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For atomic-resolution aberration-corrected (Cs-corrected) scanning transmission electron microscopy (STEM)
the quality of prepared TEM specimens is of crucial importance. High-energy focused gallium ion beam milling
(FIB) is widely used for the production of TEM lamella. However, the specimens after conventional FIB prepara-
tion are often still too thick. In addition, damage and amorphization of the TEM specimen surface during the
milling process occur. In order to overcome these disadvantages, low-energy Ar ion milling of FIB lamellae can
be applied. In this work, we focus on TEM specimen preparation of different thin films (GaN, Ge2Sb2Te5, TiO2)
and interface structures (GaN/6H-SiC, SrTiO3/TiO2, Ge2Sb2Te5/Si) using a combination of FIB with a focused
low-energy Ar ion polishing. The results show that this combination enables the routine preparation of high
quality TEM lamellae with a smooth surface and uniform thickness, even at the interface region between two
different materials and over a lateral range of several micrometres. The prepared lamellae exhibit less surface
damage and are well suited for atomic-resolution Cs-corrected STEM/TEM imaging at medium and low
accelerating voltages. These results are in a good agreement with Monte Carlo simulations performed by the
Stopping and Range of Ions in Matter (SRIM) software.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

For high-resolution aberration-corrected (Cs-corrected) scanning
transmission electron microscopy (STEM) the quality of prepared TEM
specimens is crucial, since the image resolution and the quality of TEM
data depend essentially on the thickness and surface quality of the
TEM lamella. Depending on the accelerating voltages used for TEM
work, TEM specimens should be as thin as 10 nm or less for low voltage
TEM work (80 kV and lower) and they have to be as thin as 30 nm or
less formedium voltage TEMwork (e.g., 300 kV). Nowadays, the widely
used focused Ga ion beam (FIB) preparation technique with standard
FIB configuration cannot be employed in the fabrication of high-
quality TEM specimens with uniform thicknesses of less than 30 nm
over several micrometres width. The specimens after FIB preparation
are often too thick (N50 nm even after the 5 keV low voltage thinning
step) for TEM studies and are produced with strong ion implantation
damage near the free surfaces. In particular, FIB preparation of cross-
sections from interfaces for atomic resolution Cs-corrected TEM and
energy-loss electron spectroscopy (EELS) studies is often a difficult
task. Noticeable, thin TEM samples with thicknesses between 10 and
20 nm for such TEM investigations can be prepared by using a modified
FIB technique [1,2]. However, it requires either a special rotation-tilt
holder or a well aligned FIB system at low Ga ion energies (1 and
2 keV) [2]. In addition, damage and amorphization of the specimen
surface induced by ion irradiation during the milling process occur.
yk).
This damaged layer is a disorder of the original structure of the sample
surface. The damaged or amorphized volume can be removed by
chemical wet polishing after FIB milling [3,4]. However, chemical wet
polishing methods are material dependent and are difficult or even
impossible to use for complex multi-phase or multilayered TEM spe-
cimens. To overcome these disadvantages of the FIB preparation, a
low-energy Ar ion milling post FIB lamella treatment can be used [4–6].

In the present work, we focus on FIB lamella preparation of different
thin films (GaN, Ge2Sb2Te5, TiO2) and interface structures (GaN/6H-SiC,
SrTiO3/TiO2, Ge2Sb2Te5/Si) using a combination of FIB with a focused
low-energy Ar ion polishing. The results show that this combination
enables the routine preparation of high quality TEM specimens with
parallel surfaces and thicknesses of less than 20 nm over a range of
several micrometres. The prepared specimens exhibit less surface dam-
age and are well suited for atomic resolution Cs-corrected S/TEM work
at 300 kV and 80 kV accelerating voltages. These results are in good
agreement with simulations performed using the Stopping and Range
of Ions in Matter (SRIM) software.

