
Ultramicroscopy 246 (2023) 113673

Available online 27 December 2022
0304-3991/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Decomposition of CrN induced by laser-assisted atom probe tomography 

Helene Waldl a,*, Marcus Hans b, Maximilian Schiester c, Daniel Primetzhofer d, 
Michael Burtscher e, Nina Schalk a, Michael Tkadletz c 

a Christian Doppler Laboratory for Advanced Coated Cutting Tools, Montanuniversität Leoben, Franz Josef-Straße 18, 8700 Leoben, Austria 
b Materials Chemistry, RWTH Aachen University, Kopernikusstraße 10, 52074 Aachen, Germany 
c Department of Materials Science, Montanuniversität Leoben, Franz Josef-Straße 18, 8700 Leoben, Austria 
d Department of Physics and Astronomy, Uppsala University, Box 516, 75120 Uppsala, Sweden 
e Department of Materials Science, Chair of Materials Physics, Montanuniversität Leoben, 8700 Leoben, Austria   

A R T I C L E  I N F O   

Keywords: 
Atom probe tomography 
Laser pulse energy 
CrN 
CrAlN 
Elemental composition 

A B S T R A C T   

It is known that measurement parameters can significantly influence the elemental composition determined by 
atom probe tomography (APT). Especially results obtained by laser-assisted APT show a strong effect of the laser 
pulse energy on the apparent elemental composition. Within this study laser-assisted APT experiments were 
performed on Cr0.51N0.49 and thermally more stable (Cr0.47Al0.53)0.49N0.51, comparing two different base tem-
peratures (i.e. 15 and 60 K), laser wavelengths (i.e. 532 and 355 nm) and systematically modified laser pulse 
energies. Absolute chemical compositions from laser-assisted APT were compared to data obtained from ion 
beam analysis. The deduced elemental composition of CrN exhibited a strong increase of the Cr content when the 
laser pulse energy was increased for both laser wavelengths. For low laser pulse energies Cr, CrN, N and N2 ions 
were identified, while the amount of detected Cr ions increased and the amount of N ions strongly decreased at 
higher laser pulse energies. Further, increased detection of more complex Cr-containing ions such as Cr2N at the 
expense of CrN was observed at higher pulse energies. At the highest pulse energy levels used within this work, 
the resulting Cr content was > 80 at%, dominated by the amount of detected elemental Cr ions. The change of the 
mass spectrum of the detected ions with increasing laser pulse energy provides evidence that high laser pulse 
energies initiate the decomposition of CrN during the APT measurement, consistent with the known thermal 
decomposition path into Cr2N and subsequently into Cr and gaseous N. In contrast, variation of the laser pulse 
energy for the thermally more stable CrAlN resulted only in a slight increase of Cr and a decrease of the resulting 
concentrations of Al and N with increasing laser pulse energy and no change in the type of detected ions. In 
conclusion, within the present study, the decomposition of a coating material with low thermal stability induced 
by laser-assisted APT was reported for the first time, emphasizing the importance of the selection of suitable 
measurement parameters for metastable materials, which are prone to thermal decomposition.   

1. Introduction 

Nowadays high-performance materials are indispensable for our 
daily life. Since these materials are often nano-structured, the applica-
tion of high-resolution methods is essential to gain detailed knowledge 
about their microstructure and properties, facilitating the development 
of new or the further development of already established materials 
systems. In order to tailor the properties, information of the exact 
elemental composition, not only on a global scale but also locally, is of 
major importance. However, commonly used methods suffer from 
limited lateral and depth resolution [1,2]. These limitations can be 

overcome by atom probe tomography (APT), which allows the deter-
mination of the three-dimensional elemental composition close to the 
atomic scale [3]. The basic principle of APT measurements of conductive 
materials is the evaporation and ionization of single atoms from a 
needle-like specimen by applying high voltage pulses [3,4]. The ions are 
accelerated towards a position-sensitive detector with integrated 
time-of-flight mass spectrometry to determine the position and species 
of the evaporated atoms [4]. For less- or even non-conductive materials, 
laser pulses are applied to thermally activate the evaporation of the 
atoms [4,5]. While the development of thermally-assisted field-evapo-
ration via laser-pulsing is more recent, for many materials its influence 
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on measurement results is not completely understood [6]. Especially the 
elemental composition for nitride and oxide based materials can be 
significantly affected by the measurement parameters, in particular by 
the laser pulse energy, which has already been shown in literature [2, 
6–8]. For a close-to-stoichiometric TiAlN coating it has been demon-
strated that an increasing laser pulse energy considerably decreases the 
amount of detected N [2,9]. Thus, detailed studies of the influence of 
different process parameters on the deduced concentration maps are 
crucial before measuring new materials to evaluate the measurement 
accuracy. 

