, for example, export facilities. 

You can select the Set Min/Max pop-menu item to enter a new range for the 
angle axis. Tip: You can also click on the graph and drag to the right to zoom in. 
Click and drag to the left to reset the graph. 

 

If you click on the Range to subset menu, you can create a subset that contains 
only those points in the current range. This can be used to identify data that 
satisfy a fibre texture. 

For example, to find the points that are within 10° of a 100 fibre texture parallel 
to Z0. 

1) Select Preferences | General... (or Control G) and click on the PF axis for 
PCS tab. Check that the top left button (X0-Y0 plane) is selected. 

2) Create a {100} pole figure. 

3) Click on the View | Pole plot... menu item in Mambo. Choose the {100} pole 
figure. Or, you could right click on the {100} pole figure and select Pole Plot. 

4) Right click on the pole plot graph and select Set Min/Max. 

5) Enter 0 and 10° as the values, then click on OK. 

6) Right click on the pole plot graph and select Range to Subset, enter "100 
fibre" as the new subset name. 

 

7) Project Manager will now have a new subset available and Mambo will 
display the scattered data as follows: 

 
If you run Tango, you will also be able to see which points in the map are close 
to the fibre texture. 

 

Tip: The Tango Texture component can also be used to identify fibre textures 
and other textures.
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Contouring - Example 
Using the pole figures created in "Creating a Pole Figure - example", we will 
now produce contoured versions. These show the strength of the clustering of 
poles, relative to that from a random distribution, i.e. in terms of multiples of 
uniform density (MUD). 

11) Select the Edit | New contouring menu item or click with the right mouse 
button on the sheet and select New Contouring... 

The contouring wizard will appear. 

2) Enter a name for the new contoured pole figures, e.g. "Contouring 1". Note: 
The maximum length of the title is 20 characters. 

3) Enter a value in the Half width edit box, 10° is usually okay. 
Note: The half width value controls how much the pole (plane normal or crystal 
direction) is spread out over the surface of the project sphere. 

 

4) Click on the Clustering tab and select a Cluster size of 5°. 
Note: Clustering speeds up the calculations. It looks at the data and finds 
clusters of the same orientation (e.g. from the same grain) and replaces them by 
a single orientation with an increased weighting. 

 

5) Click on the Data Set tab and select Complete data set. 
Note: You can use Data Set to select a subset from the drop-down listbox. The 
contouring calculations will only use the points in the selected subset. 

6) Click on the Calculate button. .  
The calculation progress will be displayed on the screen.  

A new tab will appear on the Pole figure sheet: 

 

 

If you right click on the sheet, a pop-up menu will appear. Select Contour lines 
to display lines, Colors to display densities.  

Contour manager (Preferences | Contour manager...) can be used to define the 
contour levels and line colours. 

 

Tip: Click on the Scattered Data tab to view the scattered data. 
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Inverse pole figure - Example 

 

For the Inverse pole figure example we will create a new template that contains 
the Z1 specimen direction (specimen normal) and use it to display data from the 
AL_2.CPR example project.  

1) Open the AL_2.CPR project (CHANNEL5\Examples directory). 

2) Click on the  button to create a new pole figure sheet.  

3) Click on the Template Manager... button  

4) Click on the Add button in Template Manager. 

5) Select the Inverse Pole figures button and press OK. 

6) Enter "Specimen normal" as the template name and select Sample section 
(CS1) for the coordinate system. 

7) For Projection, choose Equal area and Upper hemisphere. 

 

8) On the Items tab, click on the Add button and select Z, then OK. 

9) Tick the Folded checkbox. 

10) Click on OK. 

Note: If there is already a 
template on the phase, just 
drag it off to the right and it 
will disappear. 

11) Drag the new "Normal direction" template from the list on the right on to the 
Aluminium phase on the left. 

 
 

12) Click on OK. The following inverse pole figure sheet will appear: 

 

 

13) If you click on the drop-down listbox at the bottom left of the window you 
can select a subset, e.g. the "100 fibre" subset from the Pole Plot example.  

14) If you click on the Measure angle button,  , you can then measure the 
angular spread of the "100 fibre" subset data by clicking on the [001] and 
dragging out to the edge of the subset. 
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Misorientation Axes - Example 
The distribution of Misorientation data can tell us about special boundaries in a 
specimen. The data could come from a map or from manual measurements (See 
Creating Misorientation Data in Project Manager). 

In the following example, we will show how to display misorientation axes in 
the Crystal coordinate system. You can easily apply this example to the Sample 
Coordinate system to see if the misorientation axes align with any sample 
directions. 

Note: Misorientation axes in Sample coordinate system is very similar, but it 
shows how the axes are aligned relative to the specimen. 

 
Lots of CSL boundaries: 
 sigma 3 (red, 60° <111>), 
9 (purple, 39° <110>),  
11 (yellow, 51° <110>),  
5 (green 37° <100>),  
7 (blue 38° <111>) 

We will create a new template that show the misorientation axes in terms of the 
crystal coordinate system for misorientation angles near 60 & 38°.  

We will use it to show that the example project, NICKEL.CPR, contains a large 
number of CSL boundaries, mainly sigma 3.  

1) Open the NICKEL.CPR project (CHANNEL4\Examples directory). 

2) Click on the  button to create a new pole figure sheet.  

3) Click on the Template Manager... button  

4) Click on the Add button in Template Manager. 

5) Select the Mis. axes in crystal coord. button and press OK. 

6) Enter "CSL sigma 3, 5, 7, 9" as the template name. 

7) For Projection, choose Equal area and Upper hemisphere. 

8) Click on the Items tab, click the Add button and enter 35 and 42 as the  
minimum and maximum misorientation angles for the section. Click OK. 

9) click the Add button again and enter 57 and 63°. Click on OK. 
Your item list should look as follows: 

 
10) Click on OK to finish defining the template. 

11) Drag the new "CSL sigma 3, 5, 7, 9" template from the list on the right on to 
the Aluminium phase on the left: 

12) Click on OK. The following pole figure sheet will appear: 

 
You can easily see the sigma 3 clusters around [111] in the 57-63° section and 
the sigma 9 cluster about the [101] in the 35-42°. 
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Note: The dotted and solid lines in the 57-63° section mark a "forbidden region" 
where the misorientation data cannot exist if it is to have the lowest 
misorientation angle possible.  

Note: The contouring of rotation axes in crystal coordinates does not take into 
account the non-uniform random distribution of axes at higher misorientation 
angles (although the "forbidden zone limits" are accounted for). This may lead to 
some unexpectedly high density values, and care should be taken during 
interpretation.  

General Preferences 
The general preferences tabbed dialog box is used to alter various settings that 
affect the display of data in all maps, e.g. Zero Solutions and Subsets. 

To access the General preferences dialog box, click on the Preferences | 
General... menu item in Mambo. 
Tip: The keyboard shortcut for General Preferences is Control-G. 

A tabbed dialog box will appear: 

 
 

 
Put a tick in the Show four digits indices checkbox to display planes and indices 
using hexagonal notation, e.g. [0001]. 
Note: You can use hexagonal notation for entering planes and directions. 

 

 

General tab 

 

If Automatic Updating is Active (ticked), then Mambo will respond to changes 
in the current subset (from Project manager) and colouring scheme (from 
Tango).  

 

You can change the system colours, Background (for graphics) and Current 
record by selecting a new colour from the dropdown list. Select User Defined to 
choose from a wider palette of colours. 

If Blinking is enabled (ticked), then the current record will be shown as a 
blinking red square. 

 

If Restore last pole figure arrangement is checked, then, when Mambo is closed, 
it will store the sequence of maps and recreate them when it next runs. 

 

Subsets tab 

 

You can select a colour for the subset data by clicking on the Subset colour 
dropdown listbox. This will be used for displaying map data when Subset Color 
is selected in the Pixel transformation group below. 

When Hide anti-subset is ticked, the anti-subset (those points not in the current 
subset) will be hidden, as shown below on the right. 

Oxford Instruments HKL Technology CHANNEL 5 Mambo - (inverse) pole figures • 10.11 



Note: Hide anti-subset is also available on the pop-up menu in the Mapping 
window - just right click 

 

 

You can also change the way that the subset (and anti-subset) are displayed. By 
default, the subset us not changed (No transformation) and the anti-subset is 
lightened (Tone up) 

The examples below show the effects of the pixel transformations on a small 
map. A central circle is not changed for reference. 

 

 
No transformation 

 
Tone Up - points lightened 

 
Tone Down- points darkened 

 
Invert color 

 
Blue shadows 

 
Gray level 

 
Background color 

 
Subset color - see beginning of this section  

Note: For this example, the colouring is from Tango's All Euler map component, 
but other colourings can be used, see the Display tab for more information. 

 

Labels tab 
You can enter the labels for the X0, Y0, Z0, X1, Y1 and Z1 axes and choose the 
fonts for drawing them with. 

Note: You can define the "Rolling, Transverse, Normal" directions for CS0 using 
the Virtual chamber in Project Manager. 

 

PF axis for PCS 
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To change the projection plane for the pole figures, simply click on the relevant 
button. 

 

Display tab 

 

The symbols groupbox allows you to change the size of the symbols (Small, 
Medium, Large) and the colour scheme used (Active Map or Always Black).  

When Color is set to Active Map, the points will be displayed in the colour that 
they have in the current map in Tango. 

 

You can choose to display the densities via either a Rainbow or Gray Scale 
scheme 

 

 

Export 
 

 

With the right click on the sheet, a pop-up menu is displayed where the Export 
menu allows you to export the pole figures to the printer, a file or to clipboard. 
There are also the options to export either single or all pole figures to a Word or 
a PowerPoint document (please see further details under the chapter Export in 
Tango). 
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Tango - mapping 

Chapter Overview 

Tango, , is a software tool for generating, displaying and measuring a wide 
variety of maps from Electron Backscatter Diffraction (EBSD) data, e.g. 
orientation, grain boundary, phase, pattern quality. Tango also has tools for 
automatic grain size measurement and subset creation. 

 

This chapter consists of the following main sections: 

Running Tango 

Reading EBSP orientation data 

The Mapping window - display maps 

Map Component types - building blocks for maps 

Map composer - design your own map 

Creating a new Map Component 

Properties for Component - review map component settings 

Grid components - e.g. band contrast, orientation, texture 

Boundary components - e.g. grain boundaries, CSL 

Grain Components - e.g. grain size 

The Legend - the key to a map 

Creating a band contrast and zero solution map - example 

Noise reduction – Standard and Kuwahara filters 

Creating an orientation map - worked example 

Misorientation profile -changes in orientation along a line 

Line intercept measurements - grain size measurement 

Grain Area Determination example - grain size measurement 

Filling grains with their average orientation 

Removing pseudosymmetric misindexings - worked example 

General preferences - general settings for Tango 
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Running Tango 
 

Run Tango as you would any other Windows program. Click on the Windows™ 
Start button, then select Programs, followed by CHANNEL5 and Tango. 

 
Alternatively, if there is a shortcut on the desktop, just double click on the icon. 

 

If no other CHANNEL5 programs are running, then the User Profile dialog box 
will appear.  

Select a user name or create a new one. 

The main Tango window will appear : 
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Tango’s toolbar icons 

 

The icons in the Tango toolbar are: 

 

 
Open project - read EBSP data 

 Print - print the current map 

 
Refresh - updates display of data. 

 Create a new map 

 Remove map - delete the current map 

 
Legend - the legend displays information 
about the current map, e.g. colouring 

 
Map properties - use Map composer to edit 
the components in a map 

 Subset selection - display subset tools  

 Zoom in - enlarge the current map 

 Zoom out - shrink the current map 

 Zoom factor 

 
Magnification glass - zoom in on a small 
region of the map 

 
Current record - information about a 
selected point, marked with a cross. 

 
Misorientation profile - display changes in 
orientation along a line 

 
Grain click - display information about a 
measured grain 

 
Help - displays the on-line help 

 
Inkling - runs Inkling, which offers on-line 
help and advice. 
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Reading EBSP orientation data 

 

To read, EBSD data into Tango, either, press the Open Project icon, , in 
Tango’s toolbar, or select the Project | Open menu item. 

The Open dialog box will appear. 

 

You can change directory, in the normal Windows way, by clicking on the 
dropdown listbox next to Look in: 

Click on a file, then click on Open. 

 

Note: To open a PRJ file, click on the dropdown listbox next to Files of type: 
and select V3.1 project files (*.prj). 

Click on your chosen file and press the Open button. Alternatively, you can just 
double click on the file. 

 

The, either the Map Composer window will appear, or the data will be displayed 
using the last map you created. 
(See Restore last map arrangement, in General Properties, for details)  

Worked examples - Aluminium 

 

There are two aluminium data sets in the Examples directory (usually 
C:\CHANNEL5\Examples).: 
ALUMIN.CPR and AL_2.CPR. 

The ALUMIN.CPR file contains map data from a deformed aluminium 
specimen. Most of the grains are fully recrystallised, but there is a deformed 
region at the bottom right of the map. 

AL_2.CPR is a smaller map, with a [100] fibre texture. 
 

How a map is constructed 
Maps are built up layer-by-layer using map components that are configured by 
the user. Some components are partially transparent and allow others to be seen 
through them. The boundary components are drawn last. 

An Aluminium example is given below; the map is made up of EBSD quality, 
grain boundary and grain size components. 
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The Mapping window 
The mapping window is used to display a map, it can contain many maps which 
can be accessed using the tabs at the top of the window. 

 

You can create a map by click on the New map button, , or by selecting the 
Edit | New Map... menu item. 

Tip: You can reorder the tabs by clicking and dragging. 

 
 

You can change how the map responds to left mouse clicks by selecting one of 
the buttons in Tango's toolbar as shown below. You can also set the click mode 
via the View | Click mode menu. 

 

 
Magnification glass - zoom in on a small 
region of the map. Click to zoom in; press 
shift and/or control for extra zoom. 

 
Current record - display information about a 
specific point in the map, marked with a 
cross. 

 
Misorientation profile - display changes in 
orientation along a line. Click and drag to 
define the line. 

 
Grain click - highlight a reconstructed grain 
in green. Incomplete grains (that touch the 
map edges) are shown in red. 

 

 

A right mouse click on the map will display a pop-up menu with commonly 
used functions. 
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Map Component types 
There are three main types of map components: 

 

Component type Comments 

 
Grid components - these correspond to measurements 
made at a specific grid point, e.g. orientation, phase. 

 

Boundary components - these display differences 
between adjacent grid points, e.g. grain or phase 
boundaries. 

 

Grain components - these are for displaying grain 
reconstruction information, e.g. large grains in red, 
small in blue. 

 

 

Component libraries 

 

Tango uses a Component library to store the default settings for your palette of 
components. You can have several libraries, if you wish, each one could be 
setup for a particular type of material or experiment. 

A library can be loaded from file (.CMP) by selecting the Components | 
Load Library... menu. Select Save Library or Save Library As... to save the 
current library to a file. 

You can use Component manager to view your current library by selecting the 
Components | Component Manager... menu or pressing the F6 key. 

Note: All the functionality of Component Manager is now also available in Map 
composer.  
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Map composer 

 

Map Composer allows you to create your own maps using a palette of 
components which you can mix and combine in a wide variety of ways.  

You associate a map component with a particular phase (or All Phases) by 
dragging it from the component list on the right to the phase list on the left. 

 

 

 Map composer is displayed when you create a new map (Edit | New map...) or 
edit the properties of an existing map (Edit | Map properties...) 

 
If you click on the Map Name button, Tango will create a name for the map 
based on the components in it. 

 

Note: Double clicking on Grid Components, Boundary Components or Grain 
Components will hide/reveal the components in that group. 

Semi-Transparency in Maps 

 
Semi-Transparency is a new feature in Map composer that allows the map 
components to partially show through each other.  

For example, with a two-phase material, you can mix an Euler1 (or Band 
Contrast) component with a red and a blue Phase component to give a map that 
shows both phase and grain structure. 
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Creating a new Map Component 

 

The easiest way to create a new map component is to access Map composer, 
then right click on an existing component and select the Add... menu. 

Alternatively, you can use Component manager (press F6) and click on the 
Add... button. 

You then need to choose a component from one of the tabbed pages 

 
and click on OK. 

 

 

The Properties for Component dialog box will appear. It consists of several 
tabbed pages with properties that you can alter for that particular component. 

Click on OK when you have finished. 

 

The components (and their tabbed property pages) are explained in more detail 
in the following sections: 

 

 

 

Properties for Component 

 

You can view the properties for a particular component by first selecting it in 
Map Composer, then right clicking and selecting Properties from the pop-up 
menu. 

Or, you can right click on a component in the Legend and select the 
Properties... menu item. 

A dialog box will appear with tabbed pages, for example: 

 
The tabs will change, depending on the component, but the following three 
tabbed pages are common: 

Note: The other tabs are explained in the following sections under the relevant 
component. 
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General tab 

 

The General tab allows you to set the general properties for a component. 

Enter a long and short name for the component, e.g. Band contrast, BC 

Some components will also allow you to set the display limits for the data - this 
will affect how it is displayed as a colour or in a graph. 

Theoretical will use the expected limits, for Euler angle 1 (phi1) this would be 
0-360°. Experimental will use the observed minimum and maximum values 
from the real data. User defined allows you to enter your own limits. 

Color Scheme tab 

 

The Color Scheme tab allows you to define what colours your component will 
use. 

 Constant will produce a single colour, e.g. grey. 

 Linear goes from black to white via your chosen colour. 

 Center goes from white to white via your chosen colour. 

 Melange goes between two chosen colours. 

 Rainbow uses a rainbow colour scheme. 

Select the colours from the drop-down list (User defined is at the end) and use 
Invert and the Middle slider to adjust the scheme. 

Histograms tab 

 

The Histograms tab controls how data is displayed in a histogram. 

Class width controls the bin size. Check Accumulated if you want an 
accumulated histogram. 

The frequencies can be displayed as follows: Normalised - the area under the 
histogram is 1; Percent - the histogram bars add up to 100%; Occurencies - the 
number of data points that are in a particular bin 
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Grid components 
Grid components correspond to measurements that were made at a specific grid 
point, e.g. orientation, phase, EBSP quality. 

 
 

 

Band contrast and Band slope components 
Property tabs: General tab, Color Scheme tab, Histogram tab. 

 

Band Contrast and Band Slope (BC & BS) are EBSP quality numbers, the 
higher the value, the better the EBSP quality. Deformed regions and grain 
boundaries usually have a low Band Contrast value. 

 
Note: Band slope is only 
available when EBSP 
indexing used band edges. 

You would normally associate Band Contrast (or Slope) with All Phases as data 
is available even if the EBSP could not be indexed. 
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Pattern Misfit component 
Property tabs: General tab, Color Scheme tab, Histogram tab. 

 

Pattern Misfit (Mean angular deviation, MAD) is a measure of how well the 
Kikuchi bands in the simulated EBSP match the measured positions. A low 
value indicates that the simulation is a good match. 

 

 

Euler 1, 2 or 3 components 
Property tabs: General tab, Color Scheme tab, Histogram tab. 

Related component: All Euler component 

 

The Euler 1, 2 or 3 components can be used to show changes in orientation 
via the three Euler angles (phi1, Phi, phi2).  

  

  
Wrap-around:in the central 
grain,  phi2 changes from 0° 
to the equivalent 90° 

Note: Because of the way that Euler angles are defined, they have wrap-around 
problems near their limits. This can produce sudden changes of colour that do 
not correspond to large changes in orientation.  

 

 

All Euler component 
Property tabs: General tab, Color Scheme tab. 

Related component: Euler 1, 2 or 3 components 

 

The All Euler component can be used to create orientation maps where different 
orientations are displayed in different colours. 

 
Note: Like the Euler 1 component, All Euler also has wrap-around problems 
when an Euler angle approaches its limits. 
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Phase component 
Property tabs: General tab, Color Scheme tab. 

Related component: Phase boundaries component 

 

Phase components (e.g. Phase-RED, Phase-BLUE) are useful for showing the 
distribution of phases within a map. An example is given below for a steel 
containing b.c.c. and f.c.c. iron phases. 

 

 
You can select the basic colour for the phase via the Colour scheme tab in the 
Properties for Component dialog box. 

 

 

Texture component 
Property tabs: General tab, Color Scheme tab, Ideal Orientation tab, 
Histogram tab. 

 

The texture component allows you to highlight data that have a particular 
texture. You can choose a colour scheme that reflects how close the data is to 
this texture. Note: You can use hexagonal notation. 

The texture can be defined in one of three ways: 
Euler angles For example, Goss (0°, 45°, 90°) 
Crystallographic indices (100) [-110]  
Fibre texture <100> fibre parallel to rolling direction 

 

 

The Ideal Orientation tab in the Properties for Component dialog box allows 
you to define your texture. 

You need to choose an appropriate Sample coordinate system: 
Use Primary (CS0) for the Rolling, Transverse and Normal directions;  
and Acquisition (CS1) for the specimen surface.  

Note: You can define the rolling direction... using Project Manager, see the 
section called Virtual chamber. 

 

 

Enter a maximum deviation angle in the relevant edit box.  

Points that deviate from the texture by more than this angle will not be shown, 
i.e. they will appear as transparent. 
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You can load a texture from the library of standard textures by clicking on the 
drop-down list at the bottom right. 

It is easy to add your own textures to the library, see the section in Project 
Manager on Ideal Orientation Manager. 

 

 

Select the type of texture by clicking on one of the radio buttons in the 
Description method panel.  

Euler angles, enter the relevant angles in the edit boxes. 

Crystallographic indices, enter a plane and direction.  

 

Fibre texture, enter a fibre axis, e.g. <100> or <0001>, and a direction that it is 
parallel to, e.g. X. If you click on Other, you can define any specimen direction 
using the two angles. See the glossary entry on Directions in terms of angles. 

 
 

 

Schmid factor component 
Property tabs: General tab, Color Scheme tab, Slip System tab, 
Histogram tab. 

Related component: Taylor factor component 

 

The Schmid factor gives an indication of how easy it is for slip to occur for a 
particular slip system. The Schmid factor is calculated for the orientation at each 
point and the data displayed as a colour in the map. 

 

The Slip System tab allows you define the slip system and load direction. 

Enter a slip plane and direction in the two edit boxes.  

You can define the load direction as being parallel to either the X, Y or Z  
direction. Or, you can select Other and define the direction using two angles 
(see Glossary entry on Directions in terms of angles). 

 

  

Hint: If you select Current Record mode, , and click on a point the Schmid 
factor data will be displayed to the right of the map. 
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Taylor factor component 
Property tabs: General tab, Color Scheme tab, DLL specification, 
Histogram tab. 

Related component: Schmid factor component 

 

The Taylor factor component calculates the Taylor factor for cubic sample 
symmetry and for uniaxial load parallel to the X (Y or Z) direction of your 
acquisition surface.  

The assistance of 
Dr. Wolfgang Tirschler, 
Dr Cesar Buque, and 
Prof. Werner Skrotzky is 
gratefully acknowledged. 

The Taylor factor component has been jointly developed with TU Dresden, 
Institut für Physikalische Metallkunde, Germany. 

 

 

 Hint: If you select Current Record mode, , and click on a point, the Taylor 
factor will be displayed to the right of the map. 

 

 

Open Map Component 
Property tabs: General tab, Color Scheme tab, DLL specification tab, 
Histogram tab. 

 

The Open Map component allows you to create any type of map that you wish. 
It gives you full access to the orientation and grain data via a Windows Dynamic 
Link Library (DLL). The DLL returns either a value or a colour. 

For sample DLL code see the Open map components chapter.  

 

 

The DLL specification tab in the Properties for Component dialog box, allows 
you to specify the name of a DLL. 

Press the Test Run button to check that the DLL works successfully. 

 
 

 Hint: The returned value (or colour) will be displayed when you click on the 
map in Current Record mode. 
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Recrystallized Fraction component 
Property tabs: General tab, Color Scheme tab. 

 

The Recrystallized Fraction component will detect deformed and recrystallized 
grains in your map.  

Fully recrystallized grains are shown in blue, deformed regions in red and 
substructured (recrystallised with subgrains) grains in yellow. 

 
 

 
Tip: It is often useful to display Recrystallized Fraction with Band contrast or 
Euler1 and to switch on Semi-Transparency. 

 
 

The following steps are followed by Tango during the evaluation of deformed, 
substructured and recrystallized fractions: 

1. First the Tango does a grain reconstruction (using the user defined parameters 
in the grain area determination window).  

2. Then it takes each grain and measures the internal average misorientation 
angle within the grain.  

3. If the average angle in a grain exceeds the user-defined minimum angle to 
define a subgrain, (θc), the grain is classified as being "deformed".  

4. Some grains consist of subgrains whose internal misorientation is under θc but 
the misorientation from subgrain to subgrain is above θc. In that case the grain is 
classed as "substructured".  

5. All the remaining grains are classified as recrystallized. 
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EDS Counts Component 
Property tabs: General tab, Color Scheme tab, EDS Channels tab and 
Histograms tab. 

 

The EDS Counts component allows you to display chemical information in the 
form of element maps. This only applies to systems that have an integrated 
EBSD-EDS mapping capability, allowing Flamenco to acquire chemical data at 
the same time as crystallographic data. Refer to the advanced acquisition chapter
for further details on how to set up EDS mapping in Flamenco. 

The intensity of the colours will correspond to the abundance of each particular 
element, as determined by the EDS mapping. 

 

To select a particular element, you should select one of the EDS windows, as 
specified under the tab "EDS Channels". This will list the available elements 
(i.e. those that you selected when setting up the map in Flamenco). 

Simply click on the desired element and press OK – Tango will automatically 
assign the element with a colour, and will scale the colour scheme to fit the 
variation in counts. 

 

When adding the component to the map using Map Composer, add it to "All 
Phases", as there will be EDS information from all points, not just those indexed 
as a particular phase: 

 

 

Tip: Sometimes you can alter the colour scheme to highlight changes in the 
counts of individual elements. For example, changing to a linear colour scheme, 
with the colours inverted, can result in more intense colours, especially if you 
vary the colours using the slider. 
 
Note: Subset selection is not activated in the EDS legend. You need to use the 
EDS tool in the subset section in Project Manager to create a subset based on 
EDS data, see Chapter ‘Subsets’ section “Using EDS Counts to create subsets”. 
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Cubic Rodrigues-Frank orientation component 
The Cubic Rodrigues-Frank component produces a colouring scheme that 
reflects the orientation at a point in a map relative to a reference orientation. The 
main advantage of the RF colouring scheme is that the space is easily related 
back to the specimen axes (or other reference axes). The Rodrigues-Frank 
vector, R, is calculated from the angle/axis pair, θ [uvw], that represent the 
misorientation between our chosen orientation and the reference orientation. 

 

R = tan(θ/2).[u v w].    Note: The axis should be a unit vector. 

 

The RF vector is converted to a colour by mapping its three values on to the 
three RGB colours (red, green and blue). Small rotations angles give colours that 
are close to black; for larger rotations, the colour indicates the rotation axis. 

For example, if we choose our reference orientation with Euler angles of (0,0,0) 
in CS1 (the acquisition surface), then the following orientations give these 
colours: 

Example Euler 
angles 

Angle / axis Colour Comments 

 

0, 0, 0 0° <000> Black 
Cube 
orientation is 
black 

 

0, 45, 0 45° <100> Red 
Rotation of 
45° about the 
X-axis.  

 

90, 45, -90 45° <010> Green 
Rotation of 
45° about the 
Y-axis.  

 

45,0,0 45° <001> Blue 
Rotation of 
45° about the 
Z-axis.  
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 In order to display this component, select it in the map composer (you may have 
to add it to your component library from the component gallery) and drag it over 
to the relevant phase in the map. Double click on the component to edit the 
properties: 

 
Type in the reference orientation (or fill from current record if you have selected 
a point in the map) and press OK to calculate. 

 

Note: Selecting cyclical colours will highlight small orientation changes within 
individual grains. 

Note: as the name implies, this component currently only works for cubic 
phases. 

Inverse Pole Figure Component 
The inverse pole figure component allows the crystallographic orientations to be 
quickly interpreted in terms of the sample coordinate system (e.g. the rolling 
direction). 

To display the IPF colouring scheme, drag the component from the component 
library to the relevant phase in the map (you may have to add it to your 
component library from the component gallery). Double clicking on the 
component allows you to edit the settings, and to choose which sample direction 
you wish to use: 
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Press OK to accept the settings. Below is a map using the sample Y direction 
(rolling direction in this map) to display orientations in a deformed intermetallic 
sample: 

 
The green/turquoise colours represent those points with the <100> parallel to the 
rolling direction. 

Note: This component works on all crystal systems except for Triclinic. 
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Local Misorientation Component 
This component is for displaying small orientation changes on the map, 
highlighting regions of higher deformation. The component calculates the 
average misorientation between every pixel and its surrounding pixels, and 
assigns the mean value to that pixel. Misorientations over a certain value are 
discarded, so that the misorientations associated with discrete subgrain and grain 
boundaries are excluded. 

To display the local misorientation, drag the component from the component 
library to the relevant phase in the map (you may have to add it to your 
component library from the component gallery). Double clicking on the 
component allows you to edit the settings – choosing the tsLocalMisori tab 
allows you to change the calculation settings: 

 
Increasing the filter size will produce a smoother misorientation map, decreasing 
it will highlight more local variations.  

Select the Color Scheme tab to edit the display settings for the component. The 
rainbow colour scheme generally highlights the misorientations very well. 
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Misorientation map of a deformed intermetallic using a 5x5 filter size, with the 
legend shown to the left. 

Note: This component can take a long time to calculate for large maps 

 

 

Boundary components 
Boundary components correspond to measurements between grid points, e.g. 
grain boundaries, phase boundaries. 
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Grain Boundaries component 
Property tabs: General tab, Line Specification tab, Histogram tab. 

 

The Grain Boundaries component provides a flexible way of displaying grain 
boundaries based on misorientation angle.  

 

Tip:  Set the ‘pen style’ to clear for a specific misorientation angle, then 
boundaries will not show above the specific misorientation angle. 

The Line Specification tab allows you to define how Tango should draw the 
grain boundaries. 

The list of Boundaries (on the left) contains the angles at which the pen colour 
will change. Use the Add and Delete buttons to edit this list. 

When a boundary is selected (highlighted) in the Boundary list, you can define 
the pen style with Pen Settings panel on the right. 

 Interpolate pens is a new feature that interpolates the pen styles between all 
successive entries in the Boundaries list. 

 

The first example, below, has two entries in the Boundaries list: 
2° pen color=silver and 10° black (interpolate pens off, pen width=1).  

  
This highlights subgrains (2-10°) in grey and shows grain boundaries (>10°) in 
black. 

 
 

Note: Silver has been used 
twice to make all the subgrain 
boundaries the same colour. 

In the second example, interpolate pens is used to create a map that shows 
misorientation angle. There are four entries in the Boundaries list: 
2° silver, 9.9° silver, 10° aqua, 63° navy blue (interpolate pens ON).  

This highlights subgrains (2-10°) in light grey and shows high angle boundaries 
(>10°) in shades of blue based on misorientation angle. 
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Tip: The Legend shows the distribution of grain boundary angles and the current 
boundary colouring scheme.  

You can set the Minimum angle to define a grain boundary by clicking on the 
Global data tab in General preferences (Preferences | General...)  This setting 
can be very useful for filtering out orientation noise as it defines the lower limit 
for misorientation angle plots. 

 

Phase Boundaries component 
Property tabs: General tab, Line Specification tab 

Related component: Phase component, Interphase boundaries 

 

The Phase Boundaries component will draw a line around the different phases 
in a map. The pen style can be set in the Line Specification tab. 

Note: Phase Boundaries can only be used with All Phases. 

