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Laser Ablation: A New Approach to
APT Specimen Preparation
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INTRODUCTION
Laser ablation as a specimen preparation technique has the potential to expand the applications space of atom probe tomography (APT). This technique uses a femtosecond laser to carve out a specimen within the bulk sample surface rather than
using standard liftout methods in a focused ion beam (FIB-SEM) system. There are several advantages to laser ablation specimen preparation such as reduced time-to-knowledge, large area sampling, and applications where the use of gas
deposition system for welding the sample becomes challenging. In this work, we demonstrate the user of laser ablation to prepare APT specimens from a duplex stainless steel, with data acquired in a CAMECA LEAP® 5000XR atom probe.

STANDARD APT SPECIMEN PREPARATION

ATOM PROBE DATA ACQUISITION AND ANALYSIS
The samples with the laser ablated
specimens were epoxied to SEM stubs, then a)
secured in a modified CAMECA specimen
puck. The top and bottom camera views in
CAMECA Acquisition Control Center™ (ACC)
software were used to align the specimen to
the local electrode, shown in Figure 6.

The lift-out method is a common technique for atom probe
specimen preparation; the key steps are shown in Figure 1 [1].
Using a FIB-SEM, a wedge of material is removed from the bulk.
This wedge is then attached to a micromanipulator using a gas
injection system (GIS), then propagated to carrier substrates.
Each mount is then annularly milled to create a needle shape
less than 200 nm in diameter. The technique becomes more
challenging in scenarios where the GIS cannot be controlled,
such as cryogenic specimen preparation [2].
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LASER SPECIMEN PREPARATION METHODOLOGY
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ZEISS LaserFIB has a femtosecond laser module attached to a ZEISS Crossbeam
FIB-SEM. This system, shown in Figure 3, combines the capabilities of rapid laser
ablation and precise FIB milling. When milling silicon, the LaserFIB reaches
milling rates over 5000 times faster than a Ga FIB and over 800 times faster than
a plasma FIB [3]. For APT specimens, the laser is used to mill a crater in less than
a minute, leaving a pillar of material in the center. The femtosecond laser and
optimized laser parameters (e.g. power, frequency, traverse speed, line spacing)
are key to minimizing the heat affected zone to avoid altering the sample
microstructure [3]. This workflow is shown in Figure 4.
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Fig 6. Various samples and specimen layouts were
investigated, including a) unpolished sample with central
crater, b) “shelf” design, c) polished sample with central
crater, d) “Individual shelf.”

Fig 1. Lift-out method involves a) protective capping layer, b) trench cuts, c) GIS to attach to manipulator, d) transfer wedge to carrier substrate, e) cut mount free and
propagate to remaining substrates, f) mounted specimen, g) coarse annular milling, h) specimen ready for APT. Scale bars for a-f are 5 µm, scale bars for g-h are 500 nm.
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Fig 3. ZEISS LaserFIB has laser ablation and FIB-SEM [4].
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Successful data acquisition was completed in
both voltage and laser mode in a LEAP 5000XR.
Data was of similar quality to that expected from
a specimen prepared via the lift-out method.
Figure 7 shows data acquired in laser mode from
a duplex stainless-steel specimen.
Fig 7. Data from duplex stainless steel specimen, prepared via laser
ablation. Reconstructed data displayed with a) all major atoms, b)
precipitates displayed as Ni 20% iso-surface. c) Mass spectrum
with major elements.
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RESULTS AND CONCLUSIONS
Laser ablation can be used to create specimens that yield high quality atom probe data.
Certain specimen layouts were easier to align in the LEAP® 5000 analysis chamber. An unpolished sample may
have surface features of similar height to the specimen, making it difficult to navigate to correct alignment. With
polished samples and isolated specimens, it was easier for the user to align in the top and bottom camera views.
Fig 4. a) Laser ablation prepares a specimen within the bulk material rather than lifting a sample out. A laser can be used to quickly carve out a crater in the bulk,
preserving a central pillar. b) FIB “polishing” in preparation for EBSD. c) EBSD for grain targeting, ROI circled in green, blue is body centered cubic and red is face centered
cubic. d) Standard Ga+ FIB for the annular milling step. Then, the specimen is ready to run in the atom probe.

Various specimen layouts with respect to the bulk sample were attempted, as shown in Figure 5. None of the layouts were
time consuming or difficult to mill, so the main goal of the variation was to evaluate ease of alignment in LEAP® 5000XR
camera views. Each layout had advantages and disadvantages, as shown in Figure 6.
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FUTURE OUTLOOK
APT specimen preparation using a Cryo-FIB is challenging due to limitations in stage rotation and uncontrolled gas
precursor condensation. In the future, laser ablation could potentially provide an alternative method.
Since craters can be ablated very quickly, specimens can be quickly prepared from areas millimeters apart on the
sample, in contrast to the lift-out method which prepares specimens from the same ~10-20 µm long wedge. This
is helpful in large area sampling for quality control and process monitoring.
Laser ablation can remove large amounts of material, so buried regions of interest can be accessed easily.
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