2. Experimental

For FIB lamella preparation the standard FIB cross-section lift-out
method in a Zeiss Auriga Dual Beam system was used. The FIB lamellae
were cut out using a Ga ion beam with a beam energy of 30 keV and a
beam current of 4 nA. A nanocrystalline Pt layer was deposited by FIB
from an organic precursor in order to protect the surface of the lamella
from ion damage and implantation induced by high-energy ion irradia-
tion. Subsequently, the lamellaewere processed to electron transparency
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with a 5 keV Ga ion beam at a beam current of 50 pA and a milling time
of 3 min per side. The angle between the specimen surface and the ion
beam during the FIB milling was ~1° for 30 keV and 3° for 5 keV. After
the FIB preparation, the TEM lamellae were further treated by focused
low-energy Ar ion milling with ion energies of less than 2 keV at a
beam currents of either 45 pA or 110 pA in a NanoMill (Fischione) sys-
tem. The FIB lamellae were milled from the top and bottom sides by
adjusting a milling angle of +10° and −10°, respectively, at a static
beam orientation scanned over a 10 × 20 μm window. The typical
spot size of the ion beam in the NanoMill system given by the manu-
facture varies between 1 and 4 μm, depending on the ion energy.
Fig. 1(a) shows a SEM image of a FIB lamella mounted on a FIB grid.
The indication of the incidence direction for Ar ion beam is presented
in Fig. 1(b) and is named front-side polishing (from the Pt side). The
ion milling from the side marked as “thick area” in Fig. 1(b) is called a
back-side ion beam polishing.

In the final last step, the TEM lamellae were treated for 10 min in a
Solarus plasma cleaner using a gas mixture of H2/O2 in order to remove
organic contaminations from the specimen surface.

The thicknesses of the TEM specimens were measured using energy
filtered TEM (EFTEM) by acquiring thickness maps from different spec-
imen areas. Themean free path of electrons in the studiedmaterials was
calculated by using the plug-in “mean free path calculator” implement-
ed into the Gatan digital micrograph software. Surface topography of
TEM specimens was studied by atomic force microscopy (AFM) in
non-contact mode using a Si cantilever with a nominal tip radius of
7 nm. The simulations on interaction of ions with matter were per-
formed by using the SRIM software [7]. In all calculations, 105 incident
ions were taken into account with full damage cascades.

The investigated TEM specimens were prepared from epitaxial GaN
thin films grown on a 6H-SiC (0001) by ion-beam assisted MBE [8–10]
and from Ge2Sb2Te5 thin films produced on Si substrates by pulsed
laser deposition [11,12] as well as from TiO2 thin films deposited by
electron beam evaporation on SrTiO3 (001) substrates [13]. The focused
Fig. 1. (a) SEM image of a FIB lamella fixed onto a FIB grid. The lamella is mounted on a
post A. (b) SEM micrograph of a FIB prepared specimen with the indication for the
incidence direction of Ar beam, Pt layer, thin and thicker areas. Inset in (a) shows a
magnified image of the lamella with FIB post.
low-energy argon ionmilling of the Ge2Sb2Te5materialwas done under
liquid N2 cooling.

S/TEM observations were performed with a probe Cs-corrected
Titan3 G2 60–300 microscope equipped with high-angle annular dark-
field (HAADF-), bright-field (BF-), ADF, annular BF-STEM and Super-X
EDXdetectors aswell aswith aGatan imagingpost-column energyfilter
(GIF Quantum). The TEM was operated at 300 kV accelerating voltage.

3. Results and discussion

3.1. SRIM simulations

The formation of a damaged (amorphous) layer during the ion mill-
ing process is related to the generation of surface defects, e.g., point de-
fects, produced due to the interaction of ions with a specimen surface.
This process can be understood by Monte-Carlo simulations imple-
mented into SRIM package. Themilling processes in FIB and the focused
low-energy ion milling in the NanoMill were simulated using the pa-
rameters mentioned in the experimental section. It should be noted
that the SRIM simulations do not take into consideration temperature
or channelling effects. SRIM simulations for GaN and TiO2 materials re-
garding the distribution of vacancies generated per impinging ion and
nanometre are shown in Fig. 2(a) and (b), respectively. It can be seen
that low-energy Ar ions produce much less implantation and point de-
fects than the high-energy Ga ions. The generated defects by the low-
energy Ar milling are located close to the specimen surface forming a
thin damaged (amorphous) surface layer. In contrast, high-energy Ga
ions produce more defects and thus, a thicker damaged (amorphous)
surface layer can be formed after the high-energy Ga ion milling. It
should be noted that qualitatively similar results regarding the distribu-
tion of vacancies generated per impinging ion and nanometre were ob-
tained for other material systems studied in this work.