 
 

 

Special Boundaries component 
Property tabs: General tab, Line Specification tab 

Related component: CSL Boundaries component 

 

The Special Boundaries component allows you to highlight special boundaries 
in terms of a misorientation axis and angle, e.g. <111> 60°. 

 

You can define your special boundary in the Line specification tab. 

In the Misorientation panel (left), you can enter an ideal axis and an ideal angle, 
along with a maximum deviation from each. 

Choose a line style from the Pen Settings panel on the right. 
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CSL Boundaries component 
Property tabs: General tab, CSL boundaries tab 

Related component: Special Boundaries component 

 

The CSL Boundaries component allows you to highlight CSL boundaries. A 
library of CSLs for cubic materials is provided, you easily add your own 
definitions and extend the library. 

 

The CSL boundaries tab allows you to highlight boundaries that satisfy the 
Coincidence Site Lattice criteria. 

You can load a text file with CSL definitions by clicking on the Browse button. 

 

Put a check in the Show column of the CSL list to display a particular CSL 
boundary.  

You can edit the Deviation parameter manually or press the Deviation button to 
use one of the pre-defined formulae. 

Double click on the line in the Pen column to change the line style. 

 

 
 

 

Tip: The Legend shows the distribution of CSLs.  
If you click on a bar, the value will be displayed under the graph.  
Alternatively, for a larger version of the bar chart, right click on the legend entry 
and select Zoom histogram from the pop-up menu. 

 

Note: The values are percentages of the total boundary length for those 
boundaries with a misorientation angle above a critical value.  

 

You can set the Minimum angle to define a grain boundary by clicking on the 
Global data tab in General preferences (Preferences | General...)   
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Misorientation Axis Component 
Note: HKL would like to 
thank Dr Matthew Barnett 
and Dr Mark Nave (Deakin 
University, Australia), for 
their help with this 
component. 

This component is designed to highlight boundaries that have specific 
misorientation rotation axes in the sample coordinate system. For example, it 
can show if many of the boundaries have rotations about axes close to the 
normal direction. 

In the Map Composer, double click on the Misorientation Axis component to 
view and edit its properties. The boundary misorientation angle range can be 
edited on the Misorientation axis tab: 

 
An example map is shown here – this is an experimentally deformed halite 
sample with the 2-20 degree boundaries showing a preferred rotation axis 
orientation perpendicular to the map Y direction (i.e. marked by abundance of 
the red and blue lines): 
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Younger Boundary Component 
HKL would like to 
acknowledge the technical 
input from scientists of 
BaoSteel Iron and Steel 
Company in China, during the 
creation of this component. 

This component has been designed specifically to compare the relative 
frequency of 2 types of grain boundary, based on their rotation axes in crystal 
coordinate systems. 

For example, use the component to see how many grain boundaries have rotation 
axes within 5° of <100> compared to those with axes around <111>. The default 
minimum misorientation angle is 5°. 

In order to adjust the boundary settings, double click on the Younger icon in the 
map composer window and select the "Younger" tab. You then need to define 2 
misorientation axes and tolerances (i.e. the permitted deviation from the ideal), 
and give each one a colour: 

 

 

After pressing OK and dragging the component to the relevant phase, the map 
will be displayed. In the legend, the relative proportion of the 2 boundary types 
will be displayed – this is referred to as the "BaoFactor". Clicking on an 
individual bar in the legend will also give its absolute frequency as a percentage 
of all boundaries in the map. 

 

 

 

 

 

 

Interphase Boundary Components 
Interphase boundary components are used to display phase boundaries with 
known relationships, e.g. lattice correlation and orientation relationship. 
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Lattice Correlation boundaries 

 

This component has been designed to display phase boundaries, where a specific 
pair of family of planes or directions are parallel between two phases.  The 
lattice correlation component allows a freedom of rotation about the axes, which 
are parallel in both phases.  Therefore there is a ‘partial relationship’ between 
the two phases. 

The relationships are expressed as the parallel conditions between two phases A 
and B, where {hkl}A || {hkl}B or <uvw>A || <uvw>B.   

 

Drag the Lattice Correlation Boundaries component into the Interphase in the 
Components in map pane.  You can also use other suitable components to build 
the desired map, such as the band contrast and phase components. 

 Then select the Lattice Correlation tab in the Properties and type the parallel 
planes {hkl} or directions <uvw>.  You can use the Line Specification tab to add 
angle of deviation from the specified lattice correlation and define a colour for 
each phase boundary. 

First two different phases A and B have to be defined to use the component.  
When the component is used for the first time an information pane will appear to 
iterate this point.  Press OK and select the relevant phases from the drop down 
menu. 

Tip:  Set the ‘pen style’ clear to deviation above 5° to display only boundaries 
upto 5°. 
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The legend shows the 
distribution of angle of 
deviation from the specified 
lattice correlation. 

The map above displays phase boundaries with the lattice correlation 
{0001}Ti(α)||{110}Ti(β). The boundaries upto 5° deviation from the specified 
lattice correlation are shown in white and above 5° are in yellow, see legend.  
The hexagonal Ti(α) phase is shown in red and the cubic Ti(β) phase is shown 
in blue. 

 

Orientation relationship boundaries 
 

 

This component has been designed to display phase boundaries, where a specific 
orientation relationship exists between two phases.  In this component a set of 
parallel planes and directions (that lie within the planes) are specified for each 
phase.  The relationships are expressed as the parallel conditions between two 
phases A and B, where {hkl}A || {hkl}B and <uvw>A || <uvw>B.  Unlike the 
lattice correlation component, this component does not allow any freedom of 
rotation about any of the axes.  Therefore there is a ‘complete relationship’ 
between the two phases. 

 

Drag the Orientation Relationship Boundaries component into the Interphase in 
the Components in map pane.  You can also use other suitable components to 
build the desired map, such as the phase component. 

 Then select the Orientation Relationship tab in the Properties and type the 
parallel planes {hkl} or directions <uvw>.  You can use the Line Specification 
tab to add  angle of deviation from the specified lattice correlation and define a 
colour for each phase boundary. 

First two different phases A and B have to be defined to use the component.  
When the component is used for the first time an information pane will appear to 
iterate this point.  Press OK and select the relevant phases from the drop down 
menu. 

Tip:  Set the ‘pen style’ clear to deviation above 5° to display only boundaries 
upto 5°. 
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The legend shows the 
distribution of angle of 
deviation from the specified 
orientation relationship. 

The map below displays phase boundaries with the Kurdjumov-Sachs 
orientation relationship {111}Fe(γ)||{110}Fe(α) and <110>Fe(γ)||<111>Fe(α). The 
boundaries upto 5° deviation from the specified lattice correlation are shown in 
dark blue, see legend.  The Ferrite BCC Fe(α) phase is shown in light blue and 
the Austenite FCC Fe(γ) phase is shown in yellow. 
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Grain Components 
Grain components are used to display grain reconstruction information, e.g. 
grain size with large grains in red, small in blue. 

 

Grain size component 
Property tabs: General tab, Color Scheme tab, Grain Size Parameter tab, 
Histograms tab 
Related: Grain Area Determination example. 

 

The Grain size component can be used to make maps that colour grains 
according to size. You can choose one of the following parameters: 

Grain Area Circle equivalent
diameter

Major  and axis
of Fitted Ellipse

Minor
 

Note:   The major and minor axis of the fitted ellipse are perpendicular. 

 

The Grain Size Parameter tab allows you to select a grain size parameter. 

Put a tick in the Include border grains checkbox to include grains that touch the 
edge of the map. Note: Border grains may be incomplete. 
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Tip: Select View | Grains in Random Colors to show the grains in random 
colours. Note: This will take priority over all map components. 

 
 

Strain Contouring component 
This is a component that provides an estimate of the extent of deformation, or 
strain, in individual grains in a map. The component measures the maximum 
misorientation between any 2 points in a grain and then weights this grain 
according to this misorientation value. A user defined half-width value then 
creates a smoothed appearance in the final map. 

If the component is not visible in your Map Composer window, then right mouse 
click and select Add. Switch to the Grain Components tab and double click on 
the Strain contouring icon. 

Before loading the component, it is advisable to adjust the properties. Most of 
the properties are self-explanatory (colour, histogram settings etc.). However, on 
the contouring tab it is advisable to alter the halfwidth value to approximately 
the same distance as the grain diameter. This will then produce a suitable map 
display: 

 
Click on OK and add the component to the relevant phase. 

 

Note: This component involves a lot of calculations and may take a long time for 
large data sets (e.g >200,000 points), depending on the speed of your computer. 
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The following map shows how the strain contouring component (overlain on the 
band contrast map) can be used to view variations in deformation in a shot-
peened Al sample (courtesy of Dr. H. S. Ubhi, DERA, UK). Red indicates higher 
values at the edge of the sample: 

 
 

Grain shape component 

 

The grain shape component allows you to display information about the grain 
shapes in your dataset as well as the number of neighbour grains that each grain 
has.  

Double clicking on the component icon, and then selecting the Grain Shape 
Parameter tab shows the 3 options for this component: 
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Select the option that you want, and then choose a suitable colour scheme (e.g. 
rainbow colouring). 

Rename the component using the general tab, and then add the component to 
your map. 

 

Tip: for maps with multiple phases, add the component to "All phases" when 
composing the map – this will then apply the grain shape parameter to all the phases. 
Also, adding the band contrast and switching on "semi-transparancy" can create a better 
looking map. 

Note that with the long axis slope, the scale is in radians, so that π/2 represents a 
grain with the axis vertical in the map, and 0 and π are horizontal. This is clearly 
shown in the following example: 
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Internal Statistics Component 

 

The grain internal statistics component allows you to display a range of 
parameters associated with the grains that have been measured in Tango. 
Depending on which parameter you choose, each grain will be coloured 
according to its individual value. The available parameters are: 

MAD 
Euler 1 
Euler 2 
Euler 3 
O-Lock index 
Open Component 
Orientation 
Misorientation 

For each parameter, it is possible to select a statistical value (e.g. mean, variance 
etc.). 

To load a grain internal statistics map, double click on the icon and then choose 
the cluster statistics tab. Then select the parameter that you want from the list: 
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Then select the statistics parameter that you want from the right hand drop down 
list. Then choose a colour scheme in the colour scheme tab, give the component 
a name and press OK. 

Note: All the internal statistics components are closely affected by the settings 
that you choose for the Grain Detection in Tango. It is sometimes worth 
adjusting these settings to give the best results. 

 

 

 

 

 

 

 

 

The Legend 
 The Legend is used to display information about the current map and its 

components. You can also set the data display range and create a subset based 
on that range. 
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For each map component, the legend displays a 
graph (showing the distribution of values) and the 
colouring scheme. 
The component name is shown at the top left. The 
phase or percentage of points that satisfy the 
component criteria (e.g. cube texture) is shown at 
the top right. 
 

 
 

 

If you right click on a graph in the legend, a pop-up menu will appear. 

The Properties... menu item gives access to the Properties for Component 
dialog box. 

Export allows you to export the graph to the clipboard or a file. 
Note: Zoom Histogram has data export facilities. 

 

Legend - Zoom histogram  

 

If you right click on a graph and select the Zoom histogram menu item, a larger 
version of the graph, with labelled axes, will appear. 

 
Note: For Grain Boundaries, the distribution for a random orientation 
(MacKenzie plot) is also shown. 

Legend - Set Min/Max for a graph 

 

To zoom in to a particular range of values, right click on a graph and select the 
Set Min/Max... menu item. You then need to enter minimum  and maximum 
values. 
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Alternatively, you can click on the graph and drag to the right to zoom in to a 
particular range. The map component will then display only those points that 
have values in the new range, other points will appear as transparent. This also 
applies to boundary misorientation values. 

 

 
Tip: Click on the graph and drag to the left to reset the graph. 

For the Band Contrast map shown above, the solid green region is the system 
background colour. You can change this by selecting the Preferences | General 
menu 

 

 

You can also set the minimum and maximum for the component in Component 
Limits on the General tab of Properties for Component. Note: When you click 
on a graph and select a range, Tango is actually entering values for you. 

 

Legend - Range to Subset 

 
To create a subset from a graph, right click on a graph and select the Range to 
subset... menu item.  

Enter a name for the subset, e.g. "BC 100 to 180" and click on OK. 

The subset will use the current range for the component 

 
See the section on Subsets in Project Manager and the chapter on Subsets for 
more information. 

Creating a band contrast and zero solution map 
When examining new data, it is a good idea to display a Band Contrast and Zero 
Solution map. Such a map shows the regions where Flamenco has had 
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difficulties indexing the EBSPs - usually due to grain boundaries, deformed 
regions, contamination or the presence of unknown phases. 

 

 
Tip: You can switch Zero solutions on/off by pressing Control-Z or by selecting 
the View | Zero Solutions menu item. You can change the colour used for zero 
solution via Preferences | General... 

 

The following instructions show how to create a band contrast and zero solution 
map using the ALUMIN.CPR example project: 

 

1) If it is not already open, then open the ALUMIN project by clicking on the 
Open icon, , in Tango’s toolbar.  

2) If necessary, create a new map by clicking on the New Map button, . 

3) Display Map Composer by clicking on the map with the right mouse and 
selecting Map Properties... from the pop-up menu that appears 

4) Change the name of the map to Band Contrast. 

5) Add the following components to the Aluminium phase - Special Boundaries, 
Grain Boundaries, Band Contrast. You can drag and drop the components from 
the right-hand list to the left-hand one. 

6) Rearrange the components so that they are in this order: Band Contrast, Grain 
Boundaries, Special Boundaries. Drag and drop the components within the list.  

Tip: The component will appear before the one that it is dropped on to. Which 
means you can drag a component to the top of the list but not to the bottom. 

7) Click on the OK button. 

8) Select the Preferences | General menu item from Tango’s menu bar. 

9) Put a tick in the View zero solutions checkbox, , that is 
just below the centre of the General Preferences dialog box.  

10) Click on the OK button. 
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Noise reduction 

Standard noise reduction 
Zero solutions extrapolate 
will examine a zero solution, 
and if it has more than the 
minimum number of indexed 
nieghbours (1-8), then it will 
be replaced by the most 
common neighbouring 
orientation. 

The standard noise reduction allows the user to remove Zero solutions (EBSPs 
that could not be indexed) and isolated points that have been incorrectly indexed 
and appear as Wild Spikes. The points that have been removed are filled in using 
copies of neighbouring points. 

Note: The standard noise reduction should be used with caution as large regions 
of zero solutions could indicate the presence of unknown phases or surface 
contamination. 

Tip: It is recommended that Wild Spikes are extrapolated first, then a medium 
level of Zero solution extrapolation is performed and repeated as necessary. 

To perform noise reduction on the ALUMIN.CPR example: 

1) Select the Edit | Noise Reduction menu item or click on the icon in the tool 

bar . 

 
2) Set the Scaling to 2x 

 
3) Select All Euler from the View: dropdown list. 

4) Click on the Wild Spikes Extrapolate button 

 

5) Set the Zero Solutions slider to three marks to the left of high,  

6) Press the Zero Solutions Extrapolate button until there are no zero solutions 
left (the Extrapolate button will then be disabled) or enable the iterate option and 
click on the button only once. 

The map should now look as follows: 

 
7) Press the Apply button to update the map.  
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Note: You can save the noise reduced map by switching to Project Manager and 
selecting the Project | Save As... menu item. 

 

The other parts of the Noise Reduction window are used as follows: 

The Erase button, , can be used to set points to zero solutions - simply draw 
on the map. This can be very useful for removing small groups points that have 
dubious indexing. For larger areas, you should create a subset of Nullify it (see 
the Subsets section under Project Manager). 

The Copy tool allows you to copy data from one point to another. Press the 
button, , then click on the map (you may want to zoom in first). Use the left 
mouse click to copy a point, then click somewhere else with the right mouse 
click to paste it. 

Note that you can keep the right mouse button held down to paste a larger area 
more quickly. 

 
You can perform noise reduction on a particular phase by putting a tick in phase 
list on the right. 

 

You can also select a subset and limit the noise reduction to points within this 
subset. 

Click on Restore original data to restore the original EBSD data as it was 
measured. 

 

It is possible to fill every grain with its average value: this may be useful if you 
wish to study the boundary properties between grains with greater accuracy, as 
you will now be averaging the boundary properties over many pixels. 

 
In the Noise reduction window, carry out the routine noise reduction as usual 
and then press the button marked "Fill grains with average orientation". Then 
press Apply. 

Note: this will only be available once a grain detection has been carried out in 
Tango. Remember to choose the grain detection settings carefully, depending on 
what you are interested in analysing. 

 

Note: Systematic misindexing can be removed using the feature Remove 
Systematic Misindexing…: see the section called Removing pseudosymmetric 
misindexings (after Grain reconstruction). 

Orientation Averaging filter 
HKL Technology A/S would 
like to thank Prof. F.J. 
Humphreys for his help for 
the development of this filter.  
More information can be 
found in J.of Microscopy, 
V.201, Pt Jan. 2001, pp. 50-
58. 

The ‘Orientation Averaging’ filter is designed to improve the precision of the 
angular accuracy at the expense of spatial resolution, which is modified from the 
established image enhancement technique known as ‘Kuwahara filter’, which is 
loosely based on the work by Humphreys et al.  Theoretically, for a filter size of 
nxn (n2) the orientation error improves and the spatial resolution gets worse by a 
factor of n, assuming that there is a homogeneous distribution of local 
orientations. 
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Note:  This filter does not modify or remove wildly aberrant orientations or 
‘spikes’, therefore it is important to start with a good quality original data set.  
The filter is not performed across phase boundaries.  Pixels with zero solutions 
are not altered by this filter.  

Kuwahara filter Parameter settings 
There are three parameters to set in Kuwahara filter.  These are ‘filter size’, 
‘smoothing angle’ and ‘artefact filter’. 

Filter size 
This is the width and height of the averaging filter window.  Set the filter size 
with respect to the spatial resolution of the orientation map, however the lowest 
size 3x3 is generally recommended. 

 

 

Here is an example of a 5x5 filter size.  The 5x5 block is divided into four 3x3 
sub-blocks, where the misorientation of the central pixel (C) is calculated with 
every pixel in the sub-blocks.  The central pixel is given the value of the mean 
orientation of the sub-block, which has the lowest overall internal 
misorientation. 

 

Smoothing angle (degrees) 
Pixels with higher misorientation than the smoothing angle to the central pixel 
(C) are not allowed to contribute during the filter operation.  The default value is 
set at 5°. 

Tip:  For a pure ‘Kuwahara filter’ set the smoothing angle to a high value, e.g. 
90°.  However this may produce artefacts around grain boundaries.  

Artefact filter 
This is an optional extra filtering performed to remove small artefact pixels that 
may be a side effect of the Kuwahara filter.  The pixels with local misorienations 
of higher than the artifact angle (degrees) are removed.  It is recommended to set 
the artifact angle typically smaller than or equal to the smoothing angle.  The 
effect of this filter is best monitored on the screen by setting the ‘critical angle’ 
equal to the artifact angle. 

 

Tip:  It is advised to do a standard noise reduction filter prior to orientation 
averaging filter. 

The filter works both with and without predefined grain boundaries.   The grain 
boundaries maybe defined via Edit | Detect Grains… and setting a ‘Critical 
misorientation’ and ‘Detect grains’.  If grain boundaries have been defined, they 
are respected by the filter and averaging is not performed across the grain 
boundaries. 
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 To perform orientation averaging filter on the Al-Mg.CPR example: 

1) Select the Edit | Noise Reduction menu item or click on the icon in the tool 

bar . 

 
2) Apply a standard noise reduction filter as outlined in the previous section. 

 3) Select the Kuwahara tab. 

 

4) Select filter size of 3x3. 

 6) Set the smoothing angle to 5°. 

 

7) Set the artefact angle to 1° and tick to use artefact filter. 

 

8) Set the critical angle to 1° and activate to view. 

 
9) Click on Perform filter and then on Apply. 

 

  
Before Orientation filter After Orientation filter 

The maps show the 0.5° boundaries for the Al-Mg example map before and after 
orientation filter. 
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Creating an orientation map 
An orientation map colours the points in the map based upon their orientation 
data, so grains which share the same orientation appear as the same colour, for 
example: 

 
 

The following steps show how to create an orientation map using the ALUMIN 
project.  

1) Open the ALUMIN.CPR project (CHANNEL5\Examples directory) 

2) Click on the New Map icon, .  

3) Using Map Composer, add the following components - Euler All, Grain 
boundaries.  

 

4) Click on the Map Name button to create a default name for the map, 
"E123+GB" in this case. 

5) Click on OK. 

 
6) Switch to Current Record mode by clicking on the  button in the Tango 
toolbar: 

 
7) Double click on the title bar of the Mapping window to resize it  

8) Click on a point in the map, a red cursor will indicate the Current Record. 

 
 

9) Click on the Legend button, , to view the legend: 
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The Grain boundaries graph gives the distribution of misorientation angles. The 
grey line is the distribution (MacKenzie plot) that would be expected from 
misorientation between a random set of orientations. 
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Misorientation profile 
Misorientation Profile allows changes in orientation along a line to be displayed. 
It can show subtle changes in orientation across a grain or subgrains. 

 

Press the Misorientation Profile button, .  

 
Tip: Keep the mouse over the 
indices to view the exact axis. 

Click on a point on the map and keeping the mouse button down, drag out a line. 
Information about the misorientation between the start and finish of the line is 
shown to the right of the map. 
Tip: Max. Indices (Project Manager) sets the tolerances for converting 
directions to indices, e.g. [0.572, 0.567, 0.577] to [111].  

 

Tick Accumulated to show the misorientations relative to the first point rather 
than the previous one. See below: 

 

 
 

Tip: To display the misorientation axes on the graph, e.g.  
Click on the graph with the right mouse button and select Preferences... 
Put a tick in the Labels checkbox. 
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Line intercept measurements 
The mean linear intercept method for measuring “grain size” is well established 
(see BS4490 or ASTM E112) and has been implemented in Tango. A major 
difference between this implementation and more conventional ones is that the 
crystallographic orientation data is being used rather than a processed image 
from an etched specimen. The advantage of EBSD is that there is no ambiguity 
about the grain boundaries since they are measured in terms of crystallographic 
data. 

Parallel test lines are “drawn” over the map and the points where the lines 
intercept a grain boundary are noted. The mean linear intercept is calculated by 
adding all the line segments together and dividing by the number of complete 
grains the test lines passed through. Incomplete intercepts (from grains that touch 
the edges of the map) are not included in the statistics.  

Tip: To avoid sampling a grain more than once, the lines should be at least the 
maximum grain diameter apart. 

 

 

Select the Edit | Measurement | Line Intercept menu item, the Intercept 
Measurement window will appear. 

You can exclude certain boundaries (e.g. twins) by clicking on the Exclude 
button and entering angle/axis pairs for the boundaries. 

Press the Measure Intercepts button to measure the intercepts: 

 
The intercepts lengths are shown in alternating yellow and blue lines.  

A table of intercept data is displayed in the Intercept Measurement window, if 
you click on an entry, the relevant intercept will be highlighted in the map. You 
can examine detailed intercept statistics by clicking on the Statistics button. 

Press Close when you have finished. 
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Grain reconstruction 
With EBSD maps, individual grains can be automatically identified and various 
parameters measured, e.g. grain area. For this application, a grain is a region 
defined as being completely bounded by boundaries that all have a 
misorientation angle larger than a critical value.  

You can also choose to exclude certain boundaries (defined by angle/axis pairs) 
from the grain size measurements. For example, for a material that contains 
twins, you may want the twins to be considered as part of their parent grain.  

Once the grains have been reconstructed, a variety of grain size parameters can 
be calculated, e.g.  

Grain Area Circle equivalent
diameter

Major  and axis
of Fitted Ellipse

Minor
 

Note:   The major and minor axis of the fitted ellipse are perpendicular. 

You can access the grain reconstruction facilities by selecting the Edit | 
Measurement | Grain Area Determination menu item or click on the icon in 

the tool bar . The Grain Size Measurement window will appear: 

 
If ‘A and d weighted for border grains’ is selected, then grains touching the 
borders of the map are allowed to be considered to have larger area than 
measured.  The area of the grains touching one border is multiplied by 2 and the 
ones touching two borders is multiplied by 4. 

The Statistics button displays detailed statistical information on grain 
reconstruction parameters. 
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Critical misorientation angle  
The grain boundaries can be defined with up to two criteria for the grain 
detection. 

 

One criterion is the upper critical misorientation angle.  This is the main method 
of defining a grain boundary wherever the local misorientation exceeds the 
‘critical misorientation’ angle. 

In most cases this criterion is enough to define a grain boundary, however some 
grain boundaries may remain incomplete, where in some places the 
misorientation along a boundary is below the critical misorientation angle.  
Simply reducing the critical misorientation is not always a solution, because it 
may introduce sub-grain boundaries and noise into the grain detection result, as 
shown in the figures below. 

 

 
Incomplete grain boundaries with 5° 
upper critical misorientation.  The 5° 
boundaries are shown as white lines. 

 
Incomplete grain boundaries with 5° 
upper critical misorientation.  The 5° 
boundaries are shown as white lines 
and 1° boundaries as black lines. 

Grain boundary completion 
The other grain boundary criterion is an additional option of defining a lower 
critical misorienation.  This optional criterion allows the incomplete boundaries, 
defined by the upper critical misorientation angle, to trace down to the lower 
critical misorientation angle.  Therefore this helps to detect grains, where there 
are incomplete boundaries with out introducing noise into the result, as shown in 
the figure below.  Note: This value can be as low as zero. 

Grain boundarycompletion 
with 5° upper critical 
misorientation.  The 5° 
boundaries are shown as 
white lines and 1° boundaries 
as black Grain boundary 
lines. 
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Grain Area Determination example 
In the following worked example, the grain size of a heavily twinned material 
will be measured. For the grain size measurements, the twin boundaries will be 
ignored. 

 
 

1) Open the NICKEL.CPR example map. Click on the Open icon, , then 
select the CHANNEL5\Examples directory and double click on the 
NICKEL.CPR file. 

 

2) Click on Edit | Noise reduction..., set Neighbours to 1 and press the 
Extrapolate button (in the Zero Solutions groupbox) until there are no zero 
solutions left.  

 

 

3) Select Edit | Grain Area Determination... and set Crit. misorientation to 10° 

Tip: 10° misorientation is appropriate for most materials.  

4) Use the Disregard dialog box to define boundaries that you wish to ignore 
during the grain size determination process: here enter the 60° <111> twin 
boundary as shown below. Ensure that the corresponding check box is ticked.  

Note: Click on Add to add a new misorientation. Double click or press F2 to edit 
a cell in the table. 

 

 
 

Tip: Use Disregard to remove twin boundaries from grain reconstruction. 
Note: Only misorientations for the appropriate Laue group will be used. 
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5) Press the Measure grain size button. 

Note: Tango will work out which adjacent measurements belong to the same 
grain and calculate parameters such as grain area and best-fit ellipse. 

 

 

6) Click on the Statistics button.  

Tip: Keep the mouse over a statistical parameter to view a hint, e.g. 

 
 

 

7) Select Area [µm2] as the Size parameter X , and remove the tick from incl. 
border grains. 

Tip: Grains that touch the borders of the map are usually incomplete and are 
normally excluded from the statistics. 

 

You should see something like the following grain area distribution: 

 
 

 

Tip: Right click on the map to access a pop-up menu.  
If you click on Histogram preferences... you can change the way the histogram 
is displayed, in this case bars have been used. 

Tip: Use the Class width editbox at the bottom of the window to change the bin 
size. You can select a cumulative (probability) distribution by clicking on the 
Px(x) radio button.  

Tip: For the frequencies, you can choose between: 

Note: Normalised frequencies 
are better for comparing data 
with different bin sizes. 

Rel. frequencies (norm) - the graph is normalised to have an area of 1. 
Rel. frequencies (%) - the total height of the bars adds up to 100%. 
Abs. frequencies (#) - the number of measurements in a bin. 

 

 

8) Right click on the graph and select the Set Min/Max... menu item. 
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9) Enter 10 for the minimum and 17 for the maximum value (areas in square 
microns). Click on OK. 

Tip: You can also click on the graph and drag to the right to zoom in. Click and 
drag to the left to reset the graph. 

 

10) Right click on the graph and select the Range to subset... menu item. 

11) Enter "Big grains" as the name for the new subset. Click on OK. 

12) Click on the Close button in the Grain Statistics window. 

 

13) The Mapping window will now be in grain click mode, .  
If you click on a grain it will be highlighted in green (or red if it is incomplete, 
i.e. touches a map edge.) 

 

 

14) Click on the View | Grains in Random Colors menu item. 

The subset should highlight the large grains in the map, as shown below: 

 

 

Tip: Click on the View | Grains as Elliptical fit menu item to display the best 
fit ellipses. 

 

15) Click on the Close button in the Grain Size Measurement window. 

 16) Remember to click on View | Grains in Random Colors again to switch it 
off. 

 

Filling grains with the average orientation 
 

Sometimes it can be useful to set all of the points within a single grain to a single 
orientation – the average orientation of that grain. An example of a use of this 
feature is if you wish to use the "1 point per boundary" feature to look at 
boundary misorientations and rotation axes. By selecting the average orientations 
of the grains, you will therefore have the average misorientation across each 
grain boundary, resulting in increased accuracy in your boundary analysis. 

 

To fill the grains with their average orientations:  
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1. First you need to perform a grain area determination – but take care to select 
an appropriate critical misorientation value (for example, if you are interested in 
subgrains, put a lower value here – such as 2°). 

2. Open up the Noise reduction window (Edit | Noise reduction) 

 
3. Press the Fill grains with average orientation button. 

4. Press the Apply button to update the map. 
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Removing pseudosymmetric misindexings 
For some materials, there are certain EBSPs that are difficult to index correctly 
due to pseudosymmetry. However, the incorrect indexing will normally be 
related to the correct one by a simple rotation. The Remove systematic 
misindexing function under the Edit menu can be used to correct most of these 
problematic indexings. 

 
For example, pseudosymmetry is displayed by the EBSP, from b.c.c. Iron, 
shown above. The EBSP has a <111> direction near the centre of the pattern, 
and appears to have 6-fold symmetry. It is only the weaker  Kikuchi bands, near 
the edge of the EBSP, that break this pseudo symmetry and show that <111> is 
really a 3-fold axis. If the indexing software does not locate one of these critical 
bands, it can produce an incorrect indexing which is rotated by 60° about <111> 
from the correct one. This is shown above by the two schematic unit cells. 

 

In the following example, from a specimen containing tungsten carbide particles, 
we will remove a pseudosymmetric indexing problem from the central particle in 
the map.  

1) Open the project called PSEUDSYM.CPR in CHANNEL5\Examples.  

2) Create a map with the components shown below. 

 

 

Note: "30° 0001" is a Special boundary component with "0001" as the axis, 30° 
as the angle, and 5° for both of the Maximum deviations.  

Tip: Use Misorientation profile, , to find the misorientation relationship 
(angle/axis) for the misindexings. 
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4) Click on Edit | Grain Area Determination to display the Grain Size 
Measurement window. 

5) In the Exclude dialog box enter the following settings.  

Ensure that the relevant check-box is ticked. 

 
Tip: Click on Add to add a new misorientation. Double click or press F2 to edit a 
cell in the table. 

 

6) Click on the Measure Grain Size button. 
The central tungsten carbide particle will now be have been reconstructed as a 
single grain. 

7)  Press the Close button. 

8) Click on the Edit | Remove Systematic Misindexing... menu item. Select All 
Euler from the drop-down list next to View:. 

