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Introduction

Material fabrication processes can create gradual
changes in the material's final properties; therefore, to
verify the final quality of the material and understand
any inconsistencies, scientists must have a statistically
relevant sample count collected to acquire enough

analytical data. To accurately assess total material quality
may require numerous samples from different areas of
the material being analyzed. The total volume needed for
thorough characterization will depend on the size of the
features that need to be studied. Often, these feature sizes

A Figure 1: STEM Angular Dark Field images of titanium TEM samples prepared automatically with TESCAN AutoSlicer™

software to the average thickness of 65 nm.
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are nanometer scale, so changes in chemical and phase
composition, or changes in the morphology of the material
need to be studied with high resolution instrumentation.
Development of novel materials development adds new
sample characterization challenges. Materials with grain
sizes in the tens of nanometers require an ultra high-
resolution technique for their study.

Electron microscopy is usually the first choice when
nanometer scale resolution is necessary to capture the
fine details that are vital for understanding a material’s
properties. Transmission electron microscopy (TEM)
provides the ultimate resolution and is rapidly becoming
the method of choice for highly detailed materials
characterization. TEM characterization requires that the
sample be transparent to incident electrons. Achieving
the correct sample thickness uniformity with minimal
amorphous damage is critical to achieving the best
possible analytical results.

Using FIB-SEM to prepare samples means precise
navigation to areas of interest. As a site-specific technique,
FIB-SEM will not damage areas outside of the targeted
areas. This means that multiple TEM samples can be
prepared from adjacent locations on the sample. Using
this approach, we can assess the mechanical or physical
properties of materials more accurately because we have
obtained enough samples.

TEM sample preparation by FIB-SEM may be difficult
for inexperienced users, and it is possible that TEM
sample quality may be called into question. To avoid
these problems, we use an automated process for TEM
sample preparation. This automation will not only ensure
reproducible TEM sample quality but also can save
operator time and allow users without extensive FIB-SEM
experience to prepare high quality TEM samples.

Materials and methods

In this study, titanium material with a very fine grain
structure was used for analysis. We prepared several
titanium samples for TEM characterization. Our titanium
sample has a very fine grain structure so TEM analysis
would likely reveal more details about the sample
surface by comparison to the typically employed EBSD
characterization.

In total, four TEM lamellae were prepared from different
areas on the titanium sample using automated processes
specified in a single job template. TEM samples were
prepared by two FIB-SEM users using the Ga-ion TESCAN
AMBER FIB-SEM with integrated TESCAN AutoSlicer™
software for TEM sample preparation. TESCAN's
AutoSlicer™ automates in-trench preparation and final
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polishing to ensure that samples are prepared with
consistent quality. TEM sample lift-out and attachment
to the TEM grid are executed using a guided, step-by-
step workflow within the software to maintain a reliable
process and limit the potential for operator error. TESCAN
TENSOR STEM was used for TEM characterization and to
determine the average grain size of analyzed materials
to create statistical information about the material’s
grain size. Information about the average grain size
is important for modeling the materials’ properties at
different conditions such as mechanical load or chemical
and mechanical changes at specific temperatures. The
other important parameter that might be evaluated is
maximum grain size which may significantly change
materials’ properties locally when varies significantly from
the average grain size.

The 4D-STEM technique enables the study of materials’
crystallography at the nanoscale. The fully integrated 4D
detector reveals grain orientation, phase, and size. This
method was used for the crystallographic study of the
titanium samples.

Results and Discussion

All four TEM samples were thinned to transparency
using TESCAN AutoSlicer™. TEM samples were prepared
automatically in-trench, including the automated undercut
and the initial polishing step. Following the undercut, the
step-by-step workflow is used to guide the operator through
the lift-out and attachment to the TEM grid, minimizing
the risk of losing the prepared TEM sample. Following the
attachment of the sample to the grid, the final polishing
steps are initiated. TEM samples are typically polished
at high keV to reduce TEM sample thickness, followed by
low keV polishing to reduce amorphization. To prepare the
titanium samples in our experiment, automated high keV
polishing was followed by automated low keV cleaning.
No additional polishing step was needed to improve
TEM sample quality. The steps and conditions used are
selected by the operator and can be modified as needed
for the material to be studied. Reproducible final quality
for all four samples was proven by measuring cross
section thickness in the FIB-SEM, and TEM analyses.
The average thickness of these TEM samples prepared
using the automated procedure and guided lift-out was
65 nm 9 nm.

The overview images of all four samples originating from
the same material are shown in Figure 1. The images show
the homogeneity in the polished area on all samples.

Subsequent TEM analyses proved the quality to be

sufficient for observation in TEM. Figure 2 shows detailed
TEM images of all four prepared samples, revealing the
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A Figure 2: STEM Bright Field detail images showing the very fine grain structure of the titanium material.

very fine grain structure. The images were used not only
for sample quality verification, but also for generating
the diffraction pattern that was used to determine grain
size and orientation (Figure 3). The grain sizes of the
titanium sample vary from hundreds of nanometers
down to tens of nanometers. The maximum identified
grain size in samples 1 and 2 was 117 nm and 101 nm
respectively. The maximum identified grain size in sample
3 was 132 nm, and in the case of sample 4, 78 nm. The
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average grain size measurement for samples 1 and 2
was 12 nm and 6.1 nm. Sample 4 shows a slightly lower
average grain size of 5.5 nm. Sample 3, which had the
largest grain identified among the four samples, showed
the lowest value of average grain size: 5.3 nm. Data
from the statistical sample grain structure evaluation are
summarized in Table 1.
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A Figure 3: Corresponding grain orientation maps from the detail images shown in Figure 2.
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Lamella #1 Lamella #2 Lamella #3 Lamella #4 Total average
Maximum grain size 117 nm 101 nm 132 nm 107 nm
Average grain size 12 nm 6.1 nm 5.3 nm 7.2 nm

A Table 1: Summarized statistical data about the grain structure of titanium material, as measured on TEM samples
prepared automatically in FIB-SEM with a guided lift-out step. Data show both maximum grain size and average grain

size detected from measured areas.

Conclusions and outlook

Final quality of prepared samples is the primary concern for
any sample that will be analyzed using TEM. Automating
the sample preparation process ensures reproducible
sample quality and significantly increases throughput
when many samples must be prepared. Processing
with automation also reduces the potential for errors
during sample preparation that might influence incorrect
assumptions about material properties. The automation
also allows users with limited FIB-SEM experience to
prepare samples with confidence. TESCAN AutoSlicer™
was designed to facilitate easy customization of recipes
and sharing of presets and complete workflows with other
users.
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