The amorphous layer is supposed to be of the same composition as
the target material since the ion–matter interaction destroys the crys-
talline structure of the material forming a disordered surface layer of
the same material. This process is a well documented process [14–16].
The implantation of the ion into the disordered amorphous layer is
also expected. However, the amorphization depends on the nature of
the materials [15–17]. Therefore, the ion beam induced amorphous
layer is not formed on the surface of the metallic compounds since the
metallic bonds will reform in the lattice.

3.2. Estimation of amorphous surface layer and HRTEM imaging

The formation of a thin damaged surface layer after focused low-
energy Ar ion milling is in agreement with experimental results.
Fig. 3(a) and (b) shows high-resolution TEM images (HRTEM) of a
GaN thin film prepared by low-energy Ar ionmillingwith an ion energy
of 1.6 keV. The damaged/amorphization sidewall layer on Pt and GaN is
uniform and was measured to be 3 nm. It should be noted that the real
thickness of the amorphous layer has to be calculated from thewidth of
themeasured amorphous edge if the shape of the edge is known [18]. In
order to re-calculate the real thickness of the amorphous layer covering
the sample faces, the measured amorphous edge width should be mul-
tipliedwith the sine of the half-opening angle of the sample edge. Since,
the thickness of TEM specimens measured by EFTEM thickness maps
along x- and y-directions did not change dramatically at the regions of
interests (see results below), it can be assumed that the TEM specimens
are produced with nearly parallel surfaces. Thus, the thickness of the
amorphous layer covering the crystalline part of the specimen can be
approximated to ~2.2 nmwhich is in a good agreement with SRIM sim-
ulationswhereas thepenetrationdepthof Ar ions intoGaNwas estimat-
ed to be ~3 nm. Notably, this amorphous layer is also present on the
specimen top and bottom surfaces. Moreover, the amorphous layer in-
duces an inhomogeneous image contrast and influences the resolution
of the atomic columns of the GaN lattice.
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Fig. 2. Total number of generated defects per impinging ion as a function of (a) GaN and (b) TiO2material depths. The angles between the specimen surface and the ion beam used for the
simulations are ~1° for 30 keV Ga, 3° for 5 keV Ga and 10° for 0.2–2 keV Ar.
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The thickness of the surface amorphous layer can be even reduced to
a value of less than 1 nm by using Ar ion beam with lower energies.
Fig. 4(a) shows HRTEM micrograph of GaN thin film prepared by fo-
cused low-energy Ar ion milling with an ion energy of 200 eV. The Pt
protective layer is intact in Fig. 3(b). The damaged (amorphization)
sidewall layer on the Pt layer is uniform and was measured to be less
than 0.5 nm (see Fig. 4(b)) whereas the penetration depth of Ar ions
into the GaN material was estimated to be approximately 1 nm from
the SRIM simulations. Due to the small thickness of the surface amor-
phous layer, the HRTEM image contrast in Fig. 4(a) and (c) is improved
compared to the HRTEM image contrast of Fig. 3(b). In addition, the
TEM image contrast is also uniform over the whole image. All atomic
columns in GaN and 6H-SiC materials are well resolved. Moreover, the
contrast at the GaN/SiC interface is also homogenous. The latter is a
preferable image condition for structural solution from e.g., quantitative
electron exit wave analysis and for quantitative comparison of experi-
mental and simulated HRTEM images.

It is worth to note that the formation of natural oxide and carbona-
ceous contaminations in air as well as during plasma cleaning on
many surfaces is also possible. The thickness of this “amorphous” layer
is a kinetic limiting process and material dependent. In the presented
experiments, the formation of such (thick) amorphous layer was not
Fig. 3.HRTEM images of FIB prepared specimen after low-energy Ar ionmilling with an ion bea
the specimen thickness of SiC is approximately 51 nm.
observed. Consequently, the observed amorphous layer in this work is
mainly due to ion beam damages.

Redeposition of material from a TEM specimen support during a
broad ion milling (beam size of several hundreds of micrometres) is a
well-known problem. Due to the broad beam size, the ion beam can
hit a TEM support and the re-sputtered material from the support can
be found on the surface of a TEM specimen during TEM work. Thus,
the redeposited layer can hinder image and chemical analysis. On the
other hand, redeposition during a focused low-energy Ar ion milling is
minimized by careful orientation of the TEM lamella with respect to
the FIB support grid. Because the lamella and ion beam diameter are
of the same relative size, there are no Ar ions hitting the TEM support.
In the present work, no redeposition on the TEM specimen surfaces
was observed in the studied specimens.