 

9) In the Systematic spikes panel, set Level to two marks below high and press 
the Rotate button. 
Note: You should experiment to find the appropriate value for Level. Pressing 
the Restore Original Data button will revert to the last saved version of the 
project: to abort the systematic misindexing process, simply press Cancel. 

10) Press the Apply button. 

 

The central tungsten carbide particle will now be a uniform orientation: 

 
 

Note: Normally, the most common orientation within a grain will be used as the 
reference orientation towards which misindexings will be rotated. 

Note: Rotate systematic spikes can sometimes cause problems in materials with 
twins, particularly if the pseudosymmetry and twin boundary relationships are 
the same.
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General preferences 
The general preferences tabbed dialog box is used to alter various settings that 
affect the display of data in all maps, e.g. Zero Solutions and Subsets. 

To access the General preferences dialog box, click on the Preferences | 
General... menu item in Tango. 
Tip: The keyboard shortcut for General Preferences is Control-G. 

A tabbed dialog box will appear: 

 
 

 
Put a tick in the Show four digits indices checkbox to display planes and indices 
using hexagonal notation, e.g. [0001]. 
Note: You can use hexagonal notation for entering planes and directions. 

 

 

General tab 

 

If Automatic Updating is Active (ticked), then Tango will respond to changes in 
the current subset (from Project manager). 

 

You can change the system colours for Background (graphics), Current record 
and Zero Solution by selecting a new colour from the dropdown list. Select User 
Defined to choose from a wider palette of colours. 

You can also hide the Zero solutions by removing the tick from View. 
Tip: The keyboard shortcut is Control-Z. 

If Blinking is enabled (ticked), then the current record will be shown as a 
blinking red cross. 

 If Restore last map arrangement is checked, then, when Tango is closed, it will 
store the sequence of maps and recreate them when it next runs. 

 

Subsets tab 

 

You can select a colour for the subset data by clicking on the Subset color 
dropdown listbox. This will be used for displaying map data when Subset Color 
is selected in the Pixel transformation group below. 

When Hide anti-subset is ticked, the anti-subset (those points not in the current 
subset) will be hidden, as shown below on the right. 

Note: Hide anti-subset is also available on the pop-up menu in the Mapping 
window - just right click 
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You can also change the way that the subset (and anti-subset) are displayed. By 
default, the subset us not changed (No transformation) and the anti-subset is 
lightened (Tone up) 

The examples below show the effects of the pixel transformations on a small 
map. Note: The left side has not been transformed for reference.  

 

 
No transformation 

 
Tone Up - points lightened 

 
Tone Down- points darkened 

 
Invert color 

 
Blue shadows 

 
Gray level 

 
Background color 

 
Subset color - see beginning of this section  

 

Global Data tab 

 

 

You can enter the Minimum angle to define a grain boundary here. 

This value is used for calculating the percentages (by length) of special 
boundaries, e.g. CSL. The total boundary length is defined as the number of 
misorientations that are above this minimum value. The special  boundary 
lengths are expressed as a fraction of the total boundary length. 

 

Export 

 

A right mouse click on the map will display a pop-up menu with commonly 
used functions. 
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The Export menu allows you to export maps directly to the printer, a file as jpg 
or to clipboard either as BMP, WMF or EMF. There are also the options to 
export either single or all maps (in combination with the legend, if opened) to a 
Word or a PowerPoint document. If a Word or PowerPoint document is already 
open, it will be placed in there otherwise a new document will automatically 
open. 

 

Oxford Instruments HKL Technology CHANNEL 5 Tango - mapping • 11.57 



MapStitcher - Merging Maps 

Overview 

MapStitcher, , is a software tool for stitching together maps 
collected using Flamenco. This chapter will show you the basic features 
of MapStitcher, and will demonstrate how to stitch or merge together 
several maps. 

 

This chapter consists of the following sections: 

Running MapStitcher 

Loading individual projects 

Loading a Job Matrix 

The display controls 

Positioning individual maps 

Map Correction Settings 

Saving stitched projects 
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Running MapStitcher 
 

 
Run MapStitcher as you would any other Windows program. Click on 
the Windows Start button, then select Programs, followed by CHANNEL 
5 and MapStitcher. 

 
Alternatively, if there is a shortcut on the desktop then just double click 
on the MapStitcher icon. 

 

If no other CHANNEL 5 programs are running then the User Profile 
dialog box will appear. 

Simply select a profile (either a user name or a material name) or create a 
new profile. 

 

Tip: User Profiles allow several users to maintain their own settings, or 
you can create profiles that are suited to particular materials. 

 

Tip: The Delete button allows old or unused profiles to be removed. 

 

The Main MapStitcher Window will appear: 
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Loading Individual Projects 
 

 
To open a single project, choose Project | Open Source Project... or 
click on the button on the tool bar. If the project that you are opening is 
part of a job matrix, then you will be asked whether you wish to open up 
all the jobs in the matrix: 

 
 

Click on No if you only want to open the specified project. 

 

Repeat this process to load in any other projects that you wish to stitch 
together. MapStitcher will by default load the individual projects adjacent 
to one another, even though this may not be their correct positions: 

 

 
 

Details on the positioning and stitching of the projects is given in the 
relevant sections later in this chapter. 
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Note: MapStitcher will only work with mapping projects collected using 
CHANNEL5 - Flamenco. 

 

If you try to open 2 projects that have different step sizes, then 
MapStitcher will warn you with an error message, and will not open the 
project: 

 

 
 

Loading a Job Matrix 
 

If Flamenco has acquired a number of jobs in a job matrix (see the Job 
Matrix section in the chapter Flamenco - EBSD Acquisition), then you 
can stitch the jobs together using MapStitcher. 

 
Simply open one of the projects in the matrix by selecting Project | 
Open Source Project or click on the button on the tool bar. You will be 
warned that the project is part of a job matrix, and asked whether you 
wish to open all of the jobs: 

 
Click on Yes. 

 

MapStitcher will now open all of the jobs in the matrix and will arrange 
them in the correct positions: 
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Note: it is sometimes necessary to click once in the workspace in order to 
view the maps. 

 

The Display Controls 
 

Once some projects have been loaded into MapStitcher, it is now possible 
to vary the display. This is done using the buttons on the toolbar and the 
drop down menus. 

The toolbar buttons are as follows: 

 
Remove highlighted project 

 
Bring highlighted project to the front 

 
Crop the workspace to the open projects 

 
Zoom out 

 
Zoom in 

 
Zoom factor 
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It is also possible to alter the display from a an orientation map (all 
Euler) to a pattern quality map (band contrast). This is done by selecting 
Edit | Show Band Contrast (if the display is on All Euler) or Edit | 
Show All Euler (if the display is on band contrast).  

Tip: Sometimes it is easier to stitch together maps using the band contrast 
display, as this is independent of the success rate and reliability of 
indexing. 

 

If, during the positioning of individual maps, you wish to view both the 
map you are moving and the underlying map, select Edit | Semi-
transparency. Select it again to disable this feature. 

 

 

At any stage during the stitching process, the panel to the right of the 
main workspace will display information about the stitching process, 
notably: 

The number of projects 

The resulting final grid size 

The X and Y step sizes 

The total area of the final map 

 

Positioning Individual Maps 
 

If your EBSD system's beam and stage movements have been accurately 
calibrated, and there have been no problems during data collection (such 
as charging or drift), then it may be that the individual jobs in a job 
matrix fit together perfectly and there is no need for any subsequent 
positioning. In such cases, simply save the destination project (see the 
final section in this chapter). 

 

However, often there will be slight overlaps between individual maps in a 
job matrix and you will need to adjust the positions of the maps before 
saving the stitched project. If the maps are not part of a job matrix, then it 
is very likely that you will need to position the maps manually before 
saving. 

 

Moving maps large distances 
Individual maps can be moved freely around the workspace by clicking 
on them and dragging them while pressing the left mouse button. At any 
time the active map is highlighted by a thin red border:  
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Systematic Shift 
Sometimes, due to slight distortions in the SEM scanning or inaccuracies 
in the magnification calibration, the stitched maps will need systematic 
adjustments in order to fit together perfectly. This can be done using the 
systematic shift option in Mapstitcher. 

 

To access the controls, select Edit|Systematic shift… from the menu. 

You will then see the systematic shift window: 

 
dX will move maps apart (or together) relative to their neighbours in the 
X direction 

dY will move maps apart (or together) relative to their neighbours in the 
Y direction 

Row shift will move each row to the right (or left) relative to the row 
above  

Column shift will move each column down (or up) relative to the 
column to the left 

Once you have found the correct systematic shift settings, and have 
moved the maps accordingly, then press OK to accept the changes. 
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Fine-tuning map positions 
Once a map is in approximately the right location, it is usually necessary 
to fine-tune its position in pixel-sized steps. 

This is achieved by highlighting the map, and then using the keyboard 
arrow keys to shift the map pixel by pixel in the appropriate direction. 
Keeping an arrow key depressed will move the map continuously in that 
direction. 

 

Tip: In the last stages of positioning a map, zoom in to a higher 
magnification for greater accuracy. 

Map Correction Settings 
On some systems, stitching together maps can create artefacts, such as 
low angle boundaries between the maps or mismatches at the edges. 
Calibrating your system to compensate for the variation in calibration 
parameters during low magnification scans can reduce or even eliminate 
these artefacts – see the Flamenco – Advanced Acquisition chapter for 
further information on how to set this up. However, you may have some 
older projects that still produce artefacts between maps, or you may 
encounter some drift or hysterisis that causes problems. Many of these 
can be corrected using the map correction settings. 

 

To utilise the map correction settings, select Options|Map Correction 
Settings… from the menu. 

You will now see the following dialog box: 
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Trim Map Controls 

 

On the left hand side are controls to trim maps. This is useful if the first 
few pixels in any map suffer from drift or stability problems – simply 
type in the number of pixels that you wish to crop in the relevant edit 
box, and press OK. 

Note: trimming pixels may create gaps between individual maps 

Systematic Orientation Rotation 
The systematic orientation rotation controls to the right are used to 
compensate for uncalibrated beam-sample-detector geometry variations 
during low magnification scans. For example, in the following band 
contrast map, boundaries >1° are shown in red, and the stitch boundary 
between the 2 maps is clearly visible (data courtesy of Dr. Sandra 
Piazolo, Liverpool University): 

 

 
A misorientation profile across the top of the map (black line, above) 
shows the progressive change in orientation in this one grain, and then 
the abrupt change at the map boundary: 
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This information can be used to determine the rate of orientation change, 
which can then be entered into the relevant edit box. 

In this example, the orientation correction removed the 1 degree 
boundary seen at the border between adjacent maps: 

 

 
 

Note: although on most systems the rotation value should be positive, on 
some systems, a negative entry will be necessary. 

 

If adjacent maps overlap, you can make Flamenco calculate the average 
orientation for the overlapping pixels. This is done by checking the box 
at the bottom of the map correction window. 

Saving Stitched Projects 
 

Once you have successfully positioned the individual maps, you should 
save the stitched project. 

 

 
Select Projects | Save Destination Project As... and type in a project 
name. You can also use the shortcut Save button. 

Once you have saved the stitched project, you can continue amending the 
positions of the maps and re-saving the project (Projects | Save 
Destination project). 

Note: MapStitcher will save the project exactly as it appears in the 
workspace. Therefore, when 2 maps overlap, data from the map at the 
front will overwrite data from the map hidden below.  
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Note: Destination projects are saved in either square of rectangular sizes. 
If you are stitching irregularly positioned maps, then the non-analysed 
space will also be saved. This will not affect the overall statistics for the 
project, and will be marked as "non-analysed" in the post-processing 
software: 

 

 
The statistics for these stitched maps are not affected by the non-
analysed areas (black). 

Once you have finished stitching your projects and have saved the 
destination project, exit MapStitcher (Project | Exit) and proceed to the 
post processing software (Tango, Mambo, Project Manager etc...) for a 
full analysis of the data. 
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Salsa - orientation distribution 
functions 

Chapter Overview 

Salsa, , is a statistical tool for generating and displaying (mis-) orientation 
distribution function, (M)ODF, data from EBSP orientation data. The EBSP data 
can be obtained from either manual or fully automated EBSP measurements 
using Flamenco, previous versions of CHANNEL-Acquisition or from user 
generated data via an ASCII text file. 

Salsa provides a flexible approach to the calculation, display and interrogation of 
orientation and misorientation data collected within a crystalline sample. It also 
allows the data to be interactively correlated with other microstructural 
information, e.g. in the Tango orientation mapping software. 

 

This chapter consists of the following main sections: 

Running Salsa 

Reading orientation data in to Salsa 

3DView - a window on Euler space 

Project Properties - phase, (mis-)orientations 

General Preferences - subsets, display... 

Creating an (M)ODF with the wizard 

Viewing (M)ODFs with 3DView 

Browsing a section through the (M)ODF 

Contour Manager 

Serial sections through an (M)ODF 

Viewing Ideal Orientations 

Texture coefficients - view, export and import 

See also: Salsa - introduction to ODF calculations 
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Running Salsa 
 

 
Run Salsa as you would any other Windows program. Click on the Windows™ 
Start button, then select Programs, followed by CHANNEL5 and Salsa. 

 
Alternatively, if there is a shortcut on the desktop, just double click on the icon. 

 

If no other CHANNEL5 programs are running, the User Profile dialog box will 
appear.  

Simply select a user name or create a new one. 

The Salsa window will then appear. 

 

 

Salsa’s toolbar icons 
The functions represented by the icons in Salsa’s toolbar are : 

 

 Open project - read EBSP orientation data in to Salsa 

 Print the current (M)ODF 

 
Refresh - updates display of data. 

 Create new (M)ODF 

 Remove current (M)ODF 

 Browse a section through the current (M)ODF 

 Display serial sections through the current (M)ODF 

 Zoom in - enlarge and shrink the (M)ODF 

 Zoom out 

Current zoom factor 

 Subset selection tools 
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Reading orientation data in to Salsa 

 

To read, EBSD data in to Salsa, either, press the Open Project icon, , in 
Salsa’s toolbar, or select the Project | Open menu item. 

The Open dialog box will appear. 

 

You can change directory, in the normal Windows way, by clicking on the 
dropdown listbox next to Look in: 

Click on a file, then click on Open. 

 

Note: To open a PRJ file, click on the dropdown listbox next to Files of type: 
and select V3.1 project files (*.prj). 

Click on your chosen file and press the Open button. Alternatively, you can just 
double click on the file. 

Worked example - Aluminium 

 

There area several example data sets in the Examples directory. 

AL_2.CPR is a small map from an aluminium specimen with some cube and 
[100] fibre texture. 

For the following examples, you will need to open the AL_2.CPR file in the 
examples directory (usually C:\CHANNEL5\Examples). 

Note: The default setting in CHANNEL 5 for Sample Symmetry is triclinic. In 
the following example, this has been set to orthorhombic (using the Properties 
button in Project Manager). 

3DView - a window on Euler space 
3DView allows you to view your orientation data (Scattered Data) and (M)ODF 
intensities in Euler space (phi1, Phi, phi2 or φ1, Φ, φ2).  

The 3DView window has a series of tabs along the top which allow you to select 
the Scattered Data or (M)ODFs. 
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Note: Due to multiplicity, this 
can be a multiple of the size of 
the data set, e.g. 3 times for 
cubic materials. 

The caption at the bottom of the window indicates whether ODF or MODF data 
is being shown and gives other information, e.g. the number of points in Euler 
space and the ODF calculation parameters. 

 

 

If you click on the window with the right mouse button, a pop-up menu will 
appear. This gives access to the most common functions, e.g. Export to 
clipboard. 

 

The icons in 3D-view’s toolbar have the following functions : 

 

 &  Rotate data display about vertical axis  

 &  Rotate data display about screen normal 

 &  Rotate data display about horizontal axis  

 Set data display to default position 

 Animate data display 

 

Project Properties 
You can change the properties for the project by selecting the Project | 
Properties menu item. 

 

 
Click on the phase drop-down listbox and select a phase to display data from 
that particular phase. Note: The first phase in the list is selected by default. 

 

 

You can display the data as either orientations or misorientations by clicking on 
the relevant radio button in the Plot groupbox. 

 

 

For Orientations, you can select the coordinate system, either CS0 (sample 
primary) or CS1 (sample section) by clicking on the relevant radio button in the 
Coordinate system groupbox. 

 

 

For Misorientations, enter a critical misorientation angle. Only misorientation 
data above this critical angle will be included. A value of 2° is usually 
appropriate, although this depends on whether subgrains are present or not. 

 

The following images show misorientation data in Euler space and  the effect of 
critical misorientation angle. The black stripe showing in the 0° image (left) is 
due either to subgrains or to small unavoidable errors in the orientation 
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measurements within single grains. It is fainter in the 2° image and absent from 
the 5° one. 

 

 
 

General Preferences 
To access the general preferences dialog box, click on the 3D-View window 
with the right mouse button,  and select Preferences... or click on the 
Preferences | General... menu item in Salsa. 

Tip: The keyboard shortcut for General Preferences is Control-G. 

A tabbed dialog box will appear: 

 
 

General tab 

 

If Automatic Updating is Active (ticked), then Salsa will respond to changes in 
the current subset (from Project manager) and colouring scheme (from Tango).  

 

You can change the system colours, Background (for graphics) and Current 
record by selecting a new colour from the dropdown list. Select User Defined to 
choose from a wider palette of colours. 

If Blinking is enabled (ticked), then the current record will be shown as a 
blinking red square. 
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Subsets tab 

 

You can select a colour for the the subset data by clicking on the Subset colour 
dropdown listbox. This will be used for displaying scattered data when Subset 
Color is selected in the Pixel transformation group below. 

When Hide anti-subset is ticked, the anti-subset (those points not in the current 
subset) will be hidden, as shown below on the right. 

 
Note: Hide anti-subset is also available on the pop-up menu in 3DView - just 
right click 

 

 

You can also change the way that the subset (and anti-subset) are displayed. By 
default, the subset is not changed (No transformation) and the anti-subset is 
lightened (Tone up) 

The examples below show the effects of the pixel transformations on some 
sample scattered data. Note: The bottom right corner is not changed.  

 

 
No transformation 

 
Tone Up - points lightened 

 
Tone Down- points darkened 

 
Invert color 

 
Blue shadows 

 
Gray level 

 
Background color 

 
Subset color - see beginning of this section  

Note: For this example, the colouring is from Tango's All Euler map component, 
but other colourings can be used, see the Display tab for more information. 

 

Labels tab 

 

You can change the labels for the Euler1, 2 and 3 axes (phi1, Phi and phi2) by 
editing the text in the Notation groupbox. 
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You can also change the fonts used for drawing text by clicking on the Change...
button in the Font or Legend Font groupboxes. 

By default, the general font is Symbol, the Legend font is MS Sans Serif. 

 

Display tab 

 

The symbols groupbox allows you to change the size of the symbols (Small, 
Medium, Large) and the colour scheme used (Active Map or Always Black).  

When Color is set to Active Map, the points will be displayed in the colour that 
they have in the current map in Tango, for example: 

 
 

 

You can choose to display the (M)ODF Densities via either a Rainbow or Gray 
Scale scheme, as shown below. 

 
 

Asymmetrical unit tab 
Tick Show 3 equivalent orientations in H' to show the three equivalent positions 
in Euler space for cubic materials. 

Tick Show boundaries to view the boundaries of the asymmetrical units. 

Creating an (M)ODF with the wizard 
The (M)ODF wizard simplifies the creation of an (M)ODF by leading you 
through a series of simple steps and choices. 
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To create an (M)ODF from the example AL_2.CPR, follow these steps: 

 

1) For multi-phase data, make sure you have the relevant phase selected. Tip: 

The phase is shown in the 3DView title bar.  

 
You can choose another phase by selecting the Project | Properties menu item 
and clicking on the Phase drop-down listbox. 

2) Press the New (M)ODF icon, , or select the Edit | New (M)ODF. 

 

 

3) Select Coefficient calculation from the Method groupbox. 
Note: Gaussian estimation is an alternative method for calculating the (M)ODF.

Click on the next button,  

 

 

4) Select Orientation Distribution Function (ODF) from the Data groupbox. 
Note: It is also easy to create an (M)ODF using misorientation data, you can set 
the Critical Misorientation Angle via Project | Properties. 

Click on the next button,  

 

 

5) Enter a name for the ODF, e.g. Coefficient, in the Title groupbox.  
Note: The maximum length of the title is 15 characters. 

Click on the next button, . 

Note: You can click on the back button, , to go back a step. 

 

 

6) Enter a resolution of 32 x 32 x 32, a Gaussian half width of 5° and an Lmax 
of 22 in the Coeff. tabbed sheet. 
Note: Using large values for Resolution and Lmax, will increase the calculation 
time, but will produce a better (M)ODF. The Gaussian half width controls the 
spreading out of the EBSD data in Euler space. 

 

 

7) Click on the Clustering tab and select a Cluster size of 5°. 
Note: Clustering speeds up the ODF calculations. It looks at the data and finds 
clusters of the same orientation (e.g., from the same grain) and replaces them by 
a single orientation with an increased weighting. 

 

 

8) Click on the Data Set tab and select Complete data set. 
Note: You can use Data Set to select a subset from the drop-down listbox. The 
ODF calculations will only use the points in the selected subset. 

 

9) Click on the Calculate button. . 

Time for a cup of tea?  

The calculation progress will be displayed on the screen.  
Because the calculations are performed in a separate Windows thread, you can 
still use Salsa. 

Note: You can press the Abort button to cancel the calculations. 
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The results of the calculations are shown in the next section: 

 

Viewing (M)ODFs with 3DView 
Once an (M)ODF has been calculated, you can view it in several ways - 
3DView, Browser and Serial Sections. 

On the right of the 3DView window, there is now a slider. You can adjust to 
make parts of the ODF transparent, as shown below. This is very useful for 
viewing structure inside the ODF. 

 
 

 

Deleting an (M)ODF 
To delete an (M)ODF, either :  

Press the Remove (M)ODF icon, , or 
Select the Edit | Remove (M)ODF menu item. 

Changing (M)ODF parameters 
To change the (M)ODF method and parameters, 

Select the Edit | This (M)ODF | (M)ODF wizard menu item and follow the 
wizard steps as explained in the previous section. 

 

 

Reviewing the (M)ODF parameters 
To review the (M)ODF parameters, 

Select the Edit | This (M)ODF | Parameters menu item. 

Pressing the Calculate button will cause the (M)ODF to be recalculated. 
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Browsing a section through the (M)ODF 
To browse a section through the (M)ODF, either :  

Press the Section Browser icon, , or 

Select the View | Browser menu item. 

 

The following Section Browser window will appear and the position of the 
section will be shown on the 3DView (M)ODF image in red.  

When you move the mouse over the section, the Euler angles and density for the 
relevant point will be displayed at the bottom of the window. 

 

 
 

The buttons on the right have the following functions: 

 

 

Adjust the position of the section with the top spin control. The 
position of the section is displayed to the left of the control, e.g. 

 

 

Select the section by clicking on the phi, Phi or phi2 button. 

 

Adjust the step size for section positioning with the middle spin 
control, the step size is displayed above. 

 

Click on one of these buttons to view a horizontal or vertical 
density profile. 

 

You can adjust the profile sampling width with the bottom spin 
control, the width is displayed above it. 
Note: This only affects scattered data. 
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A right click on the section will display a pop-up menu. 

Clicking on Contour Manager... will display a dialog box that allows you to 
define the contour levels, see later. 

You can change how the density data is displayed by selecting Contour lines 
and/or Colors, as shown below. 

 
 

The Export menu allows you export the section to file or to the clipboard in a 
variety of formats. 

 

 

 

 

 

 

 

 

Contour Manager 
Contour manager allows you to define the contours used for displaying ODF 
density data. The minimum and maximum for the current (M)ODF are displayed 
at the top right of the window. 
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If you click on an entry in the Contour list (on the left) then you can change the 
Pen Style and Value by clicking on the relevant button. 

If you enter a value in Step width, or Number of lines and press the Apply button, 
Salsa will automatically create the relevant contour lines for you. 

 

Contour manager also allows controls the settings for the simulation of ideal 
orientations. 
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Density profile 
Click on the Horizontal  or Vertical Density Profile icons,  or , in Section 
Browser to display a density profile along a line.  
Note: This is a simple way to generate fibre plots. 

Tip: Density Profile can also be accessed via the View | Density Profile | 
Horizontally or Vertically menu items when section Browser is enabled. 

 

Note: Local maxima are 
automatically searched for, 
out to a distance defined by 
the profile sampling width. 

Move the cursor over the Browser Section to change the position of the line 
along which the density profile is shown. The Euler angles for the line are 
shown at the top right of the window.  

 

 
Click on the Section Browser window with the left mouse button to freeze the 
Density Profile. 

Click on the Density Profile window with the right mouse button to Export Data 
to file or change the graph Preferences. 
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Serial sections through an (M)ODF 
To view serial sections through the (M)ODF, either :  

Press the Serial Sections icon, , or 
Select the View | Serial Sections menu item. 

 

The following example shows an amalgamation of serial sections in four 
different styles: 
Left) scattered data; Top) Rainbow coloured densities; Right) contour lines using 
rainbow colours; Bottom) densities with black contour lines. 
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Serial Section Preferences 
Click with the right mouse button on the serial section to display a pop-up menu. 
Select Preferences for Serial Sections or select the Preferences | Serial 
Sections menu item from Salsa. 

 

The Serial Sections Preferences tabbed dialog box will appear. The tabs give 
access to different pages of settings. 

On the right of the dialog box is a preview of the serial sections layout. 

 

 

Click on the Arrangement tab and select an Euler angle from those in the 
Sections at: group box.  

Note: Euler1 is phi1, Euler2 is Phi, Euler3 is phi2. 

You can also choose the Number of sections and whether to include a Legend. 

 

The Aspect ratio tab allows you to define the shape of the "paper" you want the 
serial sections drawn on.  
Note: Only the ratio between width and height is used. 

The Margins tab allows you to enter margins around and between the sections. 

Press the OK button when you have finished. 

 

 
 

 

Viewing Ideal Orientations 
One of the challenges with Euler space and ODFs is to recognise common 
textures. To make this easier, there is a facility to simulate and view ideal 
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orientations. It is easy to create ideal orientations, see the section on Ideal 
Orientation manager in the chapter on Project Manager. 

Select the View | Ideal Orientations menu item in Salsa. 

 
Double click on the Color block in the Ideal Orientations window to change the 
colour. Hints (yellow labels) are useful for identification. 

 

 
Use the Ideal Orientation 
Manager in Project Manager 
to create new textures. 

The example below shows an aluminium specimen with two strong fibre 
textures. Simulations for <111> and <100> fibre textures parallel to the 
specimen normal have been overlayed on the phi1 serial sections. 

 

 
You can also see the simulations in the 3DView window and Browser. 

 

 

You can change the settings for the simulation via Preferences | Contour 
Manager... Select the 3D View of Ideal Orientations tab. 

Contour level controls the spread in the simulated ideal orientation, a value of 
10-15° is usually appropriate. 

Press the Change Style button to change the width of the contour line used to 
draw the simulation. 
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Texture coefficients 
 To view the actual Texture Coefficients, select the View | Texture Coefficients 

menu item.  

 

 
 

Click on the window with the right mouse button to Export the data to File or 
Clipboard. 

 

The ASCII text file that is exported has the following format: 

i L Mu Nu Re  Im 
1 0 1 1 11882.000 0.000 
2 4 1 1 51947.300 0.000 
3 4 1 2 -2183.100 0.000 
4 4 1 3 9650.440 0.000 
5 6 1 1 -25829.700 0.000 

... 

 

You can import your own texture coefficients via the Edit | ODF from External 
Coefficients... menu item. An ASCII file is expected with the above format. 

 

Export 
 

 

A right mouse click on the (M)ODFs on the serial sections will display a pop-up 
menu with commonly used functions.  

 

 

The Export menu allows you to export (M)ODFs directly to the printer, a file, a 
Word, a PowerPoint document or to clipboard (further information can be found 
in the Export chapter in Tango). 
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Salsa - introduction to ODF 
calculations 

Introduction 
The Orientation Distribution Function (ODF) is a means of representing 
preferred orientations for materials. It is a four dimensional object - the four 
dimensions being the three Euler angles and a density value corresponding to 
how strongly a particular orientation appears. This strength is expressed as a 
ratio to that expected for a completely random distribution of orientations. 

The ODF approach to texture measurements has many strengths and a few 
weaknesses (e.g. there is no intuitive connection between Euler space and 
specimen (i.e. physical) space). There is also a vast reservoir of experience and 
experimental X-ray diffraction data, much of it in the form of ODFs, that can be 
tapped in to.  

EBSD orientation measurements are complete (unlike X-ray which usually 
measures the distribution of poles) and can also be related to microstructure (via 
Tango) and expressed as misorientations which can also be plotted in Euler 
space using Salsa. Neither of these approaches were practical using conventional 
X-ray diffraction and it is clear that EBSD texture measurements can rival those 
made by X-ray methods in both speed and accuracy. 

 

For an in depth explanation of ODFs, the reader is referred to H.-J. Bunge’s 
book Texture Analysis in Materials Science, (Cuviller Verlag, 1993, ISBN 3-
928815-18-4). 
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The result of an (M)ODF calculation 
The result of an (M)ODF calculation is a three-dimensional array of densities, 
expressed as multiples of the random orientation distribution function. Each 
array item represents a cell with a certain width. The parameter Resolution 
which has to be specified in the first tab of the (M)ODF Parameters dialog box 
determines the resolution with which the (M)ODF is calculated.  

Note that the calculation routines operate internally with cell widths chosen so 
that the number of cells in each direction ϕ1,Φ, and ϕ2 gives a power of 2 (2, 4, 
8, 16, etc.).  

The larger the values of Resolution, the longer the time taken for the 
calculations. A value near 8x8x8 is a good compromise between accuracy and 
calculation speed. 

Equivalence of orientation and misorientation 
In the calculations, both orientations and misorientations are considered as sets 
of Euler angles. Therefore, no difference is made mathematically between 
orientations and misorientations, neither for their calculation nor for the 
displaying of results in Euler space 

Determination of misorientation 
In the Salsa software the misorientation gij

m
 is calculated between the 

orientation  of a grid point and its nearest neighbour gi g j  (two per point, one 
to the right and one below) using the following equation: 

g gij
m

i j= −1.g  

The critical misorientation angle (accessed via the Project | Properties menu and 
selecting the ‘Misorientation’ radio button) is used to filter out orientation noise. 
See the Glossary entry for more information. 

 

Coordinate systems 
Note that there are two coordinate systems the data can refer to, namely the 
sample coordinate system  (usually expressed as rolling, transverse, and 
normal direction) and the coordinate system of the acquisition surface CS . If 
these two coordinate systems are not identical, it is of major importance for the 
results obtained with Salsa to choose the correct coordinate system. This can be 
accessed by the Project | Properties menu and selecting the relevant radio button  
under Coordinate System. 

CS0

1

This problem is only relevant for the orientation distribution function, since a 
misorientation is basically the rotation between the crystal coordinate systems 
( CS  and ) of neighbouring measurements. It is thus not influenced by 
the choice of the reference coordinate system. 

i2 CS j2

Calculation methods 
Two different calculation methods can be applied:  

1) the Gaussian kernel estimation and  
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2) the Series expansion method.  

Common to both methods is, that each measured point in the Euler space is 
approached by a Gaussian distibution around the actual Euler position (Bunge 
1985a) with a given half scatter width Ψ0  (The half scatter width is here 
considered to be the angular distance from the peak to where the probability has 
decreased by a factor of 1/e). Furthermore, a weight  is assigned to each point. 
This weight is typically set to 1/N (N: number of measurements), except when 
the data is clustered (see next section). 

