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Among the beam side ”products” of the electron-material interaction:

Elastically scattered electrons. There is no energy loss,

the change in direction is about a few degrees. In the 

case of crystalline materials, this direction is determined 

by the Bragg-equation.

They are used by TEM diffraction, TEM dark field 

imaging, High Resolution Transmission Electron 

Microscopy (HRTEM)
and the

EBSD  (Electron BackScattered 

Diffraction) system

EBSD  –  its a result of several processes: multiple scattering and interference
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Thin single crystal samples give raise of diffraction spots (thicker sample – Kikutchi-lines)

How it works?

                         In the case of thick sample and focussed beam there are Kikuchi-bands:

• elastic and inelastic (with small energy loss) electron-electron collisions

nλ=2d sinΘ

For electrons with 20 – 30 keV energy  is small   is small

elastic scattering

• Bragg-scattering on the electrons of the crystal planes

interference
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vertical hitting tilted hitting

BSE yield:

Monte-Carlo simulation:

Optimizing the excitation
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 Bragg diffraction on the top 20 nm layer

 Kossel-cones corresponding to the Bragg directions

 Each set of diffraction planes have their
corresponding band

 The screen is small compared to
the radius of the cones

 Kikuchi bands

 the dynamic scattering theory model gives the detailed 
explanation (not the kinematic theory)

EBSD imaging
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 Hikari camera
• phosphor surface on vacuum side
• Imaging optics made from special glass
• novel CCD chip.

 software (OIM 5.2)
• quick EBSD data collection
• triplett indexing capability – more accurate indexing
• integrated camera console
• image processing can be selected

 450 pps (indexed patterns per second) processed image 
recording speed

EBSD kép
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Band Detection

looking for the bands – Hough transformation:

(x,y) plane → () rectangle

(x,y)







ρ i= x k cosΘi+ yk sinΘi

I (ρ ,Θ )=∑
k

I ( xk , yk )




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•calculating the Hough diagram

•maximum searching – bands

•indexing (crystal structure data)

Phase determination I.
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•indexing (crystal system data)

•weighting the possible solutions

•crystal orientation and phase

Phase determination II.

VotingTable



EBSD rendszer

10

FEI Quanta 3D SEM/FIB
10

Geometrical setup:

• Sample tilted by 70°

• camera tilted by -7°

• working distance: wd = 5-15 mm

             (depending on Z, the element 

number)

• camera distance: z* = 30-150 mm

EDAX – FEI setup

wd

z*
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EDAX – FEI setup

Hikari camera 
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elektron oszlopion oszlop

omniprobe 
nanomanipulator

door of sample
chamber
sample holder with
mechanical movement
using the buttons

gas injectors

EBSD detector

cont. dynode electr.
multiplier = CDEM 
detector (SE, SI)

EDX detector

GSED amplifier
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•Determining the orientation of grains.
•Determining the distribution of grains on the whole surface.

What is it for?  I.

Material investigation technique in SEM:

examining bulk policrystals surface (clean and smooth sample)



EBSD rendszer

15

FEI Quanta 3D SEM/FIB
15

What is it for?  II.

 local texture determination

 to see the changing of orientation or to correlate 

orientation from point to point

 identifying the phase and its distribution

      quantitative structure analysis

 3D structure determination (+FIB)

      spatial resolution ~ 50 nm   SE image of rolled iron sample

map of grain orientations inverse pole figure
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If indexing not enough

e.g. same crystallographic phase, but different chemical 

composition

Parallel use of EDS detector:

Parallel to the EBSD data collection, the X-ray intensity is 

recorded and the distribution of elements is obtained

in the case of same crystal structure, the grain can be determined 

based on the chemical composition

copper-nickel two-phase cubic system (austenite / ferrite)

Orientation map Image Quality and phase map
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