The redeposition from the surface of the lamellae itself is usually re-
duced by using grazing incidence angle [15,19]. This also has an advan-
tage in improving the surface topography (see also AFM results below).
Thus, the surface has less “hills”where the local redepositionmay occur.
Moreover, the redepositionmay also appear at the thicker rims/edges of
the FIB lamellae (see Fig. 1(b)) or during back-side ion beam polishing.
In this work, no such redeposited layers were observed during TEM
measurements due possibly to its small thickness.
menergy of 1.6 keV. The TEM specimen thickness of GaN is approximately 40 nmwhereas
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Fig. 4.HRTEM images of FIB prepared specimen after focused low-energyAr ionmilling at a beam energyof 200 eV. The image contrast is uniform in (a), (b) and (c). The atomic columns at
the GaN/SiC interface and planar defects in GaN are distinctly resolved in (c). The TEM specimen thickness is 10 nm for the GaN material and is 15 nm for the 6H-SiC material.
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3.3. Thickness measurements and curtaining effect

Post-treatment of FIB lamellae, as described above, resulted always
in an improved quality of the TEM specimen surfaces with uniform
thickness over large specimen areas as well as at the film/substrate in-
terface. However, several treatment steps at different ion energies
were necessary to prepare TEM lamella with a desired final specimen
thickness. It should be noted that the accuracy of the thickness mea-
surements by EELS is 20% since the values of the inelastic mean free
paths (mfp) are not well known for many compounds. The mfp should
therefore be identified experimentally since the error in the thickness
measurements based on the parameterised approach of Malis et al.
[20] can exceed 20% [21].

Fig. 5(a) and (b) shows EFTEM thickness maps of GaN/6H-SiC spec-
imen acquired after the focused low-energy Ar ionmilling at a beam en-
ergy of 1600 eV and 900 eV, respectively. After the treatment at an ion
beam energy of 900 eV, the mean thickness of the TEM specimen was
reduced from 40 nm to 20 nm (see Fig. 5(d) and (e)). In addition, a
slight variation in the thickness of the TEM specimen due to different
sputtering yields of the GaN and 6H-SiC materials can be determined
at the interface region (see Fig. 5(c) and (f)).
Fig. 5. GaN thin film on 6H-SiC prepared by FIB with post processing by focused low-energy A
energy ion milling with ion energies of 1600 eV and 900 eV, respectively. The thickness pro
taken along the line marked in (a). The thickness profiles in (e) and (f) were taken along the
interface. The mean free path (mfp) of electrons in GaN and SiC materials at an acceleration vo
Due to uncertainties in the measurements of mfp, the roughness of
the TEM lamellae and the height of the step at the GaN–SiC interface
were additionally studied by AFM. Fig. 6 shows an AFM image of the
TEMspecimen after the focused low-energy Ar ionmilling at a beamen-
ergy of 200 eV. Themeasured rootmean square roughness (RMS) along
the GaN and SiC materials is less than 0.5 nm while the RMS along the
GaN–SiC interface is less than 0.2 nm in Fig. 6. This highlights the uni-
form thickness of the TEM specimen, especially at the GaN–SiC inter-
face. Consequently, the projection artefacts or blurring at the interface
during TEM/STEM investigation are reduced. Notably, the difference in
the step height at the interface is much smaller than measured by
EELS. Thus, iterative focused low-energy ion milling in combination
with thickness measurements by EFTEM thickness maps always result-
ed in a high-quality, thin and very smoth TEM specimen.However, care-
ful adjustment of the ion milling parameters such as milling time, ion
energy and ion beam current is necessary for reliably reproducible
TEM specimen preparation.

The thickness measurements after focused low-energy Ar ion mill-
ing allow the determination of milling rate for different materials. The
milling rates are dependent on the ion beam current, ion beam energy,
specimen temperature and the specific incidence angle. The sputtering
r ion milling. (a) and (b) EFTEM thickness maps of TEM specimens prepared by the low-
file in (c) was taken along the line marked by 2 in (b). The thickness profile in (d) was
lines marked by 1 and 3 in (b), respectively. The arrows in (c) and (f) mark the GaN/SiC
ltage of 300 kV is 94 nm and 115 nm, respectively.
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Fig. 6. (a) AFM topography image of a FIB lamella after focused low energy ion polishing.
(b) Line profile taken along the dashed line in (a). This TEM specimen was prepared by
low-energy back-side ion beam polishing.