The (M)ODF calculation is usually a time consuming process. The more data 
points that have to have to be considered, the longer the time taken for 
calculation.  

 

To speed up the ODF calculations in Salsa, a clustering of the data can be 

performed. This means that the Euler space is divided into cells of the size ∆g  
(the width of these cells is specified by the parameter Cluster Size (in the tab 
Clustering of the (M)ODF Parameters dialog box). Subsequently, the number of 

measurements  falling into each cell is counted. A new data set is created, 

expressed by the coordinates of the center of each cell and the weight as 

ng

n Ng  
(‘Clustering’). As a result of this operation, there are usually fewer points to 
consider. The results are only slightly influenced by the Cluster Size, so long as 
it is not too large. 

 

Gaussian Kernel Estimation 
As already mentioned, each point in the Euler space is approached by a three-
dimensional Gaussian distribution function with a half scatter width Ψ0  and a 
weight W . Additionally, a cut-off of the Gaussian distribution function can be 
defined. Outside this cut-off, measured from the center of the Gaussian, its 
probability is set to zero. (Note that at a distance of 3 times the half scatter width 

 from the center of a Gaussian distribution function, the probability has 
decreased by a factor of 0.0001). Since the Gaussian kernel estimation is 
basically a summation of the single distributions, the choice of the cut-off also 
influences the computing time.  

i

Ψ0

The a priori result of the Gaussian kernel estimation is a three dimensional 
distribution function whose ‘4D-volume’ is 1 (unity). This is much the manner 
as a one dimensional Gaussian distribution can be normalised to unity by 
integrating the area under the curve and dividing by the number you first thought 
of. 

In order to obtain the densities as multiples of the random distribution function, 
such a random distribution function is internally created by the software (whose 
“4D-volume” is again unity). The density of each single cell in the Euler space is 
then corrected simply by dividing the value of the estimation by the value 
obtained from the random distribution. 

When calculating the random distribution function, it is assumed that the 
probability in this case is  

 

P( ) sin( )ϕ ϕ1 2Φ Φ∝      (1) 

(Bunge, 1993, Texture Analysis in Materials Science, ISBN 3-928815-18-4) 
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Series Expansion Method 
The principle of the series expansion method consists of two steps: 

Calculation of the so-called texture coefficients (which are coefficients of the 
series expansion method) 

Calculation of the (M)ODF out of the texture coefficients 

The calculation of the texture coefficients requires again a half scatter width of 
the Gaussian distribution function which approaches each data point in the Euler 
space. Unlike the Gaussian kernel estimation method, no cut-off is needed. This 
becomes apparent if one looks at the equation for the calculation of the 
coefficients C : mn

1
 

( )

C
N

l l

T gl
mn

l
mn

i
i l

N

=

−
⎛
⎝
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Ψ Ψ

Ψ
   (2) 

N : number of data points 

Ψ0  : Gaussian half scatter width (to be specified by user) 

l  : Highest harmonic (to be specified by user) 

T : generalised spherical harmonic function 

m, n : Indices refering to crystal (m) and sample symmetry  (n). 

 

The highest harmonic l can be understood as an upper cut-off of the series 
expansion. The lower this value, the less accurate the result. The larger this 
value, the longer the calculation time. Appropriate values range between l=11 
and l=22. 

 

Recommended Parameters for ODFs 
The following recommendations are mostly based on limited personal 
experience. They should not be regarded as definite rules. Some experimentation 
with the parameters will be necessary. 

 
Parameter Gaussian Kernel Estimation Series Expansion Method
Clustering <5° <5°
Resolution 16 x16 x16 16 x16 x16
Half Scatter Width 2° to 5°
Cut-off 2 to3 x Half scatter width -
Highest harmonic - 11 to 22  

Comparison of the Calculation Methods 
A limited comparison of the two methods has been carried out for several sets of 
data. The results were qualitatively the same with similar surfaces appearing, the 
relative intensities tended to differ though. 

However, since these two algorithms are completely different in their 
approaches, one must expect different results, at least quantitatively. It is also 
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difficult to carry out a meaningful comparison, since the parameters used are 
different and not really compatible. 

The first point of major importance is that the results of the Gaussian kernel 
estimation have to be normalised to multiples of a “random distribution”. As can 
be seen from equation (2), this “random distribution” approaches zero at very 
low values of the second Euler angle Φ and the values become unrealistic (as 
Θ Θ→ → ∞0 1, sin( ) ). As a consequence, the Gaussian kernel estimation 
seems to overestimate the densities, especially for low values of the second Euler 
angle Φ. 

In the series expansion method no such extra normalisation is needed, the 
“inventors” of this method claim that the results are normalised with respect to a 
random distribution per se. This method seems therefore to have some 
advantages over the other, and is more often used in literature. A disadvantage is 
that it can give nonsensical negative values (seen as obviously “wrong” colours 
in the ODF).  
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Subsets 

Chapter Overview 
Subsets are a core concept within the CHANNEL suite of programs. They allow 
the user to select data on a wide variety of criteria and to manipulate and display 
this data separately, i.e. as a subset of all the data. 

The user may want to work only with data from a particular group of grains near 
a crack or to display data for grains that are within 10° of a <100> fibre texture 
parallel to the specimens X-axis or to locate the few cube orientated grains in an 
assemblage that are mainly random in orientation. 

All of these can be achieved with relative ease using subsets. 

Each of the packages can create different sorts of subsets which are accessible by 
the other packages. Project Manager can also combine the subsets together in 
different ways, e.g. show data in subset1 but not in subset2. 

The data that is not in the current subset is known as the anti-subset and it can 
either not be displayed at all or it can be displayed as a different colour. By 
default the anti-subset will be toned up (colours will appear lighter); this 
behaviour can be changed. 
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Project manager and subsets 
Using Project Manager, subsets can be created, examined, saved and combined.  

Click on the Subsets button in Project Manager window to view the subsets 
panel. 

The subset names are displayed in the Projects treeview. The complete data set 
(Complete) is shown as ; a subset as .. Keep the mouse over a subset to view 
information about a subset or project. 

 

 
 

Click on a subset to select it - the other programs will respond to the change in 
current subset. 

Keep the Shift key pressed and click again to select two subsets. A red tick will 
appear in front of the selected subsets as shown above. 

 

Button Function 

 

Adds a new subset to the project - you will be asked for a name for the 
subset.  

 

Deletes the selected subset. 

 
Rename the current subset. 

 

Loads a subset mask (*.SUB) from file. The subset mask tells Tango 
which points are in the the subset. 

 

Save the current subset to a subset mask (*.SUB) or as a new project 
(*.CPR).  

 

Sets all the points in the current subset to Zero solutions. 
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Sets all the points in the current subset to a particular phase (this phase 
must be already in the project – therefore this will only work on projects 
with more than 1 phase) 

 

Combines the two currently selected subsets. All the points in both 
subsets will be merged in to a new subset. 

 

Combines the two currently selected subsets. Points that appear in both 
subsets will not be included. 

 

Combines the two currently selected subsets. Only points that appear in 
both subsets will be included. 

 

Inverts the current subset. Points that were not in the old subset will be 
in the new and vice versa. 

 

In a map, this will increase the size of a subset by 1 pixel in all 
directions. This is useful for selecting boundary zones between different 
subsets. 

 

Generates a subset based on the EDS counts. The subset can be defined 
by the ratio of counts between two EDS windows. 

 

Subsets are explained in more detail in the following sections, where worked 
examples are given. 

 

Creating a new, empty subset 

 

To create a new, empty subset, switch to Project Manager, select the Subsets 
panel and click on the Add button.  

Type in a name for the subset in the dialog box that will appear. 

Press the OK button. 

 

 

Renaming a subset 
When a new subset is created, a default name will be suggested, e.g. Subset 1, 
this can be changed to a more meaningful name, e.g Large Grains, at this point. 
Subsets can also renamed at a later stage. 

Click on the Rename button in the Subsets tab of the Project Manager.  

Enter a new name in the dialog box that will appear and click on OK. 

Tip: Avoid using identical names for two subsets of the same project. 
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Assigning a subset to a phase 

 

For all the indexed points in a subset, the phase may be changed using the 
“phase” button. The subset can be based on a criterion such as the EDS, see the
worked example in section “Using EDS Counts to create subsets” in this
chapter.  
 
 
Note: This is useful if the two phases are crystallographically similar. Otherwise
the Euler angles can be normalized, but this is not recommended. In such cases
where the crystal structure is different, it is recommended to reanalyze the points
with saved EBSPs, see the chapter on Flamenco-Advanced acquisition, section 
“Re-analysing Projects Offline”. 
 
 
Tip: Tick the “Also include zero solutions” in designating the new phase in the
subset, when you want to include all the points in the subset for reanalysis (not
only the indexed points). 
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Mambo - adding data to a subset 
The following worked example shows how to add data to a subset from a pole 
figure. 

1) Open the AL_2.CPR project by clicking on the Open icon, , and double 
clicking on the AL_2.CPR file.  

2) Press the Subset selection icon, , to view the subset selection tools. 

 
 

 
Select Rectangle - click on a corner and drag outwards 

 
Select Circle - click on the centre and drag outwards 

 
Select Ellipse- click on a "corner" and drag outwards 

 
Additive - points are added to the subset  

 
Subtractive - points are removed from the subset  

 

4) Click on the circle selection tool and the + button. 

Note: Because a pole has 
other equivalents (e.g. 100, 
010, 001) you will also get 
poles outside the region. 

5) Click at the centre of the pole figure and drag outwards as shown below. The 
new subset should appear as shown on the right. It contains all those points that 
have a pole within the selected region. 

 

 
Note: The anti-subset is hidden. You can do this by right click on the pole figure 
and selecting the Hide anti-subset menu item. 

You now have a subset that contains those points that are close to a <100> fibre 
texture parallel to the Z0. 

 
If you look at the map in Tango, you can identify the points (and grains) that are 
close to this fibre texture. If you invert the subset (NOT operation), you can find 
the points that do not have the fibre texture.  
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Tango - subset from parts of a map 
In Tango, you can add areas of a map to a subset using the subset tools. 

 
Note: You can create a new, empty subset in Project Manager via the Subsets 
panel and Add button. 

To view the Subset Selection Tools, click on this button, , in Tango or  select 
Edit | Subset selection... 

 
 

 
Select Rectangle - click on a corner and drag outwards 

 
Select Circle - click on the centre and drag outwards 

 
Select Ellipse- click on a "corner" and drag outwards 

 
Select Polygon - click and drag to draw an edge, double click to 
finished 

 
Select Grain - click on a grain to add/remove from subset. Note: Only 
available after grain reconstruction 

 
Additive - points are added to the subset  

 
Subtractive - points are removed from the subset  

 

The following image shows an map with a subset, the parts of the subset have 
been created using the indicated tools. 

 
 

 
After a grain reconstruction (Edit | Grain Area Determination), you will 
automatically be in grain click mode and can select a grain. 

 

If you then right click on the map, you have 2 subset options:  

If you click on Into current subset, you can add the Highlighted grain or 
Neighbours of highlighted grain to the current subset. 

If you click on As new subset, you can add One point per grain, One point 
per boundary or Points at random into a new subset. 
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Tango - subset from small grains 
In Tango, you can create a subset based on regions or grains in a map, or from 
data that is displayed as a graph, e.g. grain size, band contrast or cube texture. 

The following worked example shows how to locate small grains in a map and to 
add them to a subset. The subset could then be used in Mambo to generate a pole 
figure. 

 
1) Open the NICKEL.CPR example map. Click on the Open icon, , then 
select the CHANNEL\Examples directory and double click on the NICKEL.CPR 
file. 

 

2) Click on Edit | Noise reduction..., set Neighbours to 1 and press the 
Extrapolate button (in the Zero Solutions groupbox) until there are no zero 
solutions left.  

 

 

3) Select Edit | Grain Area Determination... and set Crit. misorientation to 10° 

Tip: 10° misorientation is appropriate for most materials.  

4) Use the Exclude dialog box to define boundaries that you wish to ignore 
during the grain size determination process: here enter the 60° <111> twin 
boundary as shown below. Ensure that the corresponding check box is ticked.  

 
Tip: Use Exclude to remove twin boundaries from grain reconstruction 

 

 

5) Press the Measure grain size button. 

Note: Tango will work out which adjacent measurements belong to the same 
grain and calculate parameters such as grain area and best-fit ellipse. 

 

 

6) Click on the Statistics button.  
Tip: Keep the mouse over a parameter to view a hint,  
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7) Select d [µm] as the Size parameter X , and remove the tick from incl. border 
grains. 

Tip: Grains that touch the borders of the map are usually incomplete and are 
normally excluded from the statistics. 

You should see something like the following grain diameter distribution. 

 
 

 

8) Right click on the graph and select the Set Min/Max... menu item. 

9) Enter 0 for the minimum and 6 for the maximum value.  
Click on OK. 

Tip: You can also click on the graph and drag to the right to zoom in. Click and 
drag to the left to reset the graph. 

 

10) Right click on the graph and select the Range to subset... menu item 

11) Enter "Tiny grains" as the name for the new subset. Click on OK. 

12) Click on the Close button in the Grain Statistics window. 

13) Click on the Close button in the Grain Size Measurement window. 

 

14) Click on the View | Grains in Random Colors menu item. 
 

The subset should highlight the small grains in the map, as shown below: 
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Salsa - adding data to a subset 
The following is a worked example on how to add data to a subset in Salsa via 
Section Browser. 

 

Open the AL_2.CPR project by clicking on the Open icon, , and double 
clicking on the AL_2.CPR file in the CHANNEL5\Examples directory. 

Click on the Project | Properties menu item to display the (M)ODF properties. 
Select Orientations and Sample Primary (CS0).  

 

Click on the (M)ODF window with the right mouse button and select General 
Preferences... to display the (M)ODF General Preferences dialog box.  

Select the Subsets tab and make sure that Hide anti-subset is not ticked. 

Select the Display tab and change the Symbol size to Medium. This makes it 
easier to see which points are in the subset and which are in the anti-subset. 

Press the OK button. 
 

Press the Section browser icon, , in the Salsa toolbar.  

Adjust the section until the φ1=90° section is showing using the icons on the 
right hand side of the Section Browser window. 

Press the Subset selection ,icon, , the following window will appear. 

 
 

 
Select Rectangle - click on a corner and drag outwards 

 
Select Circle - click on the centre and drag outwards 

 
Select Ellipse- click on a "corner" and drag outwards 

 
Additive - points are added to the subset  

 
Subtractive - points are removed from the subset  

 

N.B. If this button is pressed when there are no subsets, one will automatically 
be created and you will be prompted for a name. 

 

Click on the Select Rectangle tool. A lowered border will appear around it to 
show that it is active. 

Click and drag the mouse over the cluster of points at the bottom right of the 
section.  

Click on OK when asked for a subset name. 

This is shown in the following image (left) with the result of the operation 
(right). 
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The data selected in the subset can now be used by the other programs or 
combined in Project Manager with other subsets. 

 

Change back to small symbols for later use. 

Click on the (M)ODF window with the right mouse button and select Preferences 
to display the (M)ODF General Preferences dialog box. 

Select the Display tab and change the Symbol size back to Small.  

Press the OK button. 

Combining and inverting subsets 
Once subsets are created by any of the programs, they can be inverted (the subset 
becomes the anti-subset and vice versa), or combined with each other.  

This provides an easy way, for example, of finding those points that have a 
particular fibre and are in small grains. 

Tip : When Inverting or Combining Subsets, a new subset will always be 
created. Your original subset(s) will not be changed. 

As an example, start Tango, open the project Alumin.cpr in the “Examples” 
directory, and create an All Euler map. 

 

Click on Edit | Subset Selection in Tango’s main menu, or, alternatively, click 

on the icon  in Tango’s toolbar. The Subset Selection Tools window will 
appear.  

Select a rectangular subset tool (the first icon). You will be asked if you want to 
create a new subset (click on Yes) and for a name for the subset (leave it as 
‘Subset1’). 
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Create another new subset in the Project Manager by clicking on the Add button 
in the Subsets panel. Choose ‘Subset2’ as the name for the new subset. 

Go back into Tango’s Subset Selection Tools window and select the circle tool. 
Draw a circle that partially overlaps the rectangle you drew for Subset1. 

 

 

Tip : The Circle Tool takes the point you first click on as the centre of the circle. 

Go back into Project Manager and select both subset1 and subset2 by clicking 
on them in the list while keeping the Ctrl or the Shift key down.  
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Press either the OR, XOR or AND button. Enter a name for the subset (stay with 
suggested ‘Subset3’). When you  switch back to Tango, the map should look like 
one of the following : 
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Tip : OR will merge two subsets together; AND will find those points they share 
in common; XOR will find points that are in only one of the subsets. NOT will 
invert the subset. 

 

Subset selection from histograms 
Tango and Mambo offer a facility for creating subsets from a variety of 
histograms, e.g. the grain size distribution histogram in Tango, and the pole plot 
histogram in Mambo.  

The basic idea behind this is that the user may want to create a subset from all 
data points that contribute to a certain range in the histogram, e.g. all data points 
with a Band Contrast larger than 70 but smaller than 100. 

 

An easy way to find out whether or not a histogram allows for the creation of a 
subset is by clicking on the histogram with the right mouse button. If the 
appearing pop-up menu contains the item Range to Subset..., the range on the X-
axis which is currently displayed in the histogram can be used to filter data into 
a subset.   

 

As an example, start Tango, open the project Alumin.cpr, and create a Band 
Contrast map.  

Display the legend for this map by clicking on View | Legend in Tango’s main 
menu, or, alternatively, clicking on the icon  in Tango’s toolbar.  

The range on the X-axis of the Band Contrast histogram can be changed by 
clicking on the menu item Set Min/Max... in the same pop-up menu. Or you can 
click on the histogram. 

 

 
 

Tip : Click on the graph and drag to the right to zoom in. 

Click and drag to the left to zoom back. 
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Finally, select the Range to subset... menu item in the pop-up menu. You will 
be asked for a name of the new subset. 

Type in a name and press OK. The new subset will be created. 
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Saving subset masks 
Creating subsets can be a time-consuming process. You may therefore wish to 
store a subset mask for later use. This can be done via the Load... and Save... 
facility in the Subsets tab of the Project Manager. 

To save a subset to disk click on the Save.. button 

Tip : A subset can be stored as either a subset mask (*.SUB) or as a new project 
(*.CPR).  

  
 

Select the appropriate file type in the drop down list at the bottom of the Save 
Subset As... dialog box. 

 

Note: If you store a subset as a new project, the Project Manager analyses the 
subset to see if it is rectangular with respect to the mapping. Non-rectangular 
subsets result in projects that are not in grid mode. They can therefore not be 
viewed in Tango, but still with Salsa and Mambo. 

 

Tip: Subset files (*.CPR) are much smaller than new project files 
(*.CPR+*.REC). All they contain is a series of Booleans, 1=’in the subset’ and  
0=’not in the subset’. In Alumin.cpr (40.000 data points) a subset file is always 
just 5kB long, a new project of an ‘average’  subset of say 50% of all data points 
needs approx. 411kB. For most tasks, there is no need to create an extra project 
out of a subset.   

Loading subset masks 
To load a subset mask from disk, click on the Load.. button, then select a subset 
file.  

Note: The Project Manager will only load subset files which are the appropriate 
size.   
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Setting the data points of a subset to zero solutions 
(nullifying) 

There are many cases where you may wish to remove data points  from a project, 
especially when you don’t trust the indexing of certain points or phases. One 
way is, of course, using the Set To Zero click mode in Noise reduction (Tango), 
but there is a faster facility for setting an entire subset to zero solutions.  

One example could be a EDSB data set from a very rough specimen where poor 
EBSD images can lead to mis-indexing. There is facility in the acquisition 
software for filtering such points, but let us assume that this has not been 
applied. In this case the suspect points will be those with low Band Contrast, say 
below 50. The following worked example explains how to remove those dubious 
points. 

 

First, create a subset using the Band Contrast legend histogram in Tango. 
Specifying a band Contrast range of, say, 0 to 50.  

Click on Nullify in the subset tab of the Project Manager. You will be warned 
before the action is carried out:  

 

 
 

Click Yes to set the entire subset to zero solutions.  

These points can later be filled in by using the Noise Reduction facility in Tango. 

 

Using "Dilate" to analyse the interface between 2 
subsets 

In this example, the function "Dilate" will be used to study the interface between 
2 subsets in a geological dataset. 

This dataset (courtesy of Angela Halfpenny, Liverpool University) has a number 
of large grains and a surrounding matrix of much smaller grains.  
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The relationship between these two grain types can be investigated using the 
following steps: 

1. Perform a grain size analysis and identify the cut-off threshold between the 
small and large grains. 

2. Select the small grains (use the grain size list – click on the column header 
to sort the entries, and then select the relevant sizes) 

  
3. Enter the small grains into a subset (right mouse click on the grain list and 

enter them into current subset) 

4. In project manager, invert the subset 

5. Now dilate each of the subsets by 1 pixel, by clicking on the dilate button 
once. 

6. Now select both the large and small datasets, and combine them using the 
"AND" operand. Give the new subset a name 

7. Examine the properties of the new subset (e.g. boundary misorientations) to 
determine the relationship between the large and small grains: 
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Using EDS counts to create subsets 
The simultaneous EDS study is a powerful tool to successfully analyse complex 
phase discrimination problems. In the following worked example, the function 
“EDS” will be used to create subsets with different chemistry by selecting a ratio 
of EDS counts between two of the present elements. 

Open the slag.CPR project in the CHANNEL5\Examples directory. 

 
The SEM image above shows orientation contrast using the FSD system from 
the region that was analysed with simultaneous EBSD-EDS. 

The dataset is collected from a slag sample (containing mainly calcium and 
aluminate phases). The main phases were indexed as Grossite, Gehlenite and 
fine grained phases indexed as Ca9Al6O18 and spinel. However the phase 
analysed as Ca9Al6O18 (a=15.3Å low cubic structure) showed a high 
concentration of Ti and low concentration of Al in the simultaneous EBSD-EDS 
map.  The actual phase is found to be CaTiO3 (a=3.8 Å high cubic structure). A 
subset of the Ti rich region can be created and reanalyzed as the actual phase. 
Follow the instruction out-lined below. 

1)   Open Tango and create a phase map with Grossite coloured in green, 
Gehlenite in blue, Spinel in red and Ca9Al6O18 in yellow. 
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2)  Create two maps using the EDS Counts Component for Ti and Al. From the 
element maps it is obvious that the phase indexed as Ca9Al6O18 does not contain 
Al, but Ti. 

=20 µm; Al_Ka; Step=0,5 µm; Grid225x169  

 
3)  In Project Manager, select the subset tools and click “EDS”. This tool is used 
to generate a subset based on the EDS data. The subset can be generated based 
on the ratio of counts between two EDS windows, 

k = e1/e2 

where k is the ratio of counts between EDS counts for element 1 and element 2. 

Note: this is not a stoichiometric ratio, but only a ratio of counts. 

4)  To create a subset of the Ti rich region for the CaTiO3 phase, select the first 
element as Al and second element as Ti and note the small peak below a ratio of 
7. Define a range for the ratio of the two elements (min 0 and max 7) to create a 
subset from this small peak, which is the region with a low ratio of counts for 
Al/Ti. 

The number of bins in the histogram can be altered accordingly to get a graph 
with suitable resolution. The number of bins is set for the whole ratio range in 
the data set, irrespective of the values used for min and max. 
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Tip: The peaks in the graph can be used to find a suitable value for the min and 
max. If you click on the ‘swap’ button it will show the ratio of Ti/Al, but in this 
example the high Ti reach region does not show a distinct peak.  It is a very 
broad and low height peak, which needs to be set over a large range at the high 
ratio end.  This may make it difficult to specify the values for the min and max. 

 

5)  Click on the preview button to check if the selected range is suitable. If not, 
change the min/max values and preview again. 
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6)  Click on OK to create the subset. 

Note: Be careful when using the EDS data to select a region for EBSD analysis. 
The resolution of the EBSD and EDS analysis are different, because the 
interaction volume for X-ray is about a micrometer whereas for EBSD in tens of 
nanometers. 

7)  Select the subset in Project Manager. Go to the subset tools and click 
“Phase”. This will set the indexed points in the current subset to a new phase. In 
this case select the phase CaO3Ti. 

 
 

Note: If the phases do not have the same crystal structure, then it is 
recommended to reanalyse the points in the subset. Tick the “Also include zero 
solutions” box for reanalysis of all the points in the subset. The reanalysis can be 
done on the stored EBSPs and “Locking” the subset to the chosen phase. See the 
section in Falmenco “Re-analysing Projects Off-line” to ‘Lock reanalysis to 
phase of original data’. 

However in this example the structures for CaTiO3 and Ca9Al6O18 are similar 
and the phase discrimination with the other phases has been very successful 
using EBSD alone, therefore the subset can be selected solely based on the 
EBSD data. 
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Open map components (OMC) 

The Concept of open map components 
The concept of map components, first introduced in the CHANNEL+ ICE 
software, offers a high degree of freedom for customising the way of displaying 
EBSP data in maps. After a relatively short learning process, every user can 
design his own component library and store it for later use. This approach has 
been welcomed by our customers since it is easy to use and very flexible.  

Apart from two completely new map component types, one for plotting Schmid 
factors for each data point, and another for drawing CSL boundaries, we have 
decided to implement a tool for linking in Open Map Components (OMC). The 
idea behind that is, that users develop their own methods of displaying data, and 
put them into calculation routines in Dynamic Link Libraries (DLLs) using their 
preferred programming language: 

 

 
Once a OMC has been created and tested, it can then be used like any other map 
component, i.e. by a simple drag and drop action in the Map Composer dialog 
box in Tango. 

Tango allows for two different kinds of OMCs. The first one calculates a value 
for each point, which is plotted in the map according to a certain colour scheme, 
like the Band Contrast map component (Value-OMC). The second one calculates 
a colour value for each point, which is directly plotted in the map (Colour-
OMC). 

TaylorCubicX.dll as an example of an OMC 
Your default component library already contains the map component 
TaylorCubicX.dll which is making use of this technology. Two other OMCs, 
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TaylorCubicY.dll and TaylorCubicZ.dll ship together with CHANNEL5, and can 
be found in the directory where the package has been installed.  

We would like to thank Dr. 
Wolfgang Tirschler and Dr. 
Cesar Buque from TU 
Dresden, Institut für 
Physikalische Metallkunde, 
Helmholtzstrasse 7, D- 01062, 
Dresden, Germany, for the 
fruitful collaboration, and 
Prof. Werner Skrotzky for 
helping to make this project 
come true. 

The DLLs calculate Taylor factor maps for cubic sample symmetry and for 
uniaxial load parallel to the X (Y,Z) direction of your acquisition surface. These 
DLLs have been developed in a joint project between HKL Technology and TU 
Dresden, Germany.   

Explore the property dialog box of this map component by selecting 
Components | Component Manager.... Mark the map component Taylor Cubic 
|| X component and click on the button Properties (or just double click the map 
component in the list).  

You can now look through the tabs and see what the default settings are. 
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Linking an OMC into Tango 
 

Tango provides a Open Component which is meant as a ‘docking station’ for 
OMCs. In order to link a OMC into Tango, one has to create a new Open 
Component. In order to do that, enter the Component Manager dialog box by 
selecting Components | Component Manager....  

As an example, we will link in the TalorCubicY.dll which ships together with 
CHANNEL4. Refer to the previous chapter for a short explanation what this DLL 
calculates. 

Press the  button and select from the Component Gallery dialog 
box, tab Grid Components the icon for a Open Component, and press OK. 

 

 
 

You will automatically enter the dialog box Properties for Component. 

In the General tab, you can specify the name for the component, and its limits. 
Unlike in the hard coded map components, such as Band Contrast or Texture 
Component, you are here allowed to specify the theoretical limits of the map 
component. The symbol associated to OMCs illustrates the fact that OMCs are 
physically dynamic link libraries (DLLs).  

Type in Taylor Cubic || Y into the Name field and specify reasonable theoretical 
limits for the component (e.g. 0 to 5).  
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The controls in the tab Color Scheme are the same like for any other map 
component, that represents one single value to be plotted, e.g. Band Contrast.  

 

 
 

Note that these settings do not have any impact on the map if the OMC 
calculates a colour instead of a value. The component Taylor Cubic || X 
calculates a value instead of a colour, that’s why you can modify the colour 
settings in the map by varying the parameters in this tab. 

In the tab Dll Specification the location of the DLL on the disk has to be 

specified. Use the  button to browse the disk(s) for the DLL you want to link 
in. In this case, select TaylorCubicY.dll which can be found in the directory 
where the CHANNEL 5 package has been installed. 
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If a project is loaded into Tango, the button  is enabled. Click on it in 
order to perform a test run of the calculations. The progress of the calculations 
will be reported and a Stop button appears whereby the calculation can be 
aborted.  

 

 
 

After the calculations you will get informed about the success of the 
calculations: 

 
 

Use the controls in the tab Histograms to modify the settings for the legend 
histogram like in any other map component. 

If you don’t perform the test run of the DLL, the calculations will be started the 
first time it is applied to a map, that is after dragging this component onto a 
phase in the Map Properties dialog box. 

Once a OMC has successfully finished its calculations for a map, it usually 
won’t be asked again to do that as long as it is in the map. However, you can 
force it to recalculate, e.g. after a noise reduction, by accessing the map’s pop-up 
menu (right mouse click over the map). Select the menu item Recalculate Open 
Component.  
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An OMC based map can be used like any other map, i.e.: 

 
• Combination with any other map component (e.g. the Grain 

Boundaries component), 
• Export to the clipboard, to the printer, or to a file, 
• Display of the legend (if the DLL calculates a value instead of a 

colour), 
• Creation of a subset based upon the legend (if the DLL calculates a 

value). 
• Use of the Current Record click mode to show the calculated value, 

resp. the colour (in RGB values), for a specific point in the map. 

Writing your own OMC 

Before you start programming 
Writing a OMC requires a basic knowledge of any of the common programming 
languages, which have the facility to create Dynamic Link Libraries (DLLs).  

Before starting to write such component, one has to decide carefully, whether it 
should be a Value-OMC or a Colour-OMC. In the case of one single parameter 
to map, for instance, you should decide for a Value-OMC. In the case of more 
complex tasks, on the other hand, it might be more convenient to select a Colour-
OMC. 

The Way an OMC is called from within Tango 
Whenever Tango asks for the result of the calculations in an OMC, that is either 
when drawing a map which contains such an OMC, or in a test run from within 
the dialog box Properties for Component, the corresponding DLL is loaded 
dynamically into Tango. 

If the specified DLL exists, Tango looks if it exports a function whose name is  

CalculateOpenColor.  

If it does not find it, it looks for a function called  
CalculateOpenParameter.  

If one of the two functions is found during this search sequence, it is 
subsequently called passing a few parameters to  the DLL.  

If the DLL does not exist, or neither of the two functions are exported, the user 
will get informed by Tango: 
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The DLL is released after having finished the calculations. 

The parameters passed to the OMC 
Both function calls CalculateOpenColor as well as 
CalculateOpenParameter pass certain parameters to the OMC, that is: 

 
• The filename of the project, 
• A pointer to a procedure for getting a value for a certain point in the 

project from Tango, e.g. Euler1 for point #1031 (point #0 being the 
upper left corner in the map) 

• A pointer to a procedure which transfers the result of the calculation 
for a specific data point back to Tango,  

• The number of cells in X-and in Y-direction, and finally 
• A pointer to an escape function which both passes the progress (in 

%) back to Tango and offers Tango the opportunity to abort the 
calculations. 
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Example OMCs written in Borland® Delphi™  
The easiest way of understanding how such an OMC can be designed, is to have 
a look at the source code of a working OMC. HKL Technology therefore 
provides the source code of a few examples, for Value-OMCs as well as for 
Colour-OMCs.  

