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pole figures

deformed 

recrystallised grains

inverse pole 
figure map

• Spatial resolution: lateral ~ 20 … 80 nm, depth ~ 10 nm
• Angular resolution: conventional 0.5°, special > 0.01°
• Measured area: µm² … cm²

grain boundary 
character
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EBSD‐based orientation microscopyEBSD‐based orientation microscopy

BSEI of a partially 
recrystallised IF steel
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Electron channelling contrast imaging (ECCI)Electron channelling contrast imaging (ECCI)
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Diffraction techniques in SEMDiffraction techniques in SEM
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Scattering MechanismsScattering Mechanisms
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Phonon 
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coherent
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incoherent

Physical 
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forward 
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formation of electro-
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Combination of 
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Backscattering (ECCI) and forward scattering (EBSD)Backscattering (ECCI) and forward scattering (EBSD)
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Total electron density in dependence of excitationTotal electron density in dependence of excitation
e-
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The total electron wave density The total electron wave density 
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Calculation of defect contrast (stacking fault)Calculation of defect contrast (stacking fault)
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Integration of channelling and 
backscattering conditions  

• Straight bright line at 
intersection with surface

• Fading contrast on opposite 
side

• Intensity oscillations with 
depth

back-
scattering
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Contrast of stacking faultsContrast of stacking faults
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Calculation of defect contrast (edge dislocation)Calculation of defect contrast (edge dislocation)
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• Bright spot at intersection with 
surface

• Fading contrast with increasing 
depth

• Intensity oscillations with 
depth
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Observation of dislocations (Fe‐Si alloy, bcc)Observation of dislocations (Fe‐Si alloy, bcc)
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Observation of dislocations (TWIP steel, fcc)Observation of dislocations (TWIP steel, fcc)
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Dislocation spacing, D ~60 nm D = |b|/ |b| = 0.3 nm

200 nm

Burgers vector determination by cECCIBurgers vector determination by cECCI
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ECCI under controlled diffraction conditions (cECCI)ECCI under controlled diffraction conditions (cECCI)

The following steps are required: 
1. Measure crystal orientations using EBSD  
2. Simulate ECP Patterns 
3. Tilt sample to determined 2-beam conditions

matrix twin

y:16º/ z: 83º

y:4º/ z: 83º

70 nm

I. Gutierrez-Urrutia, S. Zaefferer, D. Raabe (2009), Scripta Materialia 61, 737-740
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Dislocation density determination on bulk samplesDislocation density determination on bulk samples

dislocation density determination 
 : 1.4 … 2 x 1013 m-2
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Large area defect observatio on bulk samplesLarge area defect observatio on bulk samples
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Inverse pole figure map (TD direction)
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In‐situ deformation experimentsIn‐situ deformation experiments

Schmid factor map for compression
along TD direction

Experiment: uniaxial compression of a predeformed TWIP steel sample
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In‐situ deformation experimentsIn‐situ deformation experiments

7 % plane strain + 1.5 % compression
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In‐situ deformation experimentsIn‐situ deformation experiments

7 % plane strain + 1.5 % compression
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ConclusionsConclusions

• cECCI: electron channelling contrast imaging 
under controlled diffraction conditions

• cECCI enables lattice defect observations at high 
spatial and angular resolution

• Images appear comparable to classical TEM dark 
field images but are created from the surface of 
bulk samples (< 100 nm of visibility)

• Ideal applications: observation of bulk, large 
samples, in‐situ straining experiments