Fig. 7. EFTEM thickness map of GaN thin film grown on SiC substrate. The insert shows a
thickness line profile taken along the dashed line.

Fig. 8.Atomic-resolutionHAADF-STEM images of the TiO2 (anatase)/SrTiO3 interface. TEM
specimen thickness is 60 nm in (a) and is 20 nm in (b).
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rate for GaN material at a beam current of 110 pA and an ion beam
energy of 900 eV at room temperature was determined to be ~0.85
nm/min, whereas this rate is and 0.15 nm/min for an ion beam energy
of 500 eV.On the other hand, the sputtering rates for Ge2Sb2Te5material
at an ion beam current of 110 pA processed under liquid N2 cooling
were estimated to be ~0.8 nm/min for an ion energy of 900 eV and
~0.2 nm/min for an ion energy of 500 eV. The etching rates for
Ge2Sb2Te5 at a beam current of 45 pA under liquid N2 cooling were
found to be ~0.6 nm/min for an ion energy of 900 eV and ~0.05
nm/min for an ion energy of 500 eV. It should be noted that the ion
beam current was determined with an accuracy of ±10%. Although
the sputtering rate for different materials should be determined
experimentally in further detail, the above presented data could be
a good starting point for every focused low-energy milling of a FIB
lamella. In addition, the estimated above sputtering rates at a beam
current of 110 pA are in a good agreement with the reported
sputtering rate of 0.7 nm/min at a beam current of 120 pA for oxide
materials (γ-Ga2O3 thin film, MgO substrate) and semiconductors
((Zn, Cr)Te thin film, GaAs substrate) [22]. It is worth to mention
that the sputtering rate also critically depends on the actual inci-
dence angle of the ion beam with respect to the specimen surface.
Variations in the mounting of a FIB grid into the NanoMill sample
holder may lead to different measured sputtering rates.

A high surface roughness in multiphase systems and layers of differ-
ent sputtering yields can result in preferential milling and can lead to
preparation artefacts like curtain effects. Since, the FIB lamella is not ro-
tated or tilted during the focused low-energy Ar ion milling, curtaining
is an issue during themilling process. The problem becomes increasing-
ly troublesome for thin TEM specimens. Fig. 7 shows a thickness map of
a GaN/SiC specimen where vertical stripes are seen as light and dark
contrasts in the image. However, this preparation artefact can be re-
duced by choosing an appropriate polishing geometry in NanoMill,
e.g., using back-side ion polishing [23] as shown in Figs. 5 and 6. Another
approach for minimization of the curtaining effects is to spread the ion
beam, thus increasing the overlap between scanning raster spots.
3.4. Atomic-resolution STEM results

The reduction of TEM specimen thickness and surface damaged
(amorphous) layer thickness resulted always in a significant improve-
ment of signal to noise (S/N) ratio upon STEM image acquisition. Fig. 8
shows atomic-resolution HAADF-STEM images of a typical interface be-
tween a TiO2 (anatase) thin film and a SrTiO3 substrate. Due to the spec-
imen thickness of 60 nm and a thick damaged layer the atomic columns
at the TiO2/SrTiO3 interface appear blurred in Fig. 8(a). After a focused
low-energy ion milling step the specimen thickness was reduced to
20 nm and the specimen quality was improved significantly. As a result,
the atomic columns at the TiO2/SrTiO3 interface can be distinctly re-
solved in Fig. 8(b) and thus, the interface structure can be solved. The in-
terface between the TiO2 thin film and the SrTiO3 substrate is rough.
However, there is no interfacial or amorphous layer at the TiO2/SrTiO3

interface. It should be noted that the image presented in Fig. 8(b) is a
raw Cs-corrected HAADF-STEM image without the application of any
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Fig. 9. (a) Atomic-resolution HAADF-STEM image of (a) the TiO2/SrTiO3 interface and
(b) the interface region between two TiO2 grains decorated by Sr atoms. The grain bound-
ary (GB) is decorated by Sr atoms.
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imaging filters. In addition, both images in Fig. 8(a) and (b) were ac-
quired with the same dwell time per pixel and with the same image
size as well as identical detector settings in order to eliminate the influ-
ence of the acquisition time on S/N ratio in the STEM images.