The examples discussed in this section are written in Borland® Delphi™ (which 
is based upon TurboPascal™). They are called UserCompValue.dpr and 
UserCompColor.dpr, respectively, and can be found in the subdirectory 
\OMCExamples\DelphiOMC, starting from the directory where the package has 
been installed.  

The first OMC converts the first Euler angle of a measurement from radians into 
degree, and the second OMC takes the Band Contrast of each point and converts 
it into a grey value (like the standard Band Contrast map component when it uses 
its default settings). 

The code of UserCompValue.dpr is shown in the following listing: 
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Library UserCompValue; // HKL Technology 1999 
 
uses 
  SysUtils, 
  Classes::; 
 
const 
  { identifiers for the parameters user can have access } 
  ID_PHASE  = 0; 
  ID_EULER1 = 1; 
  ID_EULER2 = 2; 
  ID_EULER3 = 3; 
  ID_MAD    = 4; 
  ID_BC     = 5; 
  ID_BS     = 6; 
  ID_BANDS  = 7; 
  { } 
  MyPi = 3.1415926535897932385; 
  Rad2Deg = 180/MyPi; 
 
type 
  { type declaration for the procedures for getting a value from 
Tango... } 
  TGetFieldValue = procedure( FieldID, Index: integer; var Value: 
double);stdcall; 
  { ... and writing a value for the open component into Tango             
} 
  TPutFieldValue = procedure( Index: integer; Value: 
double);stdcall; 
  { ... and writing a color value for the open component into tango       
} 
  TPutColorValue = procedure( Index: integer; Value: 
double);stdcall; 
  { A function which is called regularly to give tango the 
opportunity to } 
  { interrupt the calculation and to display the progress                 
} 
  TEscapeFunc    = function(Percent: Double): Boolean; stdcall; 
 
 
{ the procedure which is called from Tango in order to calculate 
the      } 
{ values for the Open Component. GetFieldValue and PutFieldValue 
are      } 
{ pointers to the procedures in Tango for reading and writing 
values,     } 
{ XCells and are the dimensions of the grid.        
} 
{ The file name of the current project is passed in PrjFileName, so 
that  } 
{ it can be used for storing and loading results to/from disk. A 
repeated } 
{ recalculating can be avoided this way.         } 
{ The filename is without extension like .cpr or anything like 
that.      } 
function CalculateOpenParameter( PrjFileName     : PChar;    
                                 GetFieldValue, 
                                 PutFieldValue   : Pointer; 
                                 XCells, YCells  : integer; 
                                 EscapeFunc      : Pointer ): 
boolean; stdcall; 
var i,j      : integer; 
    value    : double; 
    E1,E2,E3 : double; 
    GetValue : TGetFieldValue; 
    PutValue : TPutFieldValue; 
    Escape   : TEscapeFunc; 
    N        : integer; 
    str      : string; 
begin 
 
  { if anything goes wrong and the procedure exits before reaching 
the    } 
  { end, false is returned and ICE knows that the calculation 
failed      }             
  Result := false; 
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{ In case the file name is used for something, convert it into a 
Delphi }            
{ pascal string like that          } 
  // str := StrPas(PrjFileName); 
 
  { Determine the 'length' of the project        }   
  N := XCells*Ycells; 
 
  { Typecasting for the put and get routines       } 
  GetValue := TGetFieldValue(GetFieldValue); 
  PutValue := TPutFieldValue(PutFieldValue); 
  Escape   := TEscapeFunc(EscapeFunc); 
 
  for i := 0 to N-1 do 
    begin 
    { pick up the first Euler angle         } 
    if @GetValue <> nil then 
      GetValue( ID_Euler1 , i, E1); 
 
    { convert the first Euler angle from radians to degree      
   } 
    value    := E1*Rad2Deg; 
 
    { write the value into Tango                    
} 
    if @PutValue <> nil then 
      PutValue( i ,value); 
 
    { send the progress in % to tango, if the function returns true       
} 
    { (tango has aborted the calculation) go out of the calculation 
loop  }             
    if Escape<>nil then  @
      if Escape(100.0*(i-1)/N) then 
        Exit; 
    end; 
 
{ Do not forget to set the result to true so that Tango knows that 
the }       
{ calculation has been successful        } 
  Result := true; 
end; 
 
exports 
  CalculateOpenParameter; 
begin 
end. 

 

The Colour-OMC work alike, except that the export function in the DLL should 
pass the pointer of a procedure which returns a colour instead of a value: 

 
 function CalculateOpenColor(  PrjFileName     : PChar;    
                              GetFieldValue, 
                              PutColorValue   : Pointer::; 
                              XCells, YCells  : integer; 
                              EscapeFunc      : Pointer ): 
Boolean;stdcall; 

 

NB.: If one compares the type declarations of TPutFieldValue and 
TPutColorValue one will see no difference. Consequently, it does not really 
matter which one is used in the DLL, since they are identical. For the sake of 
readability of the code, however, one should use the right one. 

You will also notice that TPutColorValue passes the colour back as a double 
precision real value, although a colour value is basically an integer. The reason 
for that is that Tango internally uses the same array for both a value (real) and a 
colour. If you design your DLL, you don’t have to worry about that. The only 
consequence is that you can theoretically pass a colour value, which is more 
precise than integer, which has no effect on the colours displayed on the screen. 
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Example OMCs written in Borland® C++ 
Builder™ 
In order to assist C++ software developers, HKL Technology has also provided 
examples in this language. We have selected Borland® C++ Builder™ for test 
purposes. However, the code should work with other C++ compilers with minor 
modifications.  

The project files are called UserCompValue.bpr and UserCompColor.bpr, 
respectively, and the C++ files are called UserCompValue.cpp and 
UserCompColor.cpp. They can be found in the subdirectory 
\OMCExamples\BorlandC++OMC, starting from the directory where the 
package has been installed.  

Like in the previous section, the first OMC converts the first Euler angle of a 
measurement from radians into degree, and the second OMC takes the Band 
Contrast of each point and converts it into a grey value. 

 

The major difference to the Delphi™ example is that the type declaration for the 
functions GetFieldValue, PutFieldValue, and EscapeFunc are done 
right within the parameter list of the functions.  

Note that passing a value to a function by reference can be done in C++ by the 
&-symbol which corresponds to the var syntax in TurboPascal. This is a 
requirement for the 3rd parameter in the function GetFieldValue function 
and must not be forgotten!  
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//--------- UserCompValue.cpp -(HKL Technology, 1999)--------------
--------- 
#include <vcl.h> 
//-----------------------------------------------------------------
-------- 
const int   ID_PHASE  = 0; 
const int   ID_EULER1 = 1; 
const int   ID_EULER2 = 2; 
const int   ID_EULER3 = 3; 
const int   ID_MAD    = 4; 
const int   ID_BC     = 5; 
const int   ID_BS     = 6; 
const int   ID_BANDS  = 7; 
const double  MyPi = 3.1415926535897932385; 
 
extern "C" int _stdcall _export CalculateOpenParameter(  
         char* PrjFileName, 
                                void (*GetFieldValue)(int, int, 
double&), 
                                void (*PutFieldValue)(int, double), 
                                int XCells, int YCel ls, 
                                bool  (*EscapeFunc)(double))::; 
 
 
int WINAPI DllEntryPoint(HINSTANCE hinst, unsigned long reason, 
void*) 
{ 
 return 1; 
} 
 
/*-----------------------------------------------------------------
------*/ 
/* the procedure which is called from Tango in order to calculate 
the    */ 
/* values for the Open Component. GetFieldValue and PutFieldValue 
are    */ 
/* pointers to the procedures in Tango for reading and writing 
values,   */ 
/* XCells and are the dimensions of the grid.            
*/ 
/* The file name of the current project is passed in PrjFileName, 
so that*/ 
/* it can be used for storing and loading results to/from disk. A        
*/ 
/* repeated recalculating can be avoided this way.                
*/ 
/* The filename is without extension like .cpr or anything like 
that.    */ 
/*-----------------------------------------------------------------
------*/ 
extern int _stdcall _export CalculateOpenParameter(     "C"  
       char* PrjFileName, 
                                void (*GetFieldValue)(int, int, 
double&), 
                                void (*PutFieldValue)(int, double), 
                                int XCells, int YCells, 
                                bool  (*EscapeFunc)(double)) 
{ 
  int    result= 1; 
  int    N; 
  double E1; 
  double Value; 
  double Rad2Deg = 180/MyPi; 
 
  N=XCells*YCells; 
  for (int i=0;i<N;i++) { 
    /* Pick up the first Euler angle */ 
    if (GetFieldValue != NULL) GetFieldValue(ID_EULER1,i,E1); 
 
    /* Convert the first Euler angle from radians to degree */ 
    Value = E1*Rad2Deg; 
 
    /* write the value back into tango */ 
    if (PutFieldValue != NULL) PutFieldValue(i,Value); 
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    /* send the progress in % to tango, if the function returns 
true    */ 
    /* (tango has aborted the calculation) go out of the 
calculation    */ 
     loop            */ /*
    if (EscapeFunc    != NULL) 
      if (EscapeFunc(100.0*(i-1)/N))  { 
        result = 0; 
        break; 
      } 
  } 
  /* Do not forget to set the result so that Tango knows whether or 
not */ 
  /* the calculation has been successful                           
*/ 
  return result; 
} 
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Forescatter System – 
Orientation Contrast Imaging 

Introduction 
The HKL Forescatter detector (FSD) system is designed to produce 
orientation contrast images from a wide range of materials. It uses 
multiple silicon diodes placed around the EBSD phosphor to produce 
microstructural images. For some materials, the top diodes (if present) 
will also produce an atomic number contrast signal. 

 

Using the FSD system 
 

 
 

When the KE backscatter amplifier (above) is first switched on, the 
system will be in VISUAL mode (button on the right). You should 
always use RECORD mode for FSD work – press the MODE button to 
change mode. 

The SEM should be in a slow scan mode (~10s per image). Averaging of 
the image will also help reduce noise. 

 

The FSD system will have between 1 and 6 diodes; these will be 
connected to between 1 and 4 channels (QUADRANTS) on the amplifier. 
You can enable/disable/invert a channel by pressing the QUADRANT 
buttons – green indicates the channel is enabled, red that it is inverted, no 
light that it is disabled. 

 

For most systems a GAIN setting of 2 or 3 is appropriate (the second or 
third GAIN light is lit). Sometimes level 4 is rquired 
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When first setting up the system, it is advisable to: 

• Set the GAIN to 2 (second GAIN light is lit)  

• Switch off all the quadrants except one, e.g. channel 1 

• Adjust contrast and brightness until a signal can be seen 

• Increase the GAIN if needed 

• Repeat for the other channels 
 

 
 

With FSD systems with many diodes, isolating the individual channels 
can give different signals: 
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Note: The Amplifier has an AUTOBRIGHTNESS control on the back; 
normally this should be switched off. 

 

Note: Some systems (mainly JEOL and Hitachi FEGSEMs) will also 
have an Auto Bandwidth option (ABW). This is not normally needed, but 
may be switched on (the switch is at the back) if desired. See the KE 
manual for more details. 

 

Note: If there is interference on the image, then check the grounding and 
shielding of the FSD cables and equipment. See the section called 
“Troubleshooting - interference” for more details. The effects of 
interference can be minimised by slow scanning and averaging.  

 

Tips for specimen preparation 
The forescatter signal is not very strong and is easily dominated by 
topography (roughness). For the best forescatter images, the specimen 
should be completely flat and featureless.  

It is recommended that mechanical polishing (with colloidal silica) is 
used rather than electopolishing (which can produce rough surfaces and 
highlight grain boundaries). With care, a very quick electropolish can be 
used to give the best surface finish without introducing too much 
topography. 

Rough features in a specimen, e.g. particles or dirt, will produce shadows 
in the image (see below). 

 

Example images 
When working at very low magnification, the forescatter images will 
have a varying background (as shown below).  

Objects that are above the specimen surface (e.g. particles or dirt) will 
cast multiple shadows, depending on the number of diodes in operation. 
An example is shown below where a piece of fluff (above the micron bar) 
has produced at least two shadows on its left-hand side. 
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When the magnification is increased, this background will disappear (as 
shown below). 

 

 
 

Note: Polishing tracks can be seen faintly in the image above. 
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Example EBSPs are shown from the various grains in the image above. 

 
 
 

Troubleshooting - interference 
The FSD is very sensitive to interference and poor earthing. External 
interference from mains (mainly) will show up as diagonal lines that 
obscure most of the orientation contrast (see below, left).  

Note: Always use the KE amplifier in RECORD mode and try the 
quadrants out separately (e.g. 1 on its own, then 2…) 
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The slope of the lines will be scan speed dependent and the lines can 
sometimes change slope mid-scan (see image below). If the lines are 
vertical, then the interference is probably coming from the SEM scanning 
system. 

Note: The KE amplifier manual also contains a troubleshooting section 
(page 5) 

 

Tips for removing interference: 

Make sure that all cables and switchboxes/connectors are shielded and 
earthed.  

Where possible, earth the KE amplifier and the EBSD camera at the same 
point, preferably on the SEM chamber. 

Plug the amplifier and camera into adjacent mains sockets - if 
interference is still present try other mains sockets.  

Try moving cables about to see if the interference changes.  

Interference can most easily be seen when the electron beam is off, as 
below. 
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Frequently Asked Questions, 
How Do I ... 

Overview 
This section contains a list of frequently asked questions: 

How do I... 

Convert all of my version 3.1 files to the new file format? 

Highlight a grain in a pole figure or ODF? 

Determine the percentage of the recrystallized/deformed fraction? 

Display a pole figure / ODF of the recrystallized/deformed fraction? 

Display a pole figure / ODF of the small (or the large) grains?  

Display a map for grains of a certain texture component? 

Determine the grain size statistics for a certain texture component? 

Determine the percentage of a certain phase in a project? 

Eliminate a phase from a Project? 

Rotate the EBSP data? 

Save modified project files? 

Prevent measured data files from being accidentally overwritten? 

Use my CRY files with the new indexing software, Flamenco? 

Produce a system report on my computer? 

Produce a system report for Flamenco? 
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Convert all of my version 3.1 files to the new file 
format? 

 

Select the menu item Project | Import | Previous Channel Formats in the 
Project Manager. The Import from Previous CHANNEL format dialog box will 
appear. 

Type in the source directory, e.g. c:\ebsdata, into the upper edit field, or click on 

  to browse for a folder.  

Tick Including subfolders if you wish to convert all *.prj files in the sub-folders 
of the specified folder. 

Then specify a destination folder (as above). 

Note: Error info is saved to 
error.log (CHANNEL4 dir.) 

If you tick Prompt if file exists or on error Project Manager will display a 
message box if it has a problem with any of the conversions.  

Cut extra records will remove any extra data in a corrupted run. 

Click Import to start the conversion.  

Time to make some coffee? Note: Conversion may take some time, especially if there are a lot of 
subdirectories to search. 

 

Highlight a grain in a pole figure or ODF? 
 In Tango, click on the current record icon in the toolbar, or select the View | 

Click Mode | Current Record menu 

 

Click on a point in the grain that you want to highlight. 

The corresponding positions will be highlighted in Mambo and in Salsa with a 
blinking red mark. 

You can change the colour of the marks by selecting Preferences | General... 
menu; tick Blinking to improve the visibility of the marks. 

Note: In the pole figures and ODF, the highlighted point may appear in several 
places, this is due to multiplicity, e.g. a {111} for a cubic material will 
show four equivalent planes. 
 

 You can also select a particular EBSD measurement using Record Browser in 
Project manager. Simply select View | Record browser.. menu or click on the 
icon. 

Determine the percentage of the 
recrystallized/deformed fraction? 

A new Tango map component has been developed that can identify 
recrystallized/deformed regions of a specimen.  

 
It is very simple to use, just create a new map in Tango by clicking on the 
Create new map icon then dragging a Recrystallized Fraction map component 
on to your map. 
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Note: Substructured regions 
(recrystallized + subgrains) 
are shown in yellow. 

You can display the area percentage of deformed (or recrystallized) parts by 
clicking on the relevant bar in the legend. 

Note: If you don't have a Recrystallized Fraction component available, then it is 
easy to create one: 

 

From Map composer, click with the right mouse button on the list of 
components in Available components in library. Select the Add... menu. 

 

The Component gallery will appear. Double click on Recrystallized Fraction at 
the bottom of the Grid Components page: 

Click on OK to accept the default values. 

A new Recrystallized Fraction component will have appeared at the end of your 
Grid components section: 

 

Display a pole figure / ODF of the 
recrystallized/deformed fraction? 

The first thing to do is to follow the instructions in the previous section and 
identify the recrystallized / deformed regions. 

 

 

Then create a subset from one of the regions by right clicking on the relevant bar 
in the legend and selecting the Range to Subset... menu item. 

Enter a name for the subset, e.g. recrystallized. 
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Mambo and Salsa will now display scattered data for the subset. If you want a 
contoured Pole Figure or ODF, you must remember to select the relevant subset 
in the calculation wizard (Salsa) or contour dialog box (Mambo). 

 

 
 

 

Having carried out the steps in the previous section, one can now easily display 
the recrystallized fraction in a pole figure or in Euler space. 

Open Mambo and Salsa and attach to or open the same project while Tango and 
Project Manager are still running. 

Depending on which item is highlighted in the list in Project Manager, the pole 
figures in Mambo show the data points for either the complete data set, for the 
recrystallized fraction, or for the deformed fraction (Salsa behaves alike). 

 
 

Note the difference between the two fractions. 

If you wish to create an ODF for both fractions separately, do the following 
steps: 

Make sure that orientation data is displayed in the 3DView window of Salsa (cf. 
the manual of Salsa). 

Select the menu item Edit | New(M)ODF..., or, alternatively, click on the  
icon in Salsa’s toolbar. Follow the Wizard which guides you through the 
calculation setup. 

In the last dialog box of the wizard, select subset1 or subset2, respectively. 
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Press on the  button to start the calculation.  

Compare the resulting ODFs, e.g. single sections at φ2=45°: 
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Display a pole figure / ODF of the small (or the large) 
grains?  

The following steps have to be undertaken in order to achieve this goal: 
 

1) Determine the size of the grains (= grain reconstruction). 

2) Create a subset based upon the size information of the grain (grain size 
histogram). 

3) Display the subset in the pole figures and the Euler space. 

4) Calculate an ODF base upon that subset. 
 

Having opened the project Alumin.cpr with Tango, do the following: 
 

Step1: 
Select the menu item Edit | Grain Area Determination in Tango’s main menu.  

In the appearing dialog box Grain Size Measurement, select a critical 
misorientation angle of 5°. 

Press the button Measure grain size to start the grain reconstruction. When this is 
finished, the dialog box should look like in the next figure. 

 

 
 

Step 2: 
Press the Statistics button to show the Grain Statistics dialog box.  

Select the appropriate range using the grain size parameter d (circle equivalent 
grain diameter), say all grains larger than 10µm. This can be done by either 
selecting the menu item Set Min/Max in the pop-up menu of the Grain 
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Statistics dialog box or by zooming into the histogram with the left mouse 
button down. 

Remove the tick from incl. border grains 

Select the Range to subset menu item in the pop-up menu of the Grain 
Statistics dialog box in order to create a new subset from the selected range: 

 
 

 
 

The resulting map should more or less look like in the next figure (All Euler map 
component). 

 

Steps 3 and 4: 
The new subset is now ready for being displayed and further processed in 
Mambo as well as in Salsa, as described in the previous section. 
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Display a map for grains of a certain texture 
component? 

If you want to create a map which shows the Band Contrast map component just 
for a certain texture component, then you have to do the following:  

 

1) Create a map with that particular texture component as a map component. 

2) Convert that texture component into a subset. 

3) Create a Band Contrast map. 

4) Hide the anti subset. 
 

We will do this exercise by means of the project AL_2.CPR  where we will show 
the Band Contrast only for all grains with a maximum deviation of 20° from the 
100 fibre texture. 

 

Step 1:  
Load this project into Tango and select  Components | Component Manager in 
the main menu.  
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Then, either:  

Select an existing Texture Component and click the  button, or, 
alternatively,  

Add a new map component by clicking on the  button, and select 
from the Component Gallery dialog box, tab Grid Components the icon for a 
Texture Component, and press OK. 

 
 

Assign the following properties to the texture component: 
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Tab Property Value
General Name 100 Fibre
Color Scheme Color Scale Middle position

Method Linear
Basic Color Red
Inverted Off

Ideal Orientation Description Method Fibre Texture
Sample Coordinate System Primary  (CS0)
Deviation 20°
<UVW> 100
parallel to Z

Histogram Class Width 1
Accumulated Off
Frequencies Normalized

 
 

Create a new map of Alumin.cpr with the new map component, by either 

clicking on the  icon in Tango’s toolbar, or, alternatively, by selecting Edit | 
New Map... in the main menu.. The map should look like this: 

 

 
 

Step 2: 
Select the menu item Range to subset... in the legends pop-up menu and stay 
with the name ‘Subset1’. This subset contains all grains of that particular texture 
component. 

 

Step 3: 
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Create a new map by either clicking on the  icon in Tango’s toolbar, or, 
alternatively, by selecting Edit | New Map... in the main menu. Choose the Band 
Contrast map component from the list of available map components on the right 
side, and drag it onto the item Phase1: Aluminium on the left side. Press OK. 

 

Step 4: 
Make sure, that the map is displaying subset1 (if necessary, click on the list item 
Subset1 in the project list in Project Manager). 

In Tango, select the menu item Preferences | General, tab Subsets. In the 
appearing Preferences dialog box, toggle the checkbox Hide anti-subset on. 
Press OK. 

 

After having completed steps 1.- 4., your map should look like this : 
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Determine the grain size statistics for a certain texture 
component? 

Different texture components have often a different grain size, e.g. due to 
different growth rates during recrystallization or grain growth. In order to 
determine the grain size for a particular texture component, do the following:  

1) Create a map with that particular texture component as a map component. 

2) Convert that texture component into a subset. 

3) Determine the size of all the grains (= grain reconstruction). 

4) Display the grain statistics for the subset. 

Steps 1. and 2.: 
Follow the steps 1. and 2. in the previous section. 

Step 3. 
Select the menu item Edit | Grain Area Determination in Tango’s main menu.  

In the appearing dialog box Grain Size Measurement, select a critical 
misorientation angle of 5°. 

Press the button  to start the grain reconstruction. When this 
is finished, the dialog box should look like in the next figure. 

 

 
 
 

Step 4: 
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Press the Measure Grain Size button to show the Grain Statistics dialog box. 

Select the data set the statistics should relate to in the drop down list Data set, 
Subset1, which represents the all grains within 20° from the ideal 110 fibre, as 
described in the previous section.  

The grain size distribution as well as the statistics now only display data of the 
specified texture component. 
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Determine the percentage of a certain phase in a 
project? 

Whenever a project is loaded into one of the programs of the CHANNEL 5 suite, 
it appears in the list of the Project Manager. The percentage of a certain phase, 
together with statistical information of that project, can easily be accessed by 
looking into the General button tab. 

If you press the Statistics button, the following window will appear: 

 
 

Alternatively, you can use Tango and create a phase map. The percentages of the 
phases are shown on the legend. Zero solutions make up the missing fraction. 

 
 

Note: The absolute numbers will change after Noise Reduction, since Zero 
Solutions are replaced by neighbouring phases. 
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Eliminate a phase from a Project? 
During an EBSP measurement, in some cases, one or more phases are assumed 
to be present in the material to be analysed, whose indexing can clearly be 
spotted as being wrong. It may then be of interest to remove this phase from a 
project. 

As in the previous chapter, select the Statistics tab of the Project Manager. 
Highlight the phase you want to eliminate from the project.  

 
 
 

Press the Remove Phase from Project, you will be asked to confirm the removal 
of this phase.  

 

  
 

Press Yes to complete the action. All data points of the selected phase are set to 
Zero Solutions and the phase is removed from the list of phases. 
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Rotate the EBSP data? 
For consistency, the EBSD orientation data is always measured relative to the 
Acquisition Surface (CS1).  

Frequently, due to sample sectioning, the Rolling, Transverse and Normal 
directions (Sample Primary, CS0) will not be aligned with the Acquisition 
Surface (CS1) and you will need to rotate the data. 

You can specify the orientation relationship between these two coordinate 
systems (CS0->CS1) in the Properties panel of Project Manager. 

 

Click on the  button to view the Virtual Chamber. See the section on Virtual 
Chamber in the chapter on Project Manager. 

 

Save modified project files? 
After an extensive post-processing, it might be useful to store the modified 
project for later use onto disk.  

Selecting the Project | Save As... menu item in Project Manager.  

Enter a suitable filename. 

Tip : append ‘NoiseReduced’ to the original filename to remind yourself that it is 
not raw data 

Click Save. 

Prevent measured data files from being accidentally 
overwritten? 

Project files created by the acquisition software (‘original projects’) can never be 
overwritten accidentally by any of the programs of the CHANNEL 5 suite. 

Once a project has been modified and saved under a different file name, the 
remark Modified appears at the bottom right in the General panel of Project 
Manager  : 
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Use my CRY files with the new indexing software, 
Flamenco? 

The new indexing software in CHANNEL 5, Flamenco, does not use the olf 
HKL file format for indexing EBSPs, and you cannot load individual CRY files 
into the match units window. 

Instead, you have to convert your existing CRY files into a Phase database, from 
which Flamenco can load individual phases: 

 

In Flamenco, select Tools | Convert *.CRY files into Phase database... 

Then, in the dialog box that appears, select the directory where the *.CRY files 
that you wish to convert are located (typically C:\CHANNEL4): 

 
Then define the output directory where you wish the compiled database to be 
located (typically C:\CHANNEL5) and give a name to the databse. 

Press on "Convert" and Flamenco will convert all the *.CRY files and compile 
them into a database. When it has finished, it will report how many phases were 
successfully converted, and how many failed. Press on Close to return to 
Flamenco. 

You can now use this database to load individual phases for indexing - see the 
Match Units section in the chapter Flamenco - EBSD Acquisition. 
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Produce a system report on my computer? 
Sometimes, when there are problems with your CHANNEL 5 software, you may 
be requested by the HKL Technology support team to send a system report for 
your computer. 

The way to do this depends on the operating system for your computer. 

Windows NT 
Select Start | Programs | Administrative Tools (Common) | Windows NT 
Diagnostics 

In the window that appears, click on "Print" and then select the options "All 
tabs", "Complete" and "File" as follows: 

 
Then press on OK, name the file and send it to 
mailto:support@hkltechnology.com. 

 

Windows 2000 
Select Start | Settings | Control Panel. 

Then choose "Administrative Tools", then "Computer Management" and finally 
"System Information". 

Right mouse click on "System Information" and then select "Save As Text File": 
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Give the file a name, and then send it to mailto:support@hkltechnology.com. 

 

Windows 95 & 98 
Select Start | Settings | Control Panel. 

Then choose System, then the Device Manager tab and in the dialog box that 
appears press "Print": 
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Make sure that your computer has a Generic text only printer installed (you may 
have to install such a printer in the standard windows manner). Then select "All 
devices and system summary" and "Print to file" as follows: 

 
Press OK, name the file system.prn and then send it to the HKL Technology 
support group (mailto:support@hkltechnology.com). 
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Produce a System Report for Flamenco? 
If a software problem occurs in Flamenco, there are many variables that could be 
the source of the error (e.g. your profile, the match units, the hardware 
drivers..etc.). 

In order for the HKL Technology support office to locate and correct the 
problem, it is useful to have all the relevant information in a single document. 

This can be done by producing a system report using Flamenco, as follows: 

In Flamenco, select Tools | System report... 

The System report window will appear: 

 
Click on "Save to Text File", give the file a name and send it to 
mailto:support@hkltechnology.com. 

The support office should be able to use this report to locate and solve the cause 
of any errors. 
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Useful background 
information 

Introduction 
This section contains useful background information.  

The section on crystallography is very basic and can be skipped if not 
required. It only really covers cubic crystals (which are easier to explain) 
although the CHANNEL 5 suite of programs work with all the crystal 
systems.  

Euler angles 
Euler angles (Euler 1775) are commonly used to describe a the sample 
orientation relative to the crystal. This involves rotating one of the 
coordinate systems about various axes until it comes into coincidence 
with the other.  

Different conventions for the choice of axes and angles have been 
proposed and applied in literature. For orientation measurements in 
CHANNEL the convention of Bunge is applied.  

Apart from describing crystallite orientations within a specimen, Euler 
angles are also applied to describe orientation relationships between other 
co-ordinate systems used in CHANNEL. The books by Bunge (1982) and 
Wenk (1985) contain further useful reference to texture analysis and the 
use of Euler angles. 

The three Euler angles: 21 ,, φφ Φ  (phi1, Phi, phi2) represent the 
following rotations, which are shown schematically in the drawing 
below: 

1) A rotation of ϕ1 about the z-axis followed by, 

2) a rotation of φ about the rotated x-axis followed by, 

3) a rotation of ϕ2 about the rotated z-axis. 
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It is quite difficult to show the three rotations on the printed page, but by 
setting phi2 ( 2φ ) to zero, we can demonstrate the effects of  phi1 ( 1φ ) 
and Phi ( ). The following schematic shows a silicon unit cell (Si 
atoms shown as black circles) being rotated. 

Φ

Z

X Y
Specimen

axes

 φ1

Φ

0°

0°

15°

15°

30°

30°

45°

45°

90°

 

The first thing that is apparent is that the two orientations described by 
(0°,0°,0°) and (90°,0°,0°) are indistinguishable – compare the top left and 
top right drawings.  

Euler space is also discontinuous which can result in small changes in 
orientation producing abrupt changes in the Euler angles. If you imagine 
a scenario where Phi ( Φ ) and phi2 ( 2φ ) are zero and phi1 ( 1φ ) is 
dropping in 1° steps from, say, 30° (the top centre image, then going left). 
When it hits 0°, the next step would take it to a negative angle, which, by 
convention, is not allowed. The result is that phi1 suddenly  changes to 
359° and not -1°, i.e. it wraps round.  
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N.B. By convention, for cubics, the three Euler angles, 21 ,, φφ Φ , wrap 
round at 360°, 90° and 90° respectively.  

Euler space 
Euler space is an orientation space defined by the three Euler angles, 

21 ,, φφ Φ . It is used by Salsa for displaying orientation data (points) and 
densities an example image is given below. For cubics, multiplicity 
results in there being three duplications of each orientation, each in a 
separate region of Euler space. The regions are bounded by flat and 
curved surfaces as shown. 

See the chapter on Salsa - orientation distribution functions for more 
details. 

 

Euler colouring 
Euler colouring is used in Tango (mapping) to transform an orientation 
( 21 ,, φφ Φ ) to an RGB colour (Red, Green, Blue). 

This is done (for cubics) by using the following formulae : 

[ ]BlueGreenRedcolourRGB

BlueGreenRed

,,
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255,
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255,
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255 21

=
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Φ
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N.B. Similar formulae are used for the other crystal systems, but the 
limits for the three Euler angles can be different. 

The following schematic shows cubes at regular points in Euler space. 
The cubes are drawn so that their edges correspond to the orientation of a 
crystal with the relevant Euler angles for that point. The cube could also 
be thought of as the crystal’s unit cell. 

A crystal with its axes aligned with the specimen axes could appear black 
(see the black cube labelled as (0,0,0)). However because of the 
discontinuous nature of Euler space, there are also other orientations (and 
equivalent colours) that have their crystal axes similarly aligned.  