CrN is a metastable transition metal nitride, that can be synthesized 
by physical vapor deposition and is commonly applied as a coating [10]. 
At temperatures between 450 and 900◦C CrN starts to thermally 
decompose [11–13]. First, gaseous N is released and causes formation of 
Cr2N, which subsequently further decomposes into Cr and gaseous N 
[12]. With the addition of Al to CrN, a thermally more stable solid so-
lution is formed [10,14]. Upon annealing of CrAlN, first AlN precipitates 
are formed and thus the matrix gets enriched in Cr [14]. This matrix 
subsequently decomposes via Cr2N into Cr and gaseous N following the 
same decomposition route as CrN, however at much higher tempera-
tures above 1000◦C [14,15]. Although CrN and CrAlN coatings are 
frequently used materials and APT analyses on the thermal stability of 
CrN-containing multilayer coatings [16–19] and CrAlN [20] are avail-
able, the effect of measurement parameters on the accuracy of the 
composition quantification has not been investigated. Thus, within this 
study, the influence of the laser power on the measured elemental 
composition of CrN and CrAlN, two materials with different thermal 
stabilities, was investigated to determine the impact of the 
thermally-assisted field evaporation on the composition quantification. 
Therefore, the laser pulse energy was varied systematically, two 
different laser wavelengths were applied and two different base tem-
peratures were used. For the modification of each parameter, the 
elemental composition was determined and subsequently compared to 
the elemental composition obtained by Rutherford backscattering 
spectrometry (RBS) combined with elastic recoil detection analysis 
(ERDA). 

2. Experimental 

The close-to-stoichiometric CrN and CrAlN coatings investigated 
within this work were synthesized utilizing CemeCon CC800/9 deposi-
tion systems. The CrN coating was synthesized on Si (100) substrate with 
two-fold rotation, using Cr targets from Plansee Composite Materials 
GmbH at a distance of 7.6 cm between targets and substrate at a tem-
perature of 550◦C. The gas pressure was set to 0.58 Pa and a gas mixture 
of N2/(Ar+N2) with a ratio of 0.29 was applied. CrAlN was deposited 
stationary using a Cr0.4Al0.6 target from Plansee Composite Materials 

GmbH onto a sapphire (0001) substrate with a target-to-substrate dis-
tance of 4.5 cm at a temperature of 440◦C, the deposition pressure was 
0.5 Pa and the N2/(Ar+N2) ratio was 0.5. High power pulsed magnetron 
sputtering was employed using a Melec SIPP2000USB-10-500-S power 
supply with time-averaged power of 2 kW, pulse on- and off-time of 50 
and 1950 μs, respectively, resulting in a peak power density of 0.5 kW 
cm− 2. Accurate chemical compositions were obtained by a combination 
of RBS and heavy ion ERDA at the Tandem Laboratory of Uppsala 
University [21] utilizing a 5 MV Pelletron tandem accelerator. Recoils 
were obtained employing 36 MeV I8+ primary ion beam and recorded 
with a time-of-flight-energy detector telescope. Depth profiles were 
gained from time-energy coincidence spectra using CONTES [22]. Be-
sides CrN and CrAlN, a stoichiometric TiN reference, previously quan-
tified by RBS/ERDA [23], was measured. The combination of RBS and 
ERDA exhibits a total uncertainty of the measurement of ± 2.5 %, as 
recently shown for TiAlN [24]. The films exhibited homogeneous depth 
profiles and chemical compositions of Cr0.51N0.49 and 
(Cr0.47Al0.53)0.49N0.51. with oxygen impurities < 0.3 at%. 

The APT specimens were prepared using focused ion beam (FIB), via 
a lift-out process in an FEI Versa 3D and an FEI Helios Nanolab 660 dual- 
beam microscope following standard procedures for APT specimen 
preparation as found in refs. [25,26]. The APT measurements were 
performed using two different CAMECA LEAP systems of type 3000X HR 
and 4000X HR, equipped with a green (λ = 532 nm) and an ultraviolet 
(UV, λ = 355 nm) laser, respectively. Laser-assisted field evaporation 
was carried out with constant base temperature as well as pulse fre-
quency in both systems at 60 K and 250 kHz, respectively. Only for one 
measurement the temperature was decreased to 15 K. The detection rate 
was set between 5 and 10 ions per 1000 pulses of the laser. The pulse 
energy of the green laser was varied between 0.1 and 2 nJ, while the 
pulse energy of the UV laser was increased from 0.01 to 0.18 nJ. In 
addition, measurements with constant laser pulse energy were per-
formed as well. 10 × 106 ions were acquired for measurements with 
constant pulse energy, while 5 × 106 ions were collected for each energy 
segment throughout the laser pulse energy variation. 

