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e |Introduction:
— Diffraction techniques in the SEM
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EBSD-based orientation microscopy
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- Spatial resolution: lateral ~ 20 ... 80 nm, depth ~ 10 nm
* Angular resolution: conventional 0.5°, special > 0.01°
< * Measured area: ym? ... cm? >
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Diffraction techniques in SEM ;
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e A bit of theory:

— Electron scattering mechanisms and electron
channelling
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Physical

Scattering
angle
Energy loss

Scattering
cross section

Importance for
SEM diffraction

Max-Planck-Institut fir Eisenforschung, Disseldorf, Germany

Classification

phenomenon

Bragg Phon9n Core loss scattering Multip
scattering scattering scatter

le
ing

elastic & quasi-elastic & . L inelastic &
. inelastic & incoherent .
coherent incoherent incoherent
formation of electro- S
A N Combination of
coherent magnetic radiation (x- .
forward - elastic and
Bragg . rays, light), plasmons, . .
. : scattering inelastic
diffraction secondary electrons :
scattering events
etc.
small medium Very small eliloernrtg%llltell ?;Z
(<5°) (< 10°) (<1°) (up to 180°)
0 <leV several 10 eV to keV eV to keV
f2exp(—2W) el Various Various
€ — exp(—2W)]
e EBSD ECCI ECC

-
—
-

Intensity

Energy

H
n
($)
3
3

incoherent out

phonon &
core-loss
scatteri

N

‘l
i\

i

¢
3

t

v
|

Y
&
(

=i

Max-Planck-Institut fir Eisenforschung, Disseldorf, Germany

—— plane waves
/\/ Bloch waves

K\ Scattering event

S. Zaefferer:EBSD & ECCI
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Total electron density in dependence of excitation
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The total electron wave density !
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Outline

e Defect observation by ECCI
— Stacking Faults
— Dislocations
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Calculation of defect contrast (stacking fault)
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Contrast of stacking faults
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Calculation of defect contrast (edge dislocation)
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Observation of dislocations (Fe-Si alloy, bcc)
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'Observation of dislocations (TWIP steel, fcc)
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Burgers vector determination by cECCI

| Dislocation spacing, D ~60nm D= |b|/6 = |b| =03 nm |
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Burgers vector determination by cECCI
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Mag = 5000 KX WD = 60mm EMT=15.00kV "Signal A = QBSD Date|
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determination by cECCI

Mag = 50.00 KX WD ='53mm. EHT= 15.00 kv Signal A = OBSD Date)
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Burgers vector determination by cECCI

WD = 60mm EHT =1500KY Signal A = QBSDDat
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ECCI under controlled diffraction conditions (cECCI)

70 nm matrix twin

y:4°/ z: 83°
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e Application examples for the ECCI technique
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Mag = 50.00 K X WD= 74mm EHT=1500kV Signal A=QBSDDate :2 May 2011

dislocation density determination
p:14.2x108m?
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'Dislocation density determination on bulk samples [/
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Large area defec ervatio on bulk samples ;
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In-situ deformation experiments

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

7 % plane strain +15 % compression

Max-Planck-Institut fiir Eisenforschung, Diisseldorf, Germany ' S. Zaefferer:EBSD & ECCI

In-situ deformation experiments
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Conclusions

e cECCI: electron channelling contrast imaging
under controlled diffraction conditions

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

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

 |deal applications: observation of bulk, large
samples, in-situ straining experiments
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