A uniform TEM specimen thickness over awide area allows studying
different areas in the FIB lamella. Due to uniform specimen thickness,
projection artefacts are minimized and the real structure of grain
boundaries and interfaces can be studied. Fig. 9 shows an atomic-
resolution HAADF-STEM image of the TiO2/SrTiO3 interface and the
grain boundary between two TiO2 grains. It should be noted that the
qualitative interpretation of HAADF-STEM micrographs is quite
straightforward, since the image intensities are proportional to the
atomic number according to I ~Z1.8 and the atomic columnswith higher
average Z number therefore appear brighter than the columns with
lower average Z number in the HAADF images. The Z number of Sr is
38 whereas the Z number of Ti is 22 and of oxygen is 6. Thus, the bright
dots in Figs. 8 and 9 are Sr atomic columnswhereas the darker spots are
Ti/O atomic columns. In Fig. 9, the out-diffusion of Sr atoms from the
SrTiO3 substrate was found. The Sr atoms are in-diffused into the grain
boundary between two TiO2 grains. Interestingly, no in-diffusion of Sr
into the TiO2 lattice was observed (see also Fig. 8), even though the
Fig. 10. High-resolution HAADF-STEM image of the Ge2Sb2Te5/Si interface. The dashed
lines mark the interface. The positions of vacancy layers are marked by “VL”.
TiO2 (anatase) thin film was grown by e-beam evaporation of TiO2 at
a substrate temperature of 900 °C.

Another example of a successfully post-treated FIB lamella with fo-
cused low-energy Ar ions is given in Fig. 10. The figure shows a raw
atomic-resolution HAADF-STEM image of the interface between
Ge2Sb2Te5 thin film with hexagonal structure and the Si substrate. The
Ge2Sb2Te5 thin film was produced by pulsed laser deposition of a
Ge2Sb2Te5 target on Si (111) without native oxide at a substrate tem-
perature of 185 °C. The initial thickness of the TEM specimen after the
FIB preparationwasmore than 100 nm. The thickness of the TEM lamel-
la was reduced to 30 nmover a wide area after polishingwith a focused
low-energy Ar ion beam. Remarkably, due to the improvement of the S/
N ratio through the reduction of damaged (amorphous) layer thickness,
the atomic columns of different elements in different materials as well
as intrinsic vacancy layers are distinctly resolved in the atomic-
resolution HAADF-STEM image in Fig. 10. The bright dots in the
Ge2Sb2Te5 thin film in Fig. 10 represent Te atomic columns while the
darker spots showmixed Ge/Sb atomic columns. Thus, the atomic struc-
ture of the Ge2Sb2Te5/Si interface can be directly evaluated from the
HAADF-STEM image. The Ge2Sb2Te5/Si interface is sharp without the
formation of any interfacial layers between the Si substrate and the
first Te atomic layer.

The results on atomic-resolution imaging of GaN thin films and the
GaN/SiC interface can be found in Refs. [8–10].

4. Conclusions

The combination of focused high-energy ion milling with focused
low-energy Ar ion milling enables the routine preparation of high qual-
ity TEM lamellae from different materials and interfaces with smooth
surface and uniform thickness of TEM specimens even at the interface
regions. The TEM specimens prepared by this approach are well suited
for atomic-resolution Cs-corrected S/TEM imaging and atomic EDX
and EELS analysis at medium and low accelerating voltages. The thick-
ness of the amorphous/damaged surface layer can be reduced below
1 nm by low energy ionmilling resulting in a homogeneous image con-
trast in TEM and STEM images which is a prerequisite condition for
quantitative image analysis. However, a certain amount of surface
damage cannot be avoided even by using low-energy Ar ion milling as
the last preparation step. The preparation artefacts such as curtaining
effects caused by the low-energy focused ion beam can be successfully
reduced by using back-side ion polishing.

Although careful adjustment of themilling parameters is still neces-
sary for successful TEM specimen preparation, the presented combina-
tion of the focused high-energy Ga and low-energy Ar ion milling
technique can be generally applicable for variousmaterialswith fully re-
producible results. Since the combination of site-specific FIB specimen
preparation and failure analysis methods, e.g., electron beam induced
current (EBIC), is nowadays possible within the same instrument, the
post FIB focused low-energy Ar ion milling opens up the possibility to
re-polish the lamella without losing the faulty region and damaging of
the lamella surface by the high-energy ion beam. This will enable better
S/TEM imaging and chemical analysis of failed devices.
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