The discontinuous nature of Euler space can result in abrupt changes in 
colour within grains at particular orientations. These are usually not due 
to mis-indexing but are Euler angle artefacts. 
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For information on Orientation maps, see Creating an orientation map in 
Tango - getting started.  The All Euler map component is discussed in the 
section on Grid components in the chapter on Tango. 

See the on-line help for a colour version of this image. 
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Crystallography – a brief introduction 
The regular arrangement of atoms in a crystal, called a lattice, can be 
described mathematically by repeating a small piece of the crystal called 
the basis. The way that the basis has to be repeated is defined by a 
regular volume called the unit cell. 

For any given crystal there are many possible unit cells, but the simplest 
one is usually chosen such that it contains a minimum number of atoms 
but still displays the symmetry of the crystal lattice. 

This chapter is designed to be a very basic introduction to 
crystallography. The Bibliography contains several references to books 
that have more information on crystallography. 

Symmetry 
Symmetry is very important to crystals and can allow the arrangements of 
their atoms to be described in a form of shorthand. A symmetry operation 
is an action on an object that does something to the object but leaves it 
essentially unchanged. This may seem to be a very vague concept but it is 
surprisingly powerful and is fundamental to crystallography.  

Also, the EBSP patterns tend to reflect the symmetries inherent inside the 
crystal. For example, the [100] zone in an EBSP from a cubic material 
has four fold symmetry – see the image below, the [100] is at the centre 
of the image. 

 

Symmetry of a cube 
A cube is an object with high symmetry - this is shown in the following 
figure along with the crystallographic symbols that are used to describe 
these symmetry properties. 

The first symbol, m, represents a mirror - the features to the left of the 
mirror are repeated on the right. A cube has 9 mirrors - 6 are diagonal 
stretching from opposite edges, 3 are parallel to a face of the cube - they 
are all planes that pass through the cube’s centre. 
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An object has an inversion centre, i, (or 1 ) if all its features are 
“mirrored” not by a plane but through the object’s centre. Thus, two 
features need to lie on a line that passes through the centre of the object, 
and be equal distances from the centre but at opposite ends of the line. 

 

 
An n-fold rotation axis, 1 2 3 4 or 6, represents a rotation of an object 
about an axis or direction by 360/n degrees which leaves the object 
essentially unchanged. This can be seen in the bottom left schematic in 
which a rotation of the cube about one of its faces by 90° leaves the cube 
looking the same as it did before it was rotated. A cube has three such 4-
fold rotation axes, denoted by 4, as well as six two-fold rotation axes, 2, 
and surprisingly, four three-fold axes, 3. 

By combining a rotation axis and an inversion operation a rotation-
inversion can be produced. A rotation-inversion operation is denoted by 
the relevant rotation axis symbol with a line, or bar, over it, or sometimes 
with a negative sign before it, e.g. -4. An example of -4 is given in the 
bottom right schematic where the objects, which could be atoms, at the 
corners of the cube can be moved around by rotating the cube by 90° 
about a face and then inverting it. 

The symbol / is used to represent two symmetries that are perpendicular 
to each other, e.g. 6/m represents a six-fold rotation axis with a mirror 
perpendicular to it. 

The unit cell 
The unit cell represents the basic repetitive unit that can be used to model 
a crystal. It is described by three lengths and three angles - a,b,c & α,β,γ - 
which are known as the unit cell parameters. 

The general case for a unit cell is known as the Triclinic system and has 
no real symmetry - this is shown in the following diagram along with 
some example crystal structures. 
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There are 7 basic forms of the unit cell which are called Crystal Systems 
-  Cubic, Tetragonal, Orthorhombic, Hexagonal, Monoclinic, Trigonal 
(also called Rhombohedral) and Triclinic. 

Within the crystal systems it is possible that the atoms can be arranged in 
special ways that remove some of the symmetries but keep the essential 
ones - e.g. a cubic Gallium Arsenide crystal doesn’t have an inversion 
centre whereas a cubic Silicon crystal does. These additional 
permutations are known as Bravais or Space Lattices and are described 
by the way that the basic group of atoms, the basis,  is repeated within the 
unit cell. 

 
Name Symbol Comments
Primitive P The basis is repeated at the corners of the unit cell
Body Centred I As P but with an extra basis at the centre of the unit cell.
Face Centred F As P but with a basis centred on each unit cell face.
C - Centred C As P but with a basis on both of the c axis faces.
Rhombohedral R A special name for a primitive rhombohedral unit cell.  
 

The following table shows the 7 crystal systems, the restrictions on them 
and some notes about their symmetry.  
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Crystal System Types, Axes & Angles Comments and Symmetry

Cubic
P, I, F
a = b = c
α = β = γ = 90°

The highest symmetry - a cube.
Four 3-fold rotation axes along main
diagonals.

Tetragonal
P, I
a = b ≠ c
α = β = γ = 90°

Cubic stretched or squashed along its
vertical b axis.
One vertical 4-fold rotation axis.

Orthorhombic
P, C, I, F
a ≠ b ≠ c
α = β = γ = 90°

Cubic stretched or squashed along a-,
b- or c-axes.
Three perpendicular 2-fold rot. Axes.

Hexagonal
P
a = b ≠ c
α = β = 90°, γ = 120°

Tetragonal skewed so that a- and c-
axes are at 120°.
One vertical 6-fold rotation axis.

Monoclinic
P, C
a ≠ b ≠ c
α = γ = 90°; β ≠ 90°

Orthorhombic sheared so that the a-
and c-axes are not perpendicular.
One 2-fold rot. axis or a mirror.

Rhombohedral
  or
Trigonal

R or P
a = b = c
α = β = γ < 120°, ≠ 90°

Cubic stretched or squashed along its
main diagonal.
One 3-fold rot. axis along diagonal.

Triclinic
P
a ≠ b ≠ c
α ≠ β ≠ γ

All the axis lengths are all different
as are the angles between them.
No real symmetry.  

 
 

Cubic Crystals 
The cubic crystal system is probably the easiest system to understand and 
since the majority of metals are cubic it is also very useful. 

Cubic unit cell 
A cubic unit cell is shown on the left in the following figure. The unit cell 
is a cube and by placing atoms in the unit cell and repeating it a cubic 
lattice can be simulated. 

The position of an atom within the unit cell is represented by the 
fractional parts of the a, b & c axes - ranging from 0 to 1. Examples of 
points or atoms in the unit cell are given in the figure on the right. 
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For cubic crystals there are three common arrangements of atoms  
Simple Cubic (sc) Basis at the corners of the unit cell
Body Centred Cubic (bcc) As Simple Cubic plus a basis at the centre
Face Centred Cubic (fcc) Basis at the corners of the unit cell and at the centres of the faces  

For example, the following materials all share the f.c.c. structure but have 
different lattice parameters (a, b, or c unit cell parameters) and different 
numbers of atoms in their basis. 

Material Lattice Parameter Atoms in the Basis
Aluminium 4.05 1
Iron 3.6468 1
Diamond 3.56 2
Silicon 5.431 2  
For a metal with only one atom as its basis the following structures can 
be produced. 

 
These arrangements will not repeat as such because some of the atoms 
will occupy the same space. By removing any overlapping atoms the 
following patterns can be created, however they don’t really show the 
true symmetry of cubic crystals. 
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If we consider an f.c.c. structure it is possible to make a small piece of 
crystal by starting with the atoms, putting them into the unit cell and then 
repeating the unit cell as in the following two diagrams. 

 

 
 

Directions in a cubic crystal 
Directions in a crystal are measured from the centre of the unit cell 
outwards along a line. By choosing a point along this and scaling its 
values such that they are whole numbers we can represent a direction by 
three integers. 

Crystallographic directions, or zones, are similar to vectors in 3-
dimensional Cartesian space. 
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For example a line going from the origin and passing through the point 
¼,½,¾ could be represented by the integers 1,2,3. Such directions are 
known as zones and are usually shown enclosed in square brackets, [ ], 
the commas in that separate the indices of a zone usually can be dropped 
- [1,2,3] → [123]. If a value is negative it is shown with a bar above it or 
with a negative sign in front. 

Groups of symmetry related zones are denoted by angle brackets < & >, 
thus the [100], [010], [001], [-100], [0-10], [00-1] zones are sometimes 
shown as <100>, because they are crystallographically indistinguishable 
from each other. 

Cubic planes and Miller indices 
Crystallographically, a plane is a flat section through a crystal lattice that 
may contain atoms within it. By looking along certain directions in a 
crystal it is possible to see symmetrical alignments of atoms that have 
special properties, one of which is that they can diffract or interact with 
electrons travelling along that direction.  

For cubic crystals, a plane is defined by the crystallographic direction or 
zone that it is perpendicular to, i.e. it is defined by its plane normal. Thus 
the plane that is perpendicular to the [100] direction is the (100) plane. 
Planes are enclosed in parentheses, ( ), and symmetry related groups of 
planes are shown with squiggly { } brackets. 
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Four special orientations of a face centred cubic crystal are given in the 
previous figure - the atoms at the corner of the unit cell are shown in 
black. Each orientation is shown with a small piece of crystal - made of 4 
units cells - and below it, for clarity, a single unit cell. It is clear that in 
some of the orientations the atoms look closer together than in others. 

In the first schematic we are looking down the a-axis, in the [100] 
direction, and it is clear that there is a regular square arrangement of 
atoms. In fact, looking down this direction there is a 4-fold rotation axis, 
a vertical and horizontal mirror and two diagonal mirrors. 

In the second, it is down the [110] direction, onto the (110) plane. In this 
direction there is only a 2-fold rotation axis and vertical & horizontal 
mirrors. 

Looking down the [111] direction, down the main cube diagonal, there is 
a 3-fold axis. 

 
A way to calculate the three values or Miller indices of a plane is to draw 
it within the unit cell, and note where the plane intersects the a-, b-, & c-
axes. By taking the reciprocal of these three numbers and scaling them to 
integers the indices of the plane can be found, e.g. (111) intersects at 
1,1,1; (110) at 1,1,∞. 

For diffraction work it is important to know the distance between planes. 
The following schematic shows 8 combined unit cells and then filled with 
(100), (110) & (111)  planes respectively. The (111) plane unit cell has 
had an extra triangular (111) plane inserted to make it obey the cubic 
symmetry laws - and thus repeat properly. 

From the following diagram showing 8 unit cells arranged as a cube, it is 
clear that the distances between pairs of (100), (110) & (111)  planes are 
different. 
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(100) (110) (111)  

Cubic formulae 
The following formula gives the distance between pairs of planes, the 
interplanar spacing, for cubic crystals : 

d a
h k l

=
+ +2 2 2

 

Where d is the interplanar spacing; a is the length of the cubic unit cell; 
and (hkl) is a general plane. 

The angle Θ between two zones [u1 v1 w1] & [u2 v2 w2] is : 
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The angle Θ between two planes (h1 k1 l1) & (h2 k2 l2), is : 
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For cubics, the angular width Θ of a Kikuchi band (hkl) in an EBSP can 
be calculated if the accelerating voltage V (kV) and the size of the unit 
cell a (Å) are known 

Θ = ⋅
+ +
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⎛
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−2 0 3869
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This value is twice the Bragg angle. 

 

Pole figures 
A pole figure shows the projected position of a particular set of 
crystallographic planes which have been projected on to a sphere and 
then on to a circle. There are two main methods for doing this, the 
stereographic and equal area projection. This section attempts to explain 
the stereographic projection.  

If we start with a single lump of crystal (the unit cell on the left) it is 
orientated in a particular manner relative to the specimen (bottom left).  
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The {100} plane normals would project onto a sphere as shown in the 
second drawing. A plane, parallel to the specimen surface and passing 
through the centre of our sphere would intersect the sphere as a circle.  

We now join the points where the {100} plane normals touch the sphere 
to the sphere’s opposite pole. This is shown in the third image. Note: only 
the upper hemisphere points are shown. 

If we now look at just the circle we will see that the three dimensional 
crystallographic directions have been converted into points. 

This can be repeated with the orientations of, say, other grains to give a 
pole figure that shows the distribution of that particular set of planes. If 
there is a tendency for the points to be arranged in a particular manner 
then we have a texture. 

We can, of course, choose other planes to project onto, e.g. one parallel 
to a different face of the specimen. 

 

For more information on pole figures, see the section called Displaying a 
pole figure in Mambo - (inverse) pole figures. 
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Electron backscatter patterns 
(EBSPs) 
An Electron Back-Scattering Pattern (EBSP) consists of many 
intersecting, linear features called Kikuchi bands - which consist of a 
strip, brighter than the background, bounded by two edges. Each edge is 
geometrically attributable to electrons that have been diffracted from a 
particular plane of atoms within the specimen. 

EBSPs are also known as Kikuchi patterns. The technique itself has a 
variety of names - electron backscatter diffraction (EBSD), back-scatter 
Kikuchi diffraction (BKD) and back-scattered electron Kikuchi 
diffraction (BEKD). There are a variety of spellings of the word 
backscatter : back-scatter, backscatter and even backscattering and 
backscattered.  

Kikuchi patterns were first observed by Kikuchi in the Transmission 
Electron Microscope [Diffraction of Kathode Rays by Mica, S. Kikuchi, 
Imp. Acad. Tokyo, Proc., June 1928, Volume 4, pages 271-278.] Kikuchi 
found that electron diffraction patterns from thin films of mica contained 
the expected diffraction spots on a background of linear structures which 
consisted of pairs of parallel ‘excess’ and ‘defect’ lines, now known as 
Kikuchi lines.  

The positions of the Kikuchi lines could be explained on purely 
geometric grounds from a knowledge of Bragg diffraction from crystal 
planes. The angular range of these patterns was only 15°. Between the 
lines are regions that are brighter than the background, these are called 
Kikuchi Bands.  

With modern EBSD systems the capture is about 60°, which for a cubic 
EBSP is the distance between two neighbouring <110> zones. 

 

Pattern formation 
The exact method of pattern formation is not well understood, although 
structure factor calculations (see glossary entry) allow the relative 
intensities of the Kikuchi bands to be calculated.  

The formation of an EBSP can be described as follows : 

a) The electrons strike the specimen, and within the pattern source point 
(PSP) they are inelastically scattered, losing ~1% of their energy - this 
produces a little line broadening. 

b) These scattering events generate electrons travelling in all conceivable 
directions in a small volume which is effectively a point source. 

c) Electrons that satisfy the Bragg diffraction condition (see Glossary 
entry) for a particular plane are channeled differently to the other 
electrons - thus producing a change in intensity. 

d) For each crystallographic plane, these electrons form two cones  (with 
large semi-apical angles of 90°- Bragg angle, i.e. almost flat discs) that 
intersect the imaging plane (phosphor) as hyperbolae. These are the 
Kikuchi lines which appear to be almost straight. 
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In the following diagram, three of the {220} family of planes are 
depicted, they project onto the phosphor as pairs of almost flat cones 
(only a small part of each cone is shown). The cones intersect as 
hyperbolae and define the edges of the Kikuchi bands. 
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Producing an EBSP 

 
Because EBSPs originate from a very thin layer (~50nm) in the surface of 
the specimen, the specimen needs to be well prepared and relatively free 
of surface damage.  

To produce an optimum EBSP signal, the specimen has to be highly 
tilted, usually at 70° from the horizontal. To view the diffracted electrons, 
a special EBSP detector unit has to be attached to the SEM. This consists 
of a phosphor screen and a low light camera (~  lux). The camera is 
connected to a computer with a frame grabber which captures the EBSP 
image. The Flamenco software is used to automatically analyse the EBSP 
and control the SEM beam and stage scanning. 

410 −

EBSP
Camera

Phosphor Electron beam

Sample

Microscope  
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See the Glossary entry for EBSD and the section called Flamenco - 
EBSD acquisition for an introduction, and EBSP production for more 
details. 

Indexing a Cubic EBSP 
Indexing an EBSP effectively involves assigning indices to the visible 
Kikuchi bands or intersections of Kikuchi bands, these are called zones. 
Zones correspond to crystallographic directions in the crystal, as an 
example some of the zones have marked in the EBSP below. 

The [111] zone has three fold symmetry although the Gnomonic 
projection of the EBSP onto the phosphor makes this a little difficult to 
see. 

 
Once an EBSP has been indexed, it is relatively easy to work out the 
orientation of the piece of crystal (that the EBSP came from) relative to 
the specimen. 
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Match units 
When the Flamenco automatically indexes an EBSP, it needs 
crystallographic data and lists of Kikuchi bands for each of the phases it 
is looking for. This data is defined in a match unit. It is relatively easy to 
create and in a lot of cases the data already exists. 

Sometimes, it is possible to use crystallographic data from similar 
materials, e.g. aluminium data could be used for an f.c.c. superalloy. The 
crystallographic data is stored in a file with the .CRY file extension. 

The list of the Kikuchi bands and their relative intensities are calculated 
by Flamenco and stored in a match unit . 

For information on creating a .CRY file, see the sections called Creating 
a new Crystal in the chapter on Twist. 

For information on creating a Match unit, see the section called Reflector 
Intensity Calculations in the chapter on Twist. 
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Historical EBSP perspective 
This section gives a brief account of the major events in the development 
of EBSD. 

Kikuchi 'P' patterns 
Diffraction of Kathode Rays 
by Mica, S. Kikuchi, Imp. 
Acad. Tokyo, Proc., June 
1928, vol. 4, pages 271-278. 
 
Diffraction of Kathode Rays 
by Mica, S. Kikuchi, Imp. 
Acad. Tokyo, Proc., October 
1928, vol. 4, pages 471-474. 

EBSP like patterns were first observed by Kikuchi (1928) in the 
Transmission Electron Microscope (TEM). Kikuchi found that electron 
diffraction patterns from thin films of mica contained the expected 
diffraction spots on a background of linear structures - which consisted 
of pairs of parallel excess and defect lines, now known as Kikuchi lines. 
The positions of these lines could be explained on purely geometric 
grounds from a knowledge of Bragg diffraction from crystal planes. The 
angular range of these patterns was only 15°.  

 
'P' pattern of mica (Kikuchi, Japanese Journal of Physics, V, 2, 1928.) 

 
Diffraction of Kathode Rays 
by Calcite, S. Nishikawa, 
S. Kikuchi, Proc. Imp. Acad. 
Japan, October 1928, vol. 4, 
pages 475-477. 
Diffraction of Electrons by a 
Single Crystal,G.P. Thomson, 
Proc Roy. Soc. A, September 
1931, vol. 133, pages 1-25. 

In addition to the lines, Kikuchi and other researchers also observed 
band-like structures between them, which could not be explained by the 
existing theories. The  bands were termed excess or defect if they were, 
respectively, brighter or darker than the background, although the 
presence of defect bands is doubtful. It is thought that the defect bands 
were an optical illusion caused by the sharpness of the lines. 

Subsequent work attempted to explain the formation of the bands, but 
with little success. 
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Alam, Blackman and Pashley 
High-angle Kikuchi Patterns, 
M.N. Alam, M. Blackman, 
D.W. Pashley, Proc. Roy. 
Soc., 222, 1954, pages 224-
242. 

Alam, Blackman and Pashley used a cylindrical specimen chamber and 
camera to produce high-angle Kikuchi patterns from cleaved LiF, KI, 
NaCl, PbS2 crystals, all of which share the sodium chloride f.c.c. 
structure. Electrons, with energies in the range 6 to 50keV, were directed 
at grazing incident angles, from 5-40°, onto the cleaved surface of the 
specimen, electrons reflected from the surface were imaged using 
photographic film.  

This arrangement allowed a potential angular range of ~25 by 165° to be 
imaged, which is considerably larger than that obtained by Kikuchi in the 
TEM. The patterns were found to be remarkably sharp, and rich in detail. 
The widths of the bands were found to be related to the incident beam 
energy, and in agreement with the Bragg law. Alam et al. also put 
forward a possible mechanism to explain how "electrons can be diffused 
though large angles with high efficiency, relative to small angles, and 
with relatively little loss of energy". 

 

Electron Channeling Patterns 
Kikuchi-like Reflection 
Patterns Obtained with the 
SEM, D.G. Coates, 
Philosophical Magazine, 
1967, volume 16, page 1179. 

Electron Channeling Patterns (ECP) which are intimately related to 
EBSPs were also being developed in the meantime. An ECP can be 
imaged, via a back-scatter detector, when a focussed electron beam is 
rocked about a point on a flat, horizontal specimen. ECPs tend to have a 
smaller angular range, ~10°, than EBSPs, and tend to be very sensitive to 
specimen surface preparation.  

 

EBSPs in the SEM 
Electron Back-Scattering 
Patterns - A New Technique 
for Obtaining 
Crystallographic Information 
in the Scanning Electron 
Microscope, J.A. Venables, 
C.J. Harland, Philosophical 
Magazine, vol. 27, 1972, 
pages 1193-1200. 

Venables and Harland observed EBSPs in the Scanning Electron 
Microscope (SEM) by using a 30mm diameter fluorescent imaging 
screen and a closed circuit television camera - giving an angular range of 
~60°. This method allowed on-line examination of specimens and the 
measurement of crystal orientation at high spatial resolution.  

Later experiments, using a field emission gun scanning electron 
microscope, produced high spatial resolution, ~20nm, and good 
orientation accuracy. 

 
On Line Microtexture 
Determination using 
Backscatter Kikuchi 
Diffraction in a Scanning 
Electron Microscope, D.J. 
Dingley, Eight International 
Conference on Textures of 
Materials (ICOTOM 8), Eds. 
J.S. Kallend, G. Gottstein, 
The Metallurgical Society, 
1988; pages 189-194. 

Later, Dingley developed the combination of phosphor and television 
camera, and combined them with a graphical overlay. This allowed an 
operator to indicate the positions of zones in an EBSP and for the 
software to display a simulation. 

Using this method, several hundreds of grain orientations could be 
measured in a day.  
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High quality EBSPs 
A Comparison of Diffraction 
Techniques for the SEM, D.J. 
Dingley, Scanning Electron 
Microscopy/1981/IV, pages 
273-286. 

Dingley also used EM film to capture high quality, wide-angle EBSPs 
which "combined the high resolution in the patterns observed by Pashley 
et al. and the high spatial resolution demonstrated by Venables" 

Backscatter Kikuchi 
Diffraction in the SEM for 
Identification of 
Crystallographic Point 
Group,K.Z. Baba-Kishi, D.J. 
Dingley, Scanning, 1989, vol. 
11, 305-312. 
Application of Microtecture 
Determination using EBSD to 
non Cubic Crystals, D.J. 
Dingley, A. Day, A. Bewick, 
Textures and Microstructures, 
1991, vols 14-18, pages 91-
96. 

EM film EBSPs were used for point group determination and phase 
identification. The superior detail and wide capture angle of EM film 
were essential for this.  

Manual and Automatic analysis of EBSPs 
Computer-Aided 
Determination of Crystal-
Lattice Orientation from 
Electron-Channeling Patterns 
in the SEM, N-H. Schmidt, N. 
Ø. Olesen, Canadian 
Mineralogist, 1989, Vol. 28, 
pages 15-22. 

Software improvements lead to more intelligent analysis packages, e.g. 
CHANNEL that could analyse an EBSP from a knowledge of the 
possible phase(s) present and the positions of three unknown bands. 

CHANNEL was originally an Electron Channeling Pattern (ECP) 
analysis package that could be also be used for EBSP analysis, it was 
written by N.H. Schmidt. It was designed to allow an operator with little, 
or no, crystallographic knowledge to analyse an EBSP and store the 
resulting orientation or phase data in a file. The operator initially told the 
program which phases (up to 5) were present and then indicated the 
positions of several Kikuchi bands on the EBSP. The program would 
then find the phase and orientation that best fitted the data.  

 
An Automatic On-Line 
technique for determination of 
Crystallographic Orientations 
by EBSP, J. Jensen, N-H. 
Schmidt, Recrystalllization 
90, 1990, TMS, pages 219-
224. 

Application of the Hough transform allowed EBSP orientation 
measurements to be automated. 

Automated Determination of 
Lattice Orientation from 
Electron Backscattered 
Kikuchi Diffraction Patterns, 
S.I. Wright, B.L. Adams, 
Textures and Microstructures, 
1991, Vol. 13, No. 2-3, pages 
123-131. 

Other methods, e.g. the Burns algorithm, were also investigated, but it is 
the Hough transform that is now the preferred method. 
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Glossary of Terms 

(M)ODF 
A (Mis) Orientation Distribution Function. (M)ODFs can be calculated 
using Salsa via the Gaussian kernel estimation or Series expansion 
methods. 

 See the section called Creating an (M)ODF with the wizard in 
the chapter on Salsa. 

3-D simulation 
In Flamenco, any solution is displayed with a 3-D simulation in the 
Property Control Panel of the solution page. Double clicking on this 
simulation will change its appearance to include a sperical Kikuchi map. 
A similar 3-D display is also shown for simulated EBSPs. 

 See the section on the Solution Page in Flamenco - EBSD 
Acquisition. 

 

Acquisition surface 
The surface from which the EBSP measurements are acquired, referred to 
as co-ordinate system 1 (CS1). 

 See the Glossary entry for Co-ordinate system and Sample 
primary (CS0). 
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AFI value 
When Advanced Fit ("AF") is switched on in the band detection page 
property control panel, then Flamenco will show an Advanced Fit Index 
value ("AFI value") for every solution. This is an accurate measure of the 
goodness of fit of the EBSP solution, and can be used to determine the 
correct phase during Phase-ID. 

Advanced Fit 
Advanced Fit (AF) is an option in Flamenco that allows extremely 
accurate indexing of EBSPs. It is switched on in the Property Control 
Panel of the band detection page, and has a sliding scale from 1 (quicker 
but less accurate) to 4 (slow but very accurate). Good EBSPs are 
necessary for Advanced Fit to work well. 

 Further details are found in the section on Accurate indexing in the 
chapter Flamenco - Advanced Acquisition. 

 

Axis/angle pair 
The most commonly used representation of a misorientation between 
neighbouring crystallites. The misorientation is represented by a rotation 
angle theta around a rotation axis [u,v,w] which is common to and brings 
both crystal co-ordinate systems into coincidence  

 See Misorientation profile in the chapter on Tango and the 
glossary entry for Misorientation. 

 See Creating Misorientation Data in the chapter on Project 
Manager. 

Band contrast (BC) 
Band contrast is an image quality factor derived from the Hough 
transformation which is describing the average intensity of the Kikuchi 
bands with regard to the overall intensity within the area of interest 
(AOI). The values are scaled to the byte range from 0 to 255 (i.e. low to 
high contrast). 

 For more information see the section called Creating a band 
contrast and zero solution map in the chapter on Tango or the 
section on Grid components in Tango. 

 You can change the way that the Band Contrast map is displayed 
via Tango's Legend, see the section called The Legend. 
Tip: Click on the graph and drag to the right to zoom, drag to the 
left to reset. A right mouse button click gives you access to 
Range to subset…, Export, Zoom Histogram… 

Band slope (BS) 
Band slope is an image quality factor derived from the Hough 
transformation which is describing the maximum intensity gradient at the 
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margins of the Kikuchi bands in an EBSP. The values are scaled to the 
byte range from 0 to 255 (i.e. low to high maximum contrast difference), 
i.e. the higher the value, the sharper the image. 

 For more information see the section called Creating a band 
contrast and zero solution map in the chapter on Tango or the 
section on Grid components in Tango. 

 You can change the way that the Band Contrast map is displayed 
via Tango's Legend, see the section called The Legend. 
Tip: Click on the graph and drag to the right to zoom, drag to the 
left to reset. A right mouse button click gives you access to 
Range to subset…, Export, Zoom Histogram… 

Beam control 
An add-on software module to Flamenco facilitating fully automated 
EBSP via a software-controlled deflection of the electron beam in the 
SEM.  

 See the section on Automatic Mode Data Collection in 
Flamenco-EBSD Acquisition. 

binning 
Binning groups of pixels together in the EBSP image allows faster 
acquisition rates 

Bragg angle 

The width of a Kikuchi band (hkl) is twice the Bragg angle, , for the 
plane. The Bragg angle is calculated using the equation for the Bragg 
condition. 

Θ B

Bragg condition 
The Bragg condition defines the conditions for diffraction to occur. This 
can be expressed as a formula: 

nλ = 2 ⋅dhkl BsinΘ  
Θ B  is the Bragg angle,  

n is an integer and defines the diffraction order, e.g. first. 

dhkl  is the interplanar spacing for the (hkl) plane. 

λ  the wavelength of the incident radiation. 

For SEM electrons, the wavelength (Å) is 
λ ≈

0.387
kV , where kV is the 

accelerating voltage (kV) 

N.B. At higher kV, a relativistic correction is required. For SEM 
electrons this is usually not needed. 
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Brandon criterion 
A criterion which is often used to describe the maximum tolerable 

deviation from a CSL boundary given by the expression: 
vm = °15

Σ .  
 In Tango, to define other deviation criteria, select the 

Components | Component manager menu item. Double click on 
the CSL boundaries component, select the CSL boundaries tab 
and click on the Deviation button. You can also directly edit the 
spreadsheet data on the CSL boundaries tab. Double click on Pen 
entry to change the pen settings. Put a cross in the Show column 
to enable a particular CSL. 

Browser 
1) In Project manager, a means of browsing EBSD data. Click on View | 
Record browser. 

2) In Salsa, a means of looking at a section through an (M)ODF. Click on 
View | Browser or . 

 See the sections called Browsing a section through the (M)ODF 
and Density profile in Salsa - getting started.  

3) In Tango, there are Linear intercept and Grain browsers that allow 
grain measurements to be examined, e.g. to locate a particular grain. 

 See the sections called Grain reconstruction and Line intercept 
for more information.  

Calibration 
In Flamenco, calibration is the determination of the EBSD geometry. It 
involves determining the pattern centre (PC), specimen to detector 
distance (DD), V/H ratio and Detector Orientation. 

 For more information see the section called Routine Calibration 
in the chapter on Flamenco - EBSD Acquisition. 

CHANNEL 5 
A suite of programs for measuring and analysing EBSD data. The suite 
includes : Flamenco (Acquisition), Tango (mapping), Salsa (ODF), 
Mambo (pole figures), Project Manager, Twist (reflector calculations). 

 See the section called General Introduction for more 
information. 

Coincidence site lattice 
The coincidence site lattice (CSL) describes a 3-D ‘superlattice’ where a 
specific number of lattice sites from the crystal lattices of two 
neighbouring grains are superimposed (coincident). A CSL is usually 
described by the reciprocal density of coincident lattice sites (Σ). E.g. a 
Σ9 CSL refers to a coincidence of 1/9 of the lattice sites (or Σ7 - 1/7, Σ5 - 
1/5, Σ3 - 1/3, etc.). A Σ1 CSL refers to a coincidence of all lattice sites, 
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i.e. as in a low-angle boundary. The most common CSL boundaries (e.g. 
Σ3, Σ9 and Σ27) are twin boundaries. 

 See the section called Boundary components in the chapter on 
Tango. 

 You can get CSL statistics (% of total boundary length) from 
Tango's Legend, see the section called The Legend. Access it via 
View | Legend or click the legend icon, . You'll need to do a 
right mouse click on the graph and select Zoom Histogram, then 
just click on a column for the exact percentage. Another right 
mouse click on the Zoomed Histogram gives you Export 
Data…. 

Component library 
A file (*.CMP) containing a selection of pre-defined map components in 
Tango. Any user-defined selection of map components can be stored and 
later be loaded as a specific *.CMP file. 

Accessed using the Components | Load Library…, Components | Save 
Library and Components | Save Library As… menu items in Tango. 

 See the section called Component libraries in the chapter on 
Tango. 

