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Strengths of APT

Atom Probe \

Tomography

Count

6 10 14 18 22 26
Mass to charge ratio (Da)

» 3D information with nm spatial
resolution

« Excellent mass resolution

« Sensitivity of ~10 ppm and
independent of atomic mass

» Identification of ions by mass to
charge ratio makes inter-

kpretation ,simple“ and robust/

APT excellent for measuring chemistry at nm scale of

1D defects (segregation at dislocations)
2D defects (segregation to grain / phase boundaries, stacking faults)
3D bulk objects (precipitates, thin films, grains)

Comparison: Chemical analysis in TEM and APT

/ Transmission Electron Microscopy \
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Accuracy depends on z-number
Insensitive for light elements

Complex spectrum
Deconvolution required

— Quantitative chemical analysis on nm scale is usually done easier or more accurately by APT than by TEM
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Atom Probe Tomography — Specimen Size

/

Atom probe tip
~ 50 nm thickness

1000 x thinner than
a human hair!
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Sample Preparation by Electropolishing
» Wire cutting — rough polishing — fine polishing — check with SEM or OM

» Non-site-specific

» Electrolytes are materials-specific
» Requires conductive material

» Needs practice

» Cheap
a + |I |I - b + || b b
L ‘ P :
Microscope
Electrolyte
| electrolyte
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Inert layer l Electrolyte [Power Source
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APT Sample Prepartion by FIB-Liftout

I AR

Sample Preparation for Atom Probe Tomography
Dr. rer. nat. Ahmed Shariq
Fraunhofer Center for Nanoelectronic Technologies

mag| tilt
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Cold-drawn Pearlitic Steel Wire

| 1 n n l | | %
140 120 100 80 60 40 20
z £=6
eC Ciso-concentration (7 at.%) 400° C/05h
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Characterization of GB Segregation

Crystallographic parameters for GB description
« 2 x rotation axis

« 1 x rotation angle

« 2 x GB normal

« 5 macroscopic parameters

GB segregation

« Depends on all cryst. parameters

« Often involves light elements

* Happens in < 2 nm distance from interface

* Requires accurate near-atomic scale joint
crystallographic plus chemical information
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Why Combine TEM and APT?

Crystallographic analysis is often challenging,
sometimes even impossible for APT

.
\\\\\
s T

Correlative TEM / APT ; R

« Combines the best of both worlds I
* Access to answers of many fundamental materials | '
science questions

.
.
- %

* (Grain orientations) « Slip bands

* (Orientation relationships) « Crystallographic phase identification
« Dislocations » Atomically resolved defect structure
« Stacking faults « Strain gradients

« Grain / phase boundaries

Here, TEM is usually better suited
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Setup for Correlative TEM / APT

F,!,Em’-m-&mmﬂ *mp

= e - e
/ | single-tilt | 48 "

- 5mm

transfer to double-tilt

The ,,grid holder*
M. Herbig et al., Ultramicroscopy (2015)
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Characterization of GB Segregation

BF-STEM micrograph of cold-drawn pearlite
£ =6.52, 2 min at 400° C 100 nm

Scanning nano beam diffraction

Measured using ASTAR (Nanomegas)
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Characterization of GB Segregation

5 GB parameters

N elements

~20 GBs / sample
No target preparation

® Carbon atoms

(LoD,

Lo 1) " (-1 | M. Herbig, et al., PRL (2014)
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Correlative TEM / APT

® Carbon atoms

® 9 at% C isosurface

50 nm

M. Herbig et al., Physical Review
Letters 112, 126103 (2014)
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Segregation to Dislocations

M. Kuzmina, M. Herbig et al. Science (2015)

Fe-9wt%Mn: 50% cold rolled, 450° C/ 6h

“ Mn
* Fe
““Mn 11 at% isosurface

, Germany M. Herbig




Segregation to Dislocations in Fe-9Mn

M. Kuzmina, M. Herbig et al. Science (2015)

Fe-9wt%Mn: 50% cold rolled, 450° C/ 6h

Mn
®* Fe
Mn 11 at% isosurface
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Deformation Mechanism of Metallic Glasses

S. Balachandran, J. Orava, M. Koéhler, A.J. Breen, |. Kaban, D. Raabe, M. Herbig, Scripta Materialia (2019)

HAADF-STEM o

High density

Shear band
HAADF-STEM on APT sample

APT: Al distribution (volume renderer)
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orrelation: HR-STEM on APT needle (faceted 29 in Si)
C.H. Liebscher et. al, Phys Rev Lett 121(1) (2018).
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True 1:1 correlation: APT vs. HR-STEM (faceted 29 in Si)
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Thank you for your attention!
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