Co-ordinate system 
CHANNEL operates with 5 right-handed orthonormal co-ordinate 
systems. In Tango, Salsa and Mambo only CS0 and CS1 are required to 
specify the orientation relationship between the acquisition surface and 
the sample primary (the principal sample co-ordinates), i.e. RD, TD and 
ND.  

 

The symbols used to represent the co-ordinate systems are: 

CSm (microscope): defined by the microscope axes, i.e. the X-, Y- and 
Z- stage movement directions, 

CS0 (sample primary): defined by the primary sample axes, e.g. rolling, 
transverse and normal directions, 

CS1 (acquisition surface): defined by the axes of the measured sample 
surface - from the perpendicular edges of a corner, 

CS2 (crystal co-ordinate system): defined by the crystal axes, e.g. the 
[100], [010] and [001] crystal directions, 

CS3 (detector): defined by the detector / diffraction pattern - points on 
the imaged EBSP are described by the X- and Y- axes. The Z- axis points 
out of the phosphor. 

The axes of each co-ordinate system are termed accordingly, e.g. the 
microscope axes are represented by the co-ordinates Xm, Ym and Zm; 
and the diffraction pattern by X3, Y3 and Z3. The position of the origins 
of the various co-ordinate systems relative to each other are not needed, 
for orientation measurement it is the directions that are important. 
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Note: Rotations about an axis are measured in degrees, the positive 
rotation direction is anticlockwise looking down the axis towards the 
origin. 

 For more information refer to the first two images in the section 
called Calibration parameters in the chapter on Flamenco - 
Advanced EBSD Acquisition. 

Crystal co-ordinate system 
The crystal co-ordinate system (CS2) is used to represent the orientation 
of the crystal. 

 See the glossary entry on co-ordinate systems for more 
information. 

When using orientation data measured with CHANNEL in other software 
applications, it is important to note that the generally triclinic crystal co-
ordinates (a, b, c) are forced into an orthonormal co-ordinate system (X2, 
Y2 and Z2) using the following convention. 

The crystal axes: a, b and c are arranged such that: 

Z2 is parallel to c, and 

X2 is parallel to a* (perpendicular to both b and c), 

Y2 is perpendicular to both X2 and Z2. 

with a* referring to the reciprocal lattice 

 

Crystal system 
There are 7 basic forms of the unit cell defining the crystal systems, these 
are cubic, tetragonal, orthorhombic, hexagonal, trigonal (rhombohedral), 
triclinic and monoclinic. In CHANNEL 5 the orientations are resolved to 
the Laue group symmetry and not merely to the 7 crystal systems. 

 For a basic introduction to crystallography see the section called 
Crystallography – a brief introduction in the Useful background 
information chapter. 
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Crystallographic indices 
 See the Glossary entries for Miller indices and Miller-Bravais 

indices 

Crystallographic texture 
The ‘preferred orientation’, i.e. the non-random orientation of single 
crystal lattices within a material, usually obtained by its processing. 

 See the sections called Creating an (M)ODF with the wizard in 
the chapter on Salsa, Texture component in Tango, Ideal 
orientations in Project Manager, and Pole Plot in Mambo. 

 There are worked examples in FAQ chapter, see Display a map 
component only for grains of a certain texture component? and 
Determine the grain size statistics for a certain texture 
component?  

CSL boundary 
The description of a grain boundary by a specific coincidence of the 
crystal lattices across the boundary. The most common CSL boundaries 
(e.g. Σ3, Σ9 and Σ27) are twin boundaries. 

In Tango, you, the user, can create your own CSL definitions via the CSL 
boundary component. The labels, axis, angle and deviation and pen can 
all be edited as required. 

 See the glossary entries for Brandon criterion, coincidence site 
lattice, CSL 

 See the sections called Boundary components in Tango. 
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Current Record 
The currently selected EBSP measurement. The current record is 
displayed as a flashing cross (Tango), a square (Salsa and Mambo) or is 
highlighted in the Record Browser window (Project Manager). 

 See the section called Record Browser in the Project Manager 
chapter. 

Delay 
The time required for External Imaging Processing of the EBSP from the 
current beam or stage position, i.e. to integrate and capture the EBSP. 
Flamenco tries to be intelligent and is actually solving the previous 
pattern while the current pattern is being acquired. 

 See the sections called Using the Argus 20 and Setting up for 
automated data collection in Flamenco - EBSD Acquisition. 

Density profile 
In Salsa, a density profile is a plot of the variation in density along a line 
in Euler space.  

Click on  or  in the Section browser (click on  or select View | 
Browser to display Section browser). When you move the mouse over the 
Section browser window the plot will update, click to freeze the plot.  

 See the sections called Browsing a section through the (M)ODF 
and Density profile in the Salsa chapter.  

 You can zoom in on part of the graph by clicking and dragging to 
the right, drag to the left to zoom out. A right mouse click gives 
you access to Export Histogram and Export Data… 

Detector 
In the acquisition part of CHANNEL 5, the detector is usually the 
phosphor, but it can also be considered to be the Phosphor and EBSP 
camera as an entity, i.e. the EBSP detector. See the “Nordlys” entry for 
details on the latest digital detctor. 

 
 See the section called Your EBSD system in Flamenco - an 

introduction for more details.. 
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The Detector Distance (DD) is the distance between the pattern centre 
(PC) and the point where the electron beam strikes the specimen. 

 For more information see the section on Routine Calibration in 
the chapter on Flamenco - EBSD Acquisition. 

Detector orientation 
The detector orientation is represented by 3 Euler angles that relate the 
co-ordinate systems of the detector (CS3) and the microscope (CSm). It 
thus describes the orientation of the EBSP detector’s SEM-port and a 
possible rotational component of the detector within that port, or rather of 
the camera’s CCD chip within the detector.  

 For more information see the section called Calibration 
Parameters in the chapter on Flamenco - Advanced EBSD 
Acquisition. 

Directions in terms of angles 
You can describe a specimen direction using two angles, α and β. These 
angles are roughly equivalent to the longitude and latitude used to 
describe positions on the Earth’s surface. 

The following diagram should explain the conventions used for a 
specimen direction relative to the specimen’s x-, y- and z-axes. 

α, is an angle in the specimen’s x-y plane and is measured from the x-
axis anti-clockwise. It relates to the projection of the chosen specimen 
direction on to the x-y plane. 

β, is an angle that measures the chosen direction’s angle above the x-y 
plane (β=0°). Directions pointing towards the z-axis will have a positive 
value. 
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α
β

 
The x-axis is equivalent to α=0°, β=0°. 

The y-axis is equivalent to α=90°, β=0°. 

The z-axis is equivalent to α=0°, β=90°. 

Note: α and β are also used as the symbols for two of the crystallographic 
unit cell parameters. 

EBSD 
Electron backscatter diffraction, the technique that produces an EBSP 
(see glossary entry for image). 

 See the section called EBSP production in the Flamenco - EBSD 
Acquisition chapter for details. 

EBSP 
Electron backscatter pattern. An image consisting of relatively intense 
bands (Kikuchi bands) intersecting one another and overlying the normal 
distribution of backscattered electrons, as a result of Bragg diffraction of 
electrons at all atomic planes in the crystal lattice. 

 See the Glossary entry for EBSD and the section called EBSP 
production in the Flamenco - EBSD Acquisition chapter for 
details. 

 The section called Electron backscatter patterns (EBSPs) in the 
Useful background information chapter may also be useful. 
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Endstop 
A physical or software-controlled position that limits the insertion of the 
EBSD detector. The Nordlys detector has both a hard endstop and a user-
set software endstop (controlled using the handset). 

Euler angles 
Euler angles (Euler 1775) are commonly used to describe a the sample 
orientation relative to the crystal. This involves rotating one of the 
coordinate systems about various axes until it comes into coincidence 
with the other. For orientation measurements in CHANNEL the 
convention of Bunge is applied.  

The three Euler angles: 21 ,, φφ Φ  (phi1, Phi, phi2) represent the 
following rotations, which are shown schematically in the drawing 
below: 

1) A rotation of ϕ1 about the z-axis followed by, 

2) a rotation of φ about the rotated x-axis followed by, 

3) a rotation of ϕ2 about the rotated z-axis. 

 

 

Oxford Instruments HKL Technology CHANNEL 5 Glossary of Terms  •  21.11 



 

 
 See the section called Euler angles in Useful background 

information for more details. 

Euler colouring 
The “All Euler” orientation map in Tango uses a special colouring 
scheme that maps the three Euler angles to an RGB colour.  

 You can use 3D Crystal Orientation in Project Manager to view 
the orientation of the unit cell for the current record. 

 See the section called Euler colouring in Useful background 
information for more details. 

 For instruction on creating an Orientation map, see Creating an 
orientation map in Tango. For information on the All Euler map 
component, see the sections called Grid components in Tango. 

 

 

Euler space 
The space that Salsa uses for calculating an (M)ODF. The axes are the 
three Euler angles. 

 See the section called Euler space in Useful background 
information for more details. 
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Firewire 
Firewire or IEEE1394 data transfer method - used with 15MHz Nordlys 
detectors 

Flamenco 
(1) A sophisticated software program for collecting and indexing electron 
backscatter diffraction patterns. 

 See the chapter Flamenco - an introduction for more details. 

(2) n. A Spanish gipsy style of singing and dancing. Note: not to be 
confused with Flamingo (n) - a tall, long-necked wading bird with 
pink, scarlet and black plumage. 

Gnomonic projection 
For ideal, undistorted viewing, an EBSP should be projected onto a 
sphere centred on the pattern source point, unfortunately this is not 
practical and a flat phosphor has to be used.  

The EBSP is gnomonically projected on to the flat phosphor - this results 
in regions further away from the pattern centre being distorted the most. 

Grain 

 

A grain is a three dimensional crystalline volume within a specimen that 
differs in crystallographic orientation from its surroundings but internally 
has little variation. Most metallic and geological specimens consist of 
aggregations of grains (see left). 

With EBSP and most metallographic methods we usually look at a 
polished section through an arrangement of grains. 

Grain reconstruction (see Glossary entry) is the process of reassembling 
individual EBSD measurements (from a regular grid) into a set of grains.

 See the section called Grain reconstruction in Tango for more 
information. 

Grain boundary 
A boundary between neighbouring grains or crystallites which is usually 
also referred to as a high-angle boundary. A grain boundary is usually 
associated with the recovery process in a deformed material and consists 
of dislocations localised in dislocation walls. 

 See the glossary entry for Grain. 

Grain reconstruction 
In Tango, grain reconstruction is the process whereby groups of 
neighbouring EBSD measurements are combined to produce grains. Two 
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adjacent points are considered to be part of the same grain if their 
misorientation is below a critical value. 

Grain reconstruction allows the grain area and other parameters to be 
measured. 

 See the section called Grain reconstruction in Tango for more 
information. 

 There are worked examples in Display a pole figure / ODF of the 
small (or the large) grains? And Determine the grain size 
statistics for a certain texture component? in the Frequently 
Asked Questions, How Do I ... section. 

 In Tango, if you put a tick in front of the View | grains in 
random colors menu item you can easily see the reconstructed 
grains. 

 The Line intercept method can also provide grain size 
information, see the section called Line intercept measurements 
in Tango. 

High-angle boundary 
A boundary in a crystalline material which is described by a high-angle 
misorientation between the neighbouring crystallites, i.e. grains. It is 
often also referred to as a grain boundary. (see also low-angle boundary, 
subgrain boundary). Depending on the investigated material, a high-angle 
boundary is defined by a smallest rotation angle ( minΘ ) above 5°-15°. 

 See the glossary entries for Grain, Grain boundary and Grain 
reconstruction. 

Hit Rate 
The percentage of EBSPs that have been indexed during an automated 
EBSD analysis 

Hough transformation 
The automated detection of Kikuchi bands in Flamenco is based on a 
Hough transformation.  

The Hough transform maps the EBSP image (X,Y) into Hough space 
(“theta”, “distance”) by calculating the average intensity along lines 
inclined at an angle “theta” and displaced from the centre of the image by 
“distance”. A point in the EBSP transforms into a sinusoid in Hough 
space, a thin line transforms into a point. A Kikuchi band of width d 
transforms into a pair of local maxima (or minima) that are separated by a 
distance d. A butterfly filter is used to identify these maxima. 

The Hough space resolution can be altered in Flamenco, and the Hough 
Space itself is displayed on the Property Control Panel for the Band 
detection page. 

 For the original details, see Paul V.C. Hough; U.S. Patent 
3,069,654; Dec. 18, 1962; Method and Means for Recognizing 
Complex Patterns 
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Job List 
Automated jobs in Flamenco are controlled in a Job List. The Job List 
window shows all automated jobs in a session (both completed and 
queued), and allows the user to create new jobs, cancel existing jobs and 
to create a Job Matrix. 

 See the section on Automatic mode data collection in Flamenco - 
EBSD Acquisition. 

Job Matrix 
A Job Matrix is a batch of individual jobs that are arranged in a regular 
fashion (i.e. with systematic shifts between each job in the X and Y 
directions). The Job Matrix facility allows large areas to be mapped using 
many individual beam-control jobs, with stage movements separating 
each job. The maps from a Job Matrix can be merged together using the 
MapStitcher software. 

 See how to set up a Job Matrix in the chapter Flamenco - EBSD 
Acquisition. 

 Details of how to merge a Job Matrix into one orientation or phase 
map can be found in the MapStitcher chapter. 
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Kikuchi band 
Kikuchi bands are linear features that appear in an EBSP (Kikuchi 
pattern). They correspond to a difference in electron intensity from the 
background level. The width of a Kikuchi band is twice the Bragg angle 
for the relevant plane. 

When a Kikuchi band is projected on to an imaging screen (phosphor), 
the projected centre of the band corresponds to the intersection between 
the relevant crystallographic plane (hkl) and the screen. The projected 
edges of the band are hyperbolae that correspond to the intersection of a 
pair of cones that have semi-apical angles of 90° minus the Bragg angle 
and are perpendicular to the plane (hkl). The points of the cones originate 
at the point where the electron beam strikes the specimen. 

 Look at the glossary entry for EBSP to see some example 
Kikuchi bands. 

Kikuchi pattern 
EBSPs are sometimes also referred to as backscatter Kikuchi patterns 
(named after Kikuchi, 1928, who first observed similar diffraction 
patterns in the TEM). 

 See the glossary entry for EBSP. 

Laue group 
The Laue group reflects the symmetry of a crystal with respect to 
electron (or X-ray) diffraction. Due to an inherent inversion centre related 
to Friedel’s law, the 32 space groups are reduced to 11 Laue groups 
describing the crystal symmetry. 

The Laue group for a particular Space group is shown in Twist. 

 

Crystal System Laue ID Symmetry 

Triclinic -1 1 Inversion centre as the only symmetry 

Monoclinic 2/m 2 Two-fold rotation axis perpendicular to mirror plane 

Orthorhombic mmm 3 Three perpendicular mirror planes 

Tetragonal 4/m 4 Four-fold axis with one perpendicular mirror plane 

Tetragonal 4/mmm 5 Four-fold axis with three perpendicular mirror planes 

Trigonal -3 6 Three-fold rotation-inversion 

Trigonal -3m 7 Three-fold rotation-inversion with mirror plane 

Hexagonal 6/m 8 Six-fold axis with perpendicular mirror 

Hexagonal 6/mmm 9 Six-fold axis with three perpendicular mirror planes 

Cubic m3 10 Three-fold axis with one mirror 

Cubic m3m 11 Three-fold axis with two mirror planes 
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N.B. The bar in some of the symbols has been converted to a minus sign, 
e.g. 11 ≡− . 

 See the section called Creating a new Crystal in the Twist 
chapter. 

Legend 
In Tango, the legend is a very powerful tool and is used to display 
information about the Components used to create the current map, e.g. 
Band contrast, Euler All, CSL boundary. 

 For graphs in the legend, you can change the way the relevant 
component is displayed by clicking on the graph and dragging to 
the right to zoom in on a region. drag to the left to reset. See the 
sections called The legend in Tango and Subset selection from 
histograms in the Subsets chapter. 

 Remember, a right mouse button click can give you access to 
Range to subset…, Export, Zoom Histogram… 

 For worked examples see Display a pole figure / ODF of the 
small (or the large) grains?, Display a map component only for 
grains of a certain texture component? and Determine the grain 
size statistics for a certain texture component? in the Frequently 
Asked Questions, How Do I ... section. 

Line intercepts 
The mean linear intercept method for measuring “grain size” is well 
established (e.g. ASTM E112) and has been implemented in Tango. A 
major difference between this implementation and more conventional 
ones is that the crystallographic orientation data is being used rather than 
a processed image of an etched specimen. With EBSD data there is no 
ambiguity about the grains.  

Parallel test lines are “drawn” over the map and the points where the lines 
intercept a grain boundary are noted. The mean linear intercept is 
calculated by adding all the line segments together and dividing by the 
number of complete grains the test lines passed through. Incomplete 
grains that touch the edges of the map are not included. The lines should 
be at least a grain width apart. 

 See the section called Line intercept measurements in Tango. 

 For grain size measurement, also see the section called Grain 
reconstruction. 

Low-angle boundary 
A boundary between neighbouring crystallites in a crystalline material 
which is described by a low-angle misorientation between the 
neighbouring crystallites. It is often also referred to as a subgrain 
boundary. (see also high-angle boundary, grain boundary). Depending on 
the investigated material, a low-angle boundary is defined by a smallest 
rotation angle minΘ ) below 5°-15°. 
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 Also see the glossary entries for Grain, Grain boundary and 
Grain reconstruction. 

Mambo 
1) A program for displaying and analysing EBSD measurements as 
(Inverse) Pole Figures. 

 For more information, see the chapter overview in Mambo. 

2)  n., an Afro-Cuban dance style from the 30’s. The Mambo steps are the 
basis of the Salsa rhythm. In the words of the Arthur Murray School of 
Dance (Adelaide) – "Made famous by Patrick Swayze in the movie Dirty 
Dancing. Up-tempo modern-funk beat with gyrating hips and sexual 
innuendo". N.B. Not to be confused with Mamba, a venomous African 
snake 

Map component 
An element to generate an orientation map from; this can either be an 
experimental (e.g. Band Contrast, Euler angle) or a derived parameter 
(e.g. grain-, CSL or twin boundary, texture component). 

 For information on Map components, see the sections called Grid 
components, Boundary components and Grain components in 
Tango. 

 For instruction on using map components, see the section on Map 
composer.. 

 For worked examples see the sections called Creating a band 
contrast and zero solution map in Tango and Display a pole 
figure / ODF of the small (or the large) grains? in the Frequently 
Asked Questions, How Do I ... section. 

MapStitcher 
This is a software tool for merging together individual orientation/phase 
maps collected using Flamenco. MapStitcher can also automatically 
stitch together the jobs in a Job Matrix.  

 See the chapter MapStitcher - Merging Maps for more details. 

Match unit 
A ‘look-up table’ which is used to match the experimental data with a set 
of crystallographic lattice planes with similar characteristics during 
crystallographic indexing in Flamenco. The match unit contains the 
crystallographic indices of Bragg-diffracting lattice planes ('reflectors'), 
the interplanar angles, the lattice spacing (d) and the intensity of the 
particular reflectors. 

 

The 'match unit' produced in Flamenco by utilising the Kinematical 
electron diffraction model, contains the following crystallographic 
parameters: 
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hkl : the crystallographic indices of Bragg-diffracting lattice planes 
('reflectors'). 

hkld : the lattice plane spacing of the particular reflectors. 

hkln : the normal vectors to the reflectors. 

hklI : the intensity of the reflectors. 

ji nn ;∠  : the interplanar angles between the reflectors. 

From these parameters the interplanar angles ( ji nn ;∠ ) are primarily 

used for indexing. The lattice plane spacing ( ) can optionally be 
applied, whereas the intensity of the reflectors ( ) is only used as a 
threshold value to select the number of reflectors in the match unit. 

hkld

hklI

 For information on creating a match unit, see the sections called 
Creating a new Crystal and Reflector Intensity Calculations in 
Twist. 

Mean angular deviation 
A number which expresses how well the simulated EBSP overlays the 
actual EBSP. The MAD is given in degrees specifying the averaged 
angular misfit between detected and simulated Kikuchi bands. 

 See the Cycle control Glossary entry. 

Menu Panel 
This is the upper part of the Flamenco display. The mode of use is 
selected here (imaging, Set Up etc...), as are many of the features using 
the drop down lists. The cycle control window and SEM panel can be 
docked here. 

 See the section "Managing the Layout" in Flamenco - An 
Introduction. 

Miller indices 
The 3-digit crystallographic indices used to describe crystallographic 
lattice planes (hkl) or directions [uvw]. 

Miller-Bravais indices 
The 4-digit crystallographic indices used to describe crystallographic 
lattice planes (hkil) or directions [uvtw] in the hexagonal and trigonal 
crystal systems.  

Misorientation 
Describes the orientation difference between two grains in terms of a 
rotation of their crystal co-ordinate systems into coincidence. This 
rotation may be described in the form of Euler angles, Rodriguez vectors 
or in the most common form as ‘rotation axis/angle pairs’. Depending on 
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the crystal symmetry different crystallographically equivalent rotation 
axis/angle pairs exist to describe this rotation (e.g. 24 for cubic, 12 for 
hexagonal, 6 for trigonal symmetry). By convention the rotation 
axis/angle pair with the smallest rotation angle minΘ is used to describe a 
misorientation. 

The misorientation  is calculated between the orientation  of a 
grid point and its nearest neighbour  (two per point, one to the right 
and one below) using the following equation: 

m
ikg ig

jg

ji
m

ik ggg .1−=  

 See Misorientation profile in Tango. 

Misorientation angle 
 See also the Glossary entries for Misorientation profile and 

rotation angle. 

Misorientation profile 
A plot of misorientation angle as a function of distance along a line. The 
misorientation axis can also be displayed as a label. 

 See Misorientation profile in Tango. 

Monitor 
This is a tool in Flamenco that allows the user to view changes in certain 
parameters during an automated run. Available parameters are Band 
slope, Band contrast, MAD, Hit rate, Time per cycle and free disk space. 

 For more information, see the section "Monitor" in the chapter 
Flamenco -Advanced Acquisition. 

Multiple phase analysis 
The simultaneous analysis of various phases with known crystal 
structures within Flamenco. By adding the various match units to 
describe the crystal structures occurring in the investigated material it is 
possible to run multiple phase analyses. 

 For information on creating a match unit, see the sections called 
Creating a new Crystal and Reflector Intensity Calculations in 
Twist. 

Noise reduction 
A filter functionality to extrapolate data into areas of poor data coverage 
which can be applied at various levels. 

 See the section called Noise reduction in Tango and the Glossary 
entries for Spikes and Zero-solution. 
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 You can go back to the raw data by pressing the Restore original 
data button (accessed by selecting the Edit | Noise reduction 
menu item) 

Nordlys 
High resolution digital EBSD detector supplied by HKL Technology, 
with 1344 x 1024 pixel resolution, pixel binning, remote control handset 
for accurate positioning and a revolutionary nose design. 

ODF 
 See the glossary entries for Orientation Distribution Function, 

(M)ODF 

OI value 
See Advanced Fit Index (AFI).  In Channel5 service pack 8 this feature 
has been improved to Advanced Fit Index. 

O-lock 
See Advanced Fit (AF).  In Channel5 service pack 8 this feature has been 
improved to Advanced Fit. 

 Further details are found in the section on Accurate indexing in the 
chapter Flamenco - Advanced Acquisition. 

OMC 
 See the glossary entry for Open Map component 

Open map component 
In Tango, a new map component that allows you, the user, to define your 
own maps via a Dynamic Link Library (DLL). Most modern, Windows 
compiler can create DLLs. 

 See the section called Open map components (OMC) for details 
and source code. 

Orientation distribution function 
The (Mis) Orientation Distribution Function, (M)ODF, is a means of 
representing preferred orientations for materials. It is a four dimensional 
object - the four dimensions being the three Euler angles and a density 
value corresponding to how strongly a particular orientation appears. 
This strength is expressed as a ratio to that expected for a completely 
random distribution of orientations. 

For an in depth explanation of ODFs see H.-J. Bunge’s book Texture 
Analysis in Materials Science, (Cuviller Verlag, 1993, ISBN 3-928815-
18-4). 

 See the section called Creating an (M)ODF with the wizard in 
the chapter on Salsa. 
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Orientation map 
In Tango, the general term to describe a map derived from the automatic 
grid measurement of a microstructure. One or several orientation maps 
can be opened at the same time and composed of various map 
components. 

 For instruction on creating an Orientation map, see Creating an 
orientation map in Tango. 

 For information on Map components, see the sections called Grid 
components, Boundary components and Grain components in 
Tango. 

 For instruction on using map components, see the section on Map 
composer.. 

 For worked examples see the sections called Creating a band 
contrast and zero solution map in Tango and Display a pole 
figure / ODF of the small (or the large) grains? in the Frequently 
Asked Questions, How Do I ... section. 

Orientation matrix 
The most general description of an orientation or rotation is a 3 x 3 
orientation matrix (g-matrix), which consists of the nine direction cosines 
relating the 3 axes of one co-ordinate system to the 3 axes of the other. 
The rotation matrix is over determined and can be reduced to a set of 3 
angles, the Euler angles.  

 a11 a12 a13 
 a21 a22 a23 
 a31 a32 a33 

Pattern centre 
In Flamenco, the Pattern Centre (PC) is the point on the imaging screen 
(Phosphor) that is closest to the point where the electron beam strikes the 
specimen (pattern source point). 

 For more information see the section on Routine Calibration in 
the chapter on Flamenco - EBSD Acquisition. 

Pattern source point 
The pattern source point (PSP) is the point where the electron beam 
strikes the specimen. It is actually a volume (sometimes called the 
excitation volume) but for our purposes it is so small that it acts as a point 
source of electrons. The size of the PSP is roughly the diameter of the 
electron beam when it strikes the specimen and may extend into the 
specimen to about 50nm, although this value is strongly material 
dependent. 

 See also the Glossary entry for Pattern centre. 
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Phase-ID 
This is the use of the EBSD technique, in conjunction with compositional 
data and a phase database to identify unknown phases. Flamenco has an 
optional integrated Phase-ID system. 

 See the worked example of Phase-ID using Flamenco in the 
Flamenco-Phase-ID chapter 

Phosphor 
The part of the EBSP detector that converts electrons into visible photons 
and allows EBSPs to be imaged using a low light level camera 
(Detector).  

 See Glossary entry for Detector. 

Pole figure 
The spherical projection of crystal directions displayed in a plane 
representing the upper or lower hemisphere. Abbreviated to PF.  

 For more information, see the chapter overview for Mambo 

Project 
The main file format (.CPR) used by Tango, Mambo, Salsa and Project 
manager. It is linked to the actual data stored in a record file (.CRC). 
Older versions of CHANNEL software use .PRJ and .REC files. 

 For information on converting data see the section called Convert 
all of my version 3.1 files to the new file format? in Frequently 
Asked Questions, How Do I ... 

Project manager 
Project manager has overall control of data and can be used to create, 
manipulate and combine subsets. 

 See the Project manager chapter overview. 

Property Control Panel 
In Flamenco, this is where the properties for most of the actions are 
displayed, and where they can be changed. For example, the settings for 
automatic band detection are altered using the Property Control Panel (or 
PCP) for the band detection page. 

 See the section "Managing the Layout" in Flamenco - An 
Introduction. 

Pseudosymmetry 
A pseudosymmetry occurs where two orientations cannot easily be 
distinguished due to an apparent n-fold rotation axis especially in lower 
symmetry crystal structures. For example an orthorhombic structure with 
similar lengths of the a- and b-axis appears to be tetragonal when viewed 
down its c-axis, as is the case in some high temperature superconductors. 
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Other examples of pseudosymmetry are often encountered in geological 
materials (e.g. pseudohexagonal structures appearing in trigonal quartz). 

 See the section called Pseudosymmetry in Flamenco - Advanced 
EBSD Acquisition. 

Range to subset 
Range to subset is a very powerful tool. From the currently selected range 
of a graph, Range to subset will put all the EBSD data points that lie 
within the range in to a new Subset. You can call the subset anything you 
want, e.g. squiggly grains. 

 See the section called Subset selection from histograms in 
Subsets and the worked examples called Display a pole figure / 
ODF of the small (or the large) grains?, Display a map 
component only for grains of a certain texture component? and 
Determine the grain size statistics for a certain texture 
component? in the Frequently Asked Questions, How Do I ... 
section. 

Record Browser 
A window in Project Manager that allows the EBSP data to be examined. 

Click on the  in Project manager button to view Record Browser. 

RGB 
RGB stands for Red-Green-Blue and is a method of describing a colour 
using Red, Green and Blue components.  

Rotation angle 
The rotation angle theta of a rotation axis/angle pair which is also 
referred to as the misorientation angle. By convention the smallest 
rotation angle is often used to describe a misorientation between grains. 

 See the Glossary entry for Misorientation and Misorientation 
profile in Tango. 

Rotation axis 
The most commonly used representation of a misorientation between 
neighbouring crystallites. The misorientation is represented by a rotation 
angle theta around a rotation axis [uvw] which is common to and brings 
both crystal co-ordinate systems into coincidence.  

 See the Glossary entry for Misorientation and Misorientation 
profile in Tango. 

Rotation axis/angle pair 
The most commonly used representation of a misorientation between 
neighbouring crystallites. The misorientation is represented by a rotation 
angle theta around a rotation axis [u,v,w] which is common to and brings 
both crystal co-ordinate systems into coincidence.  
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 See the Glossary entry for Misorientation and Misorientation 
profile in Tango. 

Safe sampling 
This is a sampling strategy in Flamenco that is designed for accurate 
texture measurements of poorly prepared samples. Instead of acquiring a 
single measurement at each point, safe sampling takes 3 measurements 
located a user-defined distance about the central point to ensure that each 
saved orientation is correct: 

 
 See the Safe Sampling section in Flamenco -Advanced Acquisition 

for further details. 

Salsa 
1) A program for displaying and analysing EBSD measurements in Euler 
space. 

 See the Salsa chapter overview. 

2) Salsa, n., a spicy Mexican style sauce. [origin, Spanish for sauce] 

3) Salsa, n., Klaus’ favourite pastime, (every Wednesday night at the 
Glazzhus in Århus).  

Sample primary 
The main axes of the specimen, e.g. for a rolled sheet of metal these 
would be called: rolling (RD = X0), transverse (TD = Y0) and normal 
directions (ND = Z0). Referred to as co-ordinate system 0 (CS0). 

 

To relate the orientation data derived with CHANNEL to the specimen 
co-ordinates it is important to define the orientation relationship between 
the sample primary (CS0) and acquisition surface (CS1) co-ordinate 
systems.  

Since CS1 has been brought into coincidence with the microscope co-
ordinate system (CSm) by aligning the specimen surface in the SEM and 
by taking the tilt angle (usually 70°) into account in CHANNEL, the 
orientation relationship between CS0 and CS1 thus allows us to correctly 
rotate the orientation data with regard to the specimen co-ordinates. 

The acquisition surface co-ordinate system (CS1) defines the orientation 
of the sample surface. In this co-ordinate system Z1 always refers to the 
normal of the acquisition surface, whereas X1 and Y1 are termed 
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according to their alignment with the microscope axes Xm and Ym. The 
sample primary co-ordinate system (CS0) defines the main axes of the 
specimen, e.g. for a rolled sheet of metal these would be called: rolling 
(RD = X0), transverse (TD = Y0) and normal directions (ND = Z0). 

 For more information refer to the first two images in the section 
called Calibration parameters in the chapter on Flamenco - 
Advanced EBSD Acquisition. 

Section browser  
In Salsa, a tool to allow the viewing of a section through an (M)ODF in 
Euler space.  

Click on View | Browser or . 
 See the sections called Browsing a section through the (M)ODF 

and Density profile in Salsa.  

SEM 
Scanning electron microscope - the source of the electrons that make up 
an EBSP. 

Flamenco can control the beam scanning and stage movement on most 
SEMs.  

SEM panel 
This is where the current SEM settings (tilt, Acc. V., magnification and 
stage position) are displayed and changed in Flamenco. By default the 
SEM Panel is docked into the Menu Panel and visible at all times. 

 See the chapter Flamenco - An Introduction for more details. 

 

Serial sections 
In Salsa, serial sections are a way of looking at sections through an 
(M)ODF in Euler space. 
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 See the section called Viewing serial sections through an 
(M)ODF in Salsa.  

 Click on the Serial section icon, . A right mouse click gives 
you access to Preferences, Export… 

 Select View | Ideal orientations to display a simulated ideal 
orientation. 

Smart sampling 
This is an intelligent sampling strategy to prevent oversampling of grain 
interiors during automated beam mapping in Flamenco. Ideal for the 
analysis of recrystallised (annealed) samples, smart sampling 
concentrates EBSD analysis at grain boundaries. It can be enabled when 
setting up a beam control mapping job. 

 See the Smart Sampling section in Flamenco -Advanced 
Acquisition for more details and a worked example. 

Specimen directions in terms of angles 
You can describe a specimen direction using two angles, α and β (not to 
be confused with the unit cell parameters). These angles are roughly 
equivalent to the longitude and latitude used to describe positions on the 
Earth’s surface. 

The following diagram should explain the conventions used for a 
specimen direction relative to the specimen’s x-, y- and z-axes. 

α, is an angle in the specimen’s x-y plane and is measured from the x-
axis anti-clockwise. It relates to the projection of the chosen specimen 
direction on to the x-y plane. 

β, is an angle that measures the chosen direction’s angle above the x-y 
plane (β=0°). Directions pointing towards the z-axis will have a positive 
value. 

The x-axis is equivalent to α=0°, β=0°. 

The y-axis is equivalent to α=90°, β=0°. 

The z-axis is equivalent to α=0°, β=90°. 
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α
β

 
 

Spikes 
Spikes are measurement points with a wrong indexing solution; spikes 
may occur where no or only very poor quality EBSP signals are 
generated, i.e. at grain boundaries, cracks, dislocation clusters, voids, 
inclusions or around damages on the sample surface. 

 See the section called Noise reduction in Tango. 

 You can go back to the raw data by pressing the Restore original 
data button (accessed by selecting the Edit | Nose reduction 
menu item) 

Subgrain boundary 
A boundary between neighbouring crystallites in an aggregate which is 
usually also referred to as a low-angle boundary. A subgrain boundary is 
usually associated with the recovery process in a deformed material and 
consists of dislocations localised in dislocation walls. 

 See the glossary entries for Low-angle boundary, Grain, Grain 
boundary and Grain reconstruction. 

Subset 
A fraction of a data set (project) which is of specific interest to and can 
be selected by the user from orientation maps or pole figures in order to 
analyse the microstructural or orientational properties of small-scale 
domainal features of the investigated material. 

Subsets are a key feature within the CHANNEL 5 suite of programs and 
can be created both manually and automatically using a wide variety of 
criteria. They can also be shared amongst the applications. 
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Program manager has facilities for manipulating subsets, e.g. a subset of 
large grains (from Tango) can be combined with a subset for a [100] fibre 
texture (from Mambo). 

 See the section called Subsets for more information on creating 
subsets from Mambo, Tango and Salsa. 

 The Range to subset pop-up menu item on most graphs is very 
useful for creating subsets. See the glossary entry for more 
details. 

 Subsets can be combined using Project Manager, see the Subsets 
panel section. 

 There are worked examples in Display a pole figure / ODF of the 
small (or the large) grains?, Display a map component only for 
grains of a certain texture component? and Determine the grain 
size statistics for a certain texture component? in the Frequently 
Asked Questions, How Do I ... section. 

Tango 
1) A program for displaying and analysing EBSD measurements from a 
regular grid of points on a specimen. 

 See the chapter overview for Tango. 

2) tang'go , n., a ballroom dance or dance-tune in 4-4 time, of 
Argentinian origin, characterised by long steps and pauses. [Chambers 
concise] or, in the words of the Arthur Murray School of Dance 
(Adelaide) – "A passionate, dramatic dance where men and women duel 
for dominance with a mix of lust and energy". 

Texture 
 See the glossary entry for crystallographic texture 

Twin boundary 
A high-angle boundary in a crystalline material with a specific 
orientation (twin) relationship of the neighbouring grains. This 
orientation relationship can be described as a rotation about a specific 
crystal direction, i.e. the most common twin boundary in cubic materials 
can be described by a 60° rotation about (111). This at the same time 
defines a Σ3 coincident site lattice. Twin boundaries are often formed 
during growth or are related to mechanical twinning. 

 See the section called Boundary components in Tango. 

 You can get CSL statistics (% of total boundary length) from 
Tango's Legend, see the section called The legend in Tango. 
Access it via View | Legend or click the legend icon, . You'll 
need to do a right mouse click on the graph and select Zoom 
Histogram, then just click on a column for the exact percentage. 
Another right mouse click on the Zoomed Histogram gives you 
Export Data…. 
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Twist 
1) A program for entering Crystal structure data. 

 For information on creating a match unit, see the sections called 
Creating a new Crystal and Reflector Intensity Calculations in 
Twist. 

Workspace 
This is the display part of Flamenco. All "actions" are shown here (e.g. 
imaging, band detection, indexing etc...) , each one with its own page 
which can be freely positioned, resized or hidden. Properties for each 
page are shown and altered on the adjacent Property Control Panel. 

 See the section "Managing the Layout" in Flamenco - An 
Introduction. 

Xm,0,1,2,3, Ym,0,1,2,3, Zm,0,1,2,3 
The X-, Y- and Z-directions referring to the different co-ordinate systems 
used in CHANNEL. 

 For more information refer to the first two images in the section 
called Calibration parameters in the chapter on Flamenco - 
Advanced EBSDAcquisition. 

Zero-solution 
A measurement point without a valid indexing solution; zero-solutions 
may occur where no or only very poor quality EBSP signals are 
generated, i.e. at grain boundaries, cracks, dislocation clusters, voids, 
inclusions or around damages on the sample surface. 

 See the section called Noise reduction in Tango and the Glossary 
entry for Spikes. 

 You can go back to the raw data by pressing the Restore original 
data button (accessed by selecting the Edit | Nose reduction 
menu item) 

 So the section called Setting the data points of a subset to zero 
solutions (nullifying) in Frequently Asked Questions, How Do I 
... section. 

 In Tango, press Ctrl Z to toggle View Zero Solution on/off. . 
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CRY file 
opening 2.7 
Saving 2.6 

Crystal 
Creating a new 2.4, 19.19, 21.17, 21.19, 21.20, 

21.30 
Crystal data 20.2 

Sources 2.2 
Crystal directions 

Cubic 19.10 
Crystal orientation indices 6.46 
Crystal structure 

Pseudosymmetry axis 6.14 
Crystal Systems 

The seven 19.7 
Crystallographic data 1.10, 2.4 
Crystallography 2.3 

A brief introduction 19.5 
Bravais lattices 19.7 
Brief introduction 19.5, 21.6 
Crystal Systems 19.7 
Cubic crystals 19.8 
Space Lattices 19.7 

CS0 9.10 
CS0 (sample primary) 9.10 
CS1 9.10 
CSL boundaries 

Map component 11.23, 11.24 
CSm 9.10 
Cubic crystals 19.8 
Cubic materials 

Body centred cubic (b.c.c.) 19.9 
Crystallographic formulae 19.13 
Face centred cubic (f.c.c.) 19.10 
Simple cubic 19.9 

Cubic planes and Miller indices 19.11 
Current project 9.6 
Cut-off 

Gaussian kernel estimatation 14.3 
Cycle control 

MAD 6.44 
Cycle Control 3.8 

D 

DAPP 6.49 
Databases 

searching 7.3 
Delay 

Argus 20 5.11 
delay time 5.5 
Delete 1.8, 2.3 
Delphi 1.2 
Density profile 13.13, 21.4, 21.8, 21.26 

Export Data 13.13 
Detector distance 6.37 
Detector Distance 5.34 
Detector orientation 6.38 
Diffraction 19.15 
Dilate 15.16 
Directions 

In a crystal 19.10 
Display 1.1, 1.2, 1.10 
Displaying 1.1, 10.6 
DLL 16.1 
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Docking and Undocking Windows 3.5 
drag-drop 1.7 
Drag-drop 1.7 
Dynamic calibration 

Setting up 6.49, 6.52 

E 

EBPS 
Pattern formation 19.15 

EBSD 1.1 
A brief introduction to 19.15 

EBSD 1.1, 1.2–1.6 
EBSD acquisition 1.1 
EBSD Acquisition 1.1, 5.1 
EBSP 

A brief introduction to 19.15 
Indexing a cubic 19.18 
Indexing an 19.18 
Pattern formation 19.15 

EBSP background correction 5.9 
EBSP Geometry 5.6 
EBSP production 5.8, 5.10, 6.47, 19.18 
EBSP Simulation 6.30 
EBSPs 19.15, 21.10 
Edit | Grain Area Determination 18.6, 18.12 
Edit | Measurement | Grain Area Determination 

11.47 
Edit | Measurement | Line Intercept 11.46 
Edit | New (M)ODF 13.8 
Edit | Noise Reduction 11.39, 11.42 
Edit | Remove 13.9 
Edit | Subset Selection 15.10 
Edit | This (M)ODF | (M)ODF wizard 13.9 
Edit | This (M)ODF | Parameters 13.9 
EDS counts 

subsets 9.8 
EDS Mapping 6.18 

EDS Counts Component 11.16 
EDS Windows 11.16 
Minimum cycle time 6.19 
Setting Up 6.18 

Electron Backscatter Diffraction 1.1, 20.1, 20.4 
Electron diffraction 20.3 
E-mail facility 6.33 
Euler 1, 2 or 3 

Map components 11.11 
Euler angles 5.40, 6.38, 6.42, 9.10, 9.12, 11.11, 

11.12, 11.13, 13.10, 13.13, 14.1, 14.2, 19.1, 
19.2, 19.3, 21.9, 21.11, 21.12, 21.19, 21.21, 
21.22 

Euler colouring 19.3, 21.12 

Euler space 1.1, 13.3, 13.4, 13.7, 13.8, 13.15, 
14.1, 14.2, 14.3, 14.4, 18.4, 18.6, 19.2, 19.3, 
21.8, 21.12, 21.25, 21.26 

Export 11.56 
Texture coefficients 13.17 

F 

Fibre 15.10 
Flamenco 1.1, 3.1, 21.13 

3-D simulation 5.29 
A Quick Start 8.1 
Accurate data collection 6.12 
Advanced Acquisition 6.1 
Advanced Indexing 6.6 
AOI 5.6, 5.23 
Area of interest 5.6 
Automatic Mode 5.46, 8.5 
Automatic pseudosymmetry solution 6.16 
Band Detection 5.23, 5.37 
Beam Scanning 5.50 
Breakpoints 6.9 
Clearing labels 5.44 
Closing Interactive projects 5.45 
Continuing an Interactive project 5.43 
delay time 5.5 
Discriminators 5.46 
EBSD Acquisition 5.1 
EBSP Geometry 5.6 
EBSP production 5.8 
EBSP Simulation 6.30 
Frozen SEM Image 5.3, 5.53, 5.55 
High speed data collection 6.11 
Hough space 5.25 
Imaging 4.1 
Importing settings from a project 6.28 
Interactive mode 8.4 
Interactive Mode 5.43 
Job List 5.48 
Live EBSP 5.5, 5.8, 5.10, 5.11, 5.41, 5.46 
Managing The Layout 3.5 
Match Units Window 5.30 
measuring tool 5.4 
Menu Panel 3.5, 3.6, 3.7, 3.8, 3.14 
Monitor 6.35 
Multiple solutions 5.44 
O-lock 5.24, 5.27 
O-lock index 5.27 
Phase database 5.30 
Phase ID 7.1 
Positioning the beam 5.4 
Project header info 5.45 
Property Control Panel 3.5, 3.8 

Oxford Instruments HKL Technology CHANNEL 5 Index  • 22.3 



Pseudosymmetry 6.14 
Reflector Browser 6.7 
Restarting a Job 6.10 
Safe Sampling 6.4 
Sampling Strategies 6.2 
Saving EBSPs 6.19 
SEM panel 3.14 
Setting Up for Indexing 8.3 
Smart Sampling 6.2 
solution page 5.27 
Stage Scanning 5.54 
Starting 3.4 
Starting Up 8.2 
Time estimates 6.35 
Tools and Options 6.32 
Working without an imaging system 4.18 
workspace 3.5, 3.7, 3.8 

Forescatter System 
Amplifier 17.1 
Examples 17.3 
Gain setting 17.1 
Interference 17.5 
Introduction 17.1 
Using 17.1 

Formulae 
Cubic 19.13 

Frequently asked questions 18.1, 21.14, 21.17, 
21.18, 21.22, 21.23, 21.24, 21.29, 21.30 

Frozen SEM Image 5.3 
FSD System 

Introduction 17.1 

G 

Gain Level 5.18 
Gaussian kernel estimation 

Cut-off 14.3 
ODF calculation methods 14.2 

Gaussian Kernel Estimation 14.3 
General 0.1, 18.2 
General prefences 

Tango 10.11, 11.23, 11.24, 11.55 
General preferences 10.11, 11.55 

Mambo 10.6, 10.11, 11.38, 11.55, 13.5, 15.9, 
15.10 

Salsa 10.6, 10.11, 11.38, 11.55, 13.5, 15.9, 
15.10 

Zero solutions 10.11, 11.55 
Glossary 1.10 
Gnomonic projection 19.18 
Grain 

Filling with average orientation 11.51 
Highlighting a 18.2 

Grain area determination 11.47 
Example 11.31, 11.49 

Grain boundaries 11.38 
;Map component 16.6 

Map component 11.22 
Grain reconstruction 11.40, 11.47, 18.6, 21.4, 

21.13, 21.14, 21.17, 21.18, 21.28 
Grain shape 

Map component 11.33 
Grain size 

Map component 11.31 
Grain size histogram 18.6 
Grain size measurement 18.6 
Grain Statistics 18.6 
Graphics overlay 6.7 
Graphs 

Zooming and out 15.13 

H 

Handset 5.14 
Handset 

troubleshooting 5.15 
Harmonic method 20.3 
HASP 1.6 
Help 

Topics 1.10 
Hide anti-subset 18.11 
Highlight 

Grain 18.2 
Histogram 15.16 

Grain size 15.13 
Pole Plot 15.13 
Subsets 15.13 

HKL website 
EBSD literature 20.1 

Hough space 5.25 
Resolution 5.25 

I 
icons 1.7 
Ideal orientation 

Creating an 9.11 
Ideal orientation manager 9.11, 11.13, 13.16 
Ideal orientations 

Viewing in Salsa 13.15 
image compression 6.20 
Imaging system 4.1 

Acquiring an image 4.3 
Enhancing 4.4 
Saving and exporting images 4.8 
Scanning 4.3 
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Starting 4.2 
Using an image for EBSD analyses 4.8 

Import 
Project manager 18.2 

Index 1.9 
Indexing a cubic EBSP 

A brief introduction 19.18 
Indexing the EBSP 5.38 
Inkling 1.10, 9.3, 11.3 
Interactive Mode 5.43 
Internal Statistics 

Map Component 11.34 
Interphase Boundary Components 11.27 
Interplanar spacing 

cubic materials 19.13 
Inverse pole figure 10.9 
Inverse Pole Figure Component 11.18 
Inversion centre 19.6 
Inverting Subsets 15.10 
Items 1.9 

J 

Job List 5.48 
Job Matrix 5.56, 21.15 

K 

Keyboard shortcuts 1.8 
Kikuchi band 5.37, 5.47 
Kikuchi bands 5.25, 5.33 

A brief introduction to 19.15 
Comparing with reflectors 6.6 
Cones 19.15 
Formation 19.16 
Geometry 19.16 
Hyperbolae 19.15 

Kikuchi Map 5.32 
Kuwahara filter 11.41 

L 

Lattice Correlation boundaries 11.27 
Lattice parameter 

Cubic materials 19.9 
Laue group 2.7 

Converting to Space group 2.7 
Legend 

Range to subset 11.37 
Tango 11.23, 11.24, 11.36, 21.2, 21.3, 21.5 

Legend 15.13, 15.16 
Line intercept 11.46 
Line intercepts 11.46, 21.14, 21.17 
Line Scans 5.51 

Live EBSP 5.5 
Load CRY file 2.7 
Local Misorientation Component 11.20 

M 

MAD 5.27, 5.29, 5.39, 5.40, 5.47, 6.7 
Map component 11.11 

Mambo 1.1, 10.1, 19.14 
;General preferences 16.3 

Adding data to a subset 15.5 
Blinking to highlight data 18.2 
CHANNEL 5 1.1 
General preferences 10.4, 10.11, 11.22, 11.23, 

11.24, 11.31, 11.37, 11.55, 13.5 
PF axis for PCS 10.6, 10.7, 10.12 
Running 10.2 
Subset selection 15.5 
Subsets 15.5 
Toolbar 10.2 

map 1.2, 1.8 
Map 

How it is constructed 11.4 
Map component 

;Properties 16.3 
;Properties 16.6 

Creating a 11.8 
Properties 11.8, 11.12, 11.14, 11.36, 11.37 

Map component types 11.6 
Map composer 11.3, 11.6, 11.7, 11.8, 21.18, 

21.22 
Map Correction Settings 12.8 
Mapping 5.52 
Mapping window 11.5, 11.51 
Mapstitcher 

Map Correction Settings 12.8 
Systematic Orientation Rotation 12.9 
Systematic Shift 12.7 
Trim Map Controls 12.9 

MapStitcher 1.1, 12.1 
Loading a Job Matrix 12.4 
loading individual projects 12.3 
Positioning Individual Maps 12.6 
Saving Stitched Projects 12.10 
The Display Controls 12.5 

Match units 2.1, 19.19 
A brief introduction 19.19 

Match Units 5.30 
Max number of reflectors 5.33 
Maximise 1.7 
Mean angular deviation 6.44 

MAD 6.7 
Mean Angular Deviation 5.27 
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Measure intercepts, Tango 11.46 
measuring tool 5.4 
Menu Panel 3.5 
Miller indices 19.11 
Miller indices and Cubic planes 19.11 
Minerals 

Crystal data sources 2.2 
Minimum intensity 5.28, 6.8 
Mirror 19.5 
Misorientation angle distribution 9.5 
Misorientation axes 

Displaying 10.10 
Misorientation Axis Component 11.25 
Misorientation data 

Creating 9.4, 9.12, 10.10, 21.2 
Misorientation distribution function 20.3 
Misorientation profile 11.3, 11.5, 11.45, 11.53, 

21.2, 21.20, 21.24, 21.25 
Accumulated 11.45 

Misorientation profile labels 11.45 
MODF Parameters 14.2 
Modified project files 

Saving 18.16 
Monitor 6.35 
Moving 1.7 
Moving a window 1.7 
Moving groups of windows 

Using the Control key 1.7 

N 

New Map 1.8 
Noise reduction 6.14, 11.39, 11.49, 15.7, 15.16, 

21.20, 21.28, 21.30 
Nordlys 

background collection 5.17 
Binning 5.16, 5.17 
Detector 5.13 
EBSP collection 5.16 
Endstops 5.13 
frames per second 5.16 
Gain Level 5.18 
Handset 5.14 
Timing per frame 5.18 
troubleshooting 5.15 

Normal direction 14.2 
Nullify 15.16 
Nullifying 15.16, 21.30 

O 

ODF 
Calculation methods 14.2 

Creating an 13.7, 21.1, 21.7, 21.21 
Gaussian kernel estimatation cut-off 14.3 
Half scatter width 14.3 
Harmonic 14.4 
parameters 13.9 
Resolution 14.2 
Sample symmetry 14.4 
Spherical harmonic 14.4 
Texture Coefficients 14.4 
Viewing an 13.9 
Weighting 14.3 

ODF calculation methods 
Gaussian kernel estimation 14.2 
Series expansion method 14.3 

ODF calculations 
Introduction to 14.1 

ODFs 
Recommended parameters 14.4 

Offline re-analysis 6.22 
OI value 21.21 
O-lock 5.27, 6.13, 21.21 
O-lock index 5.27 
OMC 1.2 
Open component 16.3 
Open map component 1.2, 11.14, 16.1 

DLL 16.4 
Open Map Component 1.2 
Open map components 16.1, 21.21 
Orientation Averaging filter 11.40 
Orientation Distribution Function (ODF) 

Introduction to calculations 14.1 
Orientation map 

Creating a 11.43, 19.4, 21.12, 21.22 
Orientation relationship boundaries 11.28 

P 

Pattern centre 6.37 
Pattern Centre 5.34 
Pattern source point 6.37, 19.15 
Pattern units 6.37 
Phase 

Determine percentage of 18.14 
Eliminating from a project 18.15 
Map component 11.7, 11.12, 11.23 
Percentage of 18.14 
Selecting for indexing 5.32 

Phase boundaries 
Map component 11.23 

Phase database 
creating 5.30 
Loading 5.30 

Phase ID 7.1 
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Integrated with EDS 7.12 
Multiple Solutions 7.10 
No Good Solution 7.10 
Report Generator 7.18 
Short cuts in Flamenco 7.11 
Worked Example 7.22 

Phase lock 6.24 
Phase-ID 21.23 
Phosphor 19.17 
Point Scans 5.50 
Poject Manager 

Current project 9.6 
Pole figure 

Example of creating a 10.6 
Sheet composer 10.5 

Pole figures 10.3, 10.4, 10.6, 10.9, 19.13 
A brief introduction to 19.13 

Pole plot 10.7 
Positioning the beam 5.4 
Print 1.8 
Printer 1.6 
Producing an EBSP 

A brief introduction 19.17 
Project 

Attaching 9.3 
Opening in project manager 9.3 

Project | Attach to... 9.3 
Project | Open 1.9, 9.3, 10.3, 11.4, 13.3 
Project | Properties 15.9 
Project | Save… 18.16 
Project Information and Statistics 9.7 
Project manager 1.1 

Applications panel 9.6 
Nullify subsets 15.16 
Subsets 15.2 

Project Manager 1.1, 9.1, 9.2, 10.11, 11.55, 13.5, 
15.2, 18.2, 21.4, 21.23, 21.24 

Combining projects 9.7 
Projects treeview 9.6 
Running 9.2 

Project properties 
Salsa 13.4 

Projects 
combining 9.7 
Treeview 9.6 

Projects treeview 9.6 
Properties 18.16 
Properties panel 

Project manager 9.9, 18.16 
Property Control Panel 3.5 
pseudohexagonal 6.14 
Pseudosymmetry 6.14, 21.23 

Defining a pseudosymmetry relationship in 
Flamenco 6.15 

Removing misindexings 11.40 
Reomving misindexings 11.53 

R 

Range to subset 15.13, 18.7 
Recalculate Open Component 16.5 
Recommended parameters 

ODF, Salsa 14.4 
Record Browser 

Project manager 9.4, 9.12, 18.2, 21.8, 21.24 
Recrystallised fraction 18.2 
Recrystallized 

Determining fraction 18.2 
Map component 11.15 

Rectangular Hough 5.25 
Refinement 

Calibration parameters 6.44 
Detector orientation 6.45 

Reflect intensity 
Calculating 2.9 
Calculations 2.8, 19.19, 21.19, 21.20, 21.30 

Reflector 2.8 
Reflector Browser 6.7 
Reflectors 

Critical choice 6.6 
Save to file 2.10 

Refresh 1.8 
Reinitialising the camera 5.5 
Removing a phase 15.16 
Renaming subsets 15.3 
Repeating Projects 6.21 
Report Generator 7.18 
Resolution, ODF 14.2 
Restarting a Job 6.10 
Rodrigues-Frank orientation component 11.17 
Rotate 

EBSP data 18.16 
Rotation axis 19.6 
Running programs from project manager 9.6 
Running Twist 2.2 

S 

Safe sampling 21.25 
Safe Sampling 6.4 
Salsa 1.1, 13.1, 19.3 

(M)ODF Parameters 14.2 
3d view toolbar 13.4 
Blinking to highlight data 18.2 
Calculation methods 14.4 
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CHANNEL 5 1.1 
Critical misorientation angle 14.2 
General Preferences 15.10 
Hide anti-subset 15.9 
Introduction 13.1 
Legend 15.13 
Remove (M)ODF 13.9 
Resolution 14.2 
Section browser 13.10 
Serial Sections Preferences 13.15 
Subset 15.9 
Subset selection 15.9 
Symbol size 15.9 
Texture Coefficients 13.17 
Toolbar 13.2 
Vertical/Horizontal density profile 13.13 

Sample primary 9.10 
Sample symmetry 11.14, 16.2 

ODF 14.4 
Sampling Strategies 6.2 
Save to CRY file 2.6 
Save to HKL file 2.10 
Saving EBSPs 6.19 
Saving modified project files 18.16 
Saving subset masks 15.15 
Scaling 11.39 
scanning electron microscope 1.1 
Schmid factor 

Map component 11.13, 11.14 
Section 14.3 
Section browser 13.10 
SEM 1.1 
SEM magnification 

Calibration 6.47 
SEM panel 3.14 
Semi-Transparency 11.7 
Serial section 

Pop-up menu 13.15 
Serial sections 13.14 

Viewing, in Salsa 13.14 
Serial Sections Preferences 13.15 
Series expansion method 

Harmonic 14.4 
ODF calculation methods 14.3 

Series Expansion Method 14.4 
Set Min/Max 11.37 
Setting up the SEM 4.3 
Setting up your SEM 3.13 
Silicon 6.39 
Simultaneous EDS 

worked example 15.18 
Size statistics 18.12, 21.7, 21.14, 21.17, 21.24, 

21.29 

Smart sampling 21.27 
Smart Sampling 6.2 
solution page 5.27 
Space group 2.4 
Space Lattices 19.7 
Special boundaries 11.38 

Map component 11.23, 11.24 
Specimen directions as angles 21.9, 21.27 
Specimen positioning 3.13 
Specimen Preparation 3.11 
Spikes, extrapolation 11.39 
Stage scanning 

Line Scans 5.54 
Mapping 5.55 

Strain Contouring 
Map Component 11.31 

Structure factor 2.9 
Structure factor calculations 2.9 
Subset 

Dilate 15.16 
Phase 9.8, 15.3, 15.4 
Renaming 15.3 

Subset 1.2 
Subset masks 

Loading 15.15 
Saving 15.15 

Subset selection 
Mambo 15.5 

Subsets 1.1, 9.8, 10.11, 11.38, 11.40, 11.55, 
13.6, 15.1, 15.2, 15.3, 15.6, 15.9, 15.10, 
15.11, 15.15, 18.11, 21.17, 21.24, 21.28, 
21.29 

AND 15.12 
Anti-subset 15.10 
Combining 15.10 
Combining and inverting 15.10 
Create new empty subset 15.3 
Histograms – range to subset 15.13 
Introduction 15.1 
Inverting 15.10 
Mambo, adding data to 15.5 
NOT 15.13 
Nullify 15.16 
OR 15.12 
Project manager 15.2 
Removing a phase 15.16 
Renaming 15.3 
Saving subset masks 15.15 
Selection from histograms 15.13, 21.17, 21.24 
Tango, adding data to 15.7 
XOR 15.12 
Zero solutions, setting to 15.16 

Subsets 1.1 
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Subsets panel 
Project manager 9.8, 15.3, 15.6, 15.11, 21.29 

Support 1.2, 1.9 
Symmetry 19.5, 20.2, 21.16 

A brief introduction 19.5 
Cubes 19.5 
Inversion centre 19.6 
Mirror 19.5 
Of a cube 19.5 
Rotation axis 19.6 

System report 
Computer 18.18 
Flamenco 18.21 

T 

Tango 1.1, 11.1, 16.1 
Adding data to a subset 15.7 
Attaching to a project 11.4 
Average Orientations 11.51 
Band contrast map 11.38 
Blinking to highlight data 18.2 
CHANNEL 5 1.1 
Colour-OMC 16.1, 16.6 
Create new map 11.38 
Critical misorientation angle 18.6 
EDS counts 15.18 
EDS Counts Display 11.16 
Euler all map 11.43 
General preferences 10.11, 11.9, 11.10, 11.11, 

11.12, 11.13, 11.14, 11.38, 11.55 
Grain area determination 11.47, 18.6 
Grain boundaries 11.38 
Grain reconstruction 11.47 
Grain shape component 11.33 
Grains, adding to a subset 15.7 
Histogram 15.16 
Inverse Pole Figure Component 11.18 
Line intercept 11.46 
Local Misorientation Component 11.20 
Map composer 11.7 
Measure intercepts 11.46 
Misorientation Axis Component 11.25 
Misorientation profile 11.45 
Misorientation profile labels 11.45 
Noise reduction 11.39, 15.16 
Regions, adding to a subset 15.7 
Rodrigues-Frank orientation component 11.17 
Scaling 11.39 
Special boundaries 11.38 
Spikes 11.39 
Spikes, extrapolation 11.39 
Subset adding a region of a map 15.6 

Subset adding small grains 15.7 
Value-OMC 16.1, 16.6 
View zero solutions 11.38 
Younger Boundary Component 11.26 
Zero solution map 11.38 

Taylor 
Map component 11.13, 11.14 

Taylor factor 11.14, 16.2 
TaylorCubicX.dll 16.1 
Template 1.8 
Template manager 1.8, 10.3, 10.5, 10.6, 10.9, 

10.10 
Texture 1.1, 18.8, 18.12, 20.3 

Map component 10.7, 11.12, 21.7 
Texture coefficients 13.17 

ODF 14.4 
Texture coefiicients 13.17 
Texture component 18.8, 18.12 

Map of grains with a 18.8 
Tilt Correction and Magnification 4.6 
Time estimates 6.35 
Timing per frame 5.18 
Toolbar 

Mambo 10.2 
Salsa 13.2 
Twist 2.3 

Topics 
Help 1.10 

Twist 2.1 
Clinopyroxene example 2.15 
Dolomite example 2.11 
Running 2.2 
toolbar 2.3 
Unit Cell Simulation 2.18 

Dolomite 2.11 

U 

Unit cell 2.11, 2.15, 19.6, 19.8 
Brief introduction to 19.6 
Cubic 19.8 

Unit cell parameters 19.6 
Unit Cell Simulation 2.18 
Useful background information 19.1, 21.6, 

21.10, 21.12 
User meetings 1.2 
User network 1.2 
User profile 9.2, 10.2, 11.2, 13.2 
User Profiles 3.11 

V 

V/H ratio 6.37 
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Value-OMC 16.1, 16.6 
View 1.8 
View | Browser 13.10 
View | Click Mode | Current Record 18.2 
View | Density Profile | Horizontally 13.13 
View | Serial Sections 13.14 
View | Texture Coefficients 13.17 
View zero solutions 11.38 
Virtual chamber 

Project manager 9.10 

W 

Weighting, ODF 14.3 
Window 1.7, 1.10 
Working Distance 5.34 
Working without an imaging system 4.18 
Workspace 3.5, 3.7 
Wyckoff fomulae 2.14 
Wyckoff symbols 2.14 

Y 

Younger Boundary Component 11.26 

Z 

Zero Solution 1.8 
Zero solution map 11.38 
Zero solutions 10.11, 11.55, 15.16 
Zone axes 6.37 
Zoom 1.7 
Zoom histogram 11.36 
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