Reconstruction of the data was done by the software packages IVAS 
3.6.14 and IVAS 3.8.0. To minimize the influence of element-dependent 
thermal tails, ranging of the mass spectra is critical. Thus, the maximum 
intensity for each peak in the mass spectrum and the onset of the peak 
from the background were identified, more details on ranging can be 
found in Ref. [2]. The difference in both mass-to-charge state ratios was 
used to define a symmetrical range for each peak. Apart from the main 
elements Cr and N for CrN and Cr, Al and N for CrAlN, also traces of Ga, 
Ar, O and C with less than 1 at% were detected. 

To determine the microstructure and the elemental composition of 
three exemplary APT specimens after the measurement a transmission 
electron microscope of type Jeol 2200 FS, equipped with an energy 

Fig. 1. Mass spectra for CrN measured with different laser pulse energies (green laser) in the range of a) 12-20 Da, b) 24-41 Da and c) 48-72 Da.  
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dispersive X-ray spectroscopy (EDS) Detector of AZtecTEM X-Max 
Sensor of Oxford Instruments was used. 

3. Results and discussion 

Fig. 1a-c show exemplarily the mass spectra for three different laser 
pulse energies (0.1 nJ, 0.5 nJ and 1.5 nJ, green laser) for different mass- 
to-charge state ratio ranges. The mass spectra are composed of elemental 
species (Cr+, Cr2+, N+) and molecular ions (N2

+, CrN+, CrN2+, Cr2N2+). 
Due to the low thermal conductivity of CrN [27,28] pronounced thermal 
tails are visible. As explained in the experimental section, emphasis was 
laid on the ranging of the mass spectra to keep the influence of these tails 
as low as possible. Fig. 1a shows that at 14 Da N+ is present for the 
measurements with 0.1 and 0.5 nJ. For the N+ peak it was recently re-
ported that also some contribution of N2

2+ could be present, which would 
increase the overall N content. The presence of N2

2+ may be identified by 
the occurrence of a characteristic peak at 14.5 Da [2,29]. However, the 
absence of this peak in Fig. 1a and the reported high electric field of 60 
V nm− 1 necessary for the double ionization of N2 [30], emphasize that 
the presence of N2

2+ is unlikely. With increasing laser pulse energy, the 
amount of single charged ions increases. It is visible in Fig. 1b that only 
very little CrN2+ is detected for 1.5 nJ compared to 0.1 and 0.5 nJ, while 
Cr+ is only present for 0.5 nJ and 1.5 nJ, as shown in Fig. 1c. This laser 
pulse energy-dependent ionization can be understood by the decreasing 
electric field strength with increasing laser pulse energy [9]. Further, the 

presence of the complex Cr2N2+ (Fig. 1c) can only be observed for the 
highest laser pulse energy. According to literature, N-carrying molecular 
ions tend to dissociate during the flight and the neutral fragments cannot 
be identified by the detector [2,30], which could lead to a falsified 
measurement of the composition. 

A laser pulse energy variation during the measurement of one CrN 
specimen with 0.1, 0.5, 1, 1.5 and 2 nJ at 60 K using the green laser is 
shown in Fig. 2a. The laser pulse energy was at first increased from 0.1 
up to 2 nJ and subsequently, in a second measurement on a different 
specimen it was decreased from 2 to 0.1 nJ. The evolution of the Cr and 
N content over the laser pulse energy is marked by blue squares and 
green rhombs, respectively. Dashed lines indicate the elemental 
composition determined by RBS/ERDA, which is close to stoichiometry. 
For 0.1 nJ the elemental composition obtained by APT is in accordance 
with RBS/ERDA. With increasing laser pulse energy, the N content 
strongly decreases to < 10 at% for the highest laser pulse energy of 2 nJ, 
while a decreasing laser pulse energy leads to the initial close-to- 
stoichiometric composition. In literature, a decrease of the N content 
to < 30 at% with increasing laser pulse energy has been observed for 
other nitrides [2,8,31]. Multiple detection events, molecular ions and 
preferential evaporation were stated to be possible effects for the N 
decrease [2,31]. In order to evaluate the evolution of the N content, the 
laser pulse energy was varied with a finer increment, while keeping all 
other parameters identical, and the results are shown in Fig. 2b. For the 
two lowest laser pulse energies (0.1 and 0.2 nJ) a composition close to 

Fig. 2. Evolution of the elemental composition over the laser pulse energy of CrN, measured with a green laser at 60 K with a) a coarse and b) a fine step size and c) 
measured with a UV laser at 60 K with a fine step size. 

Fig. 3. Evolution of the ion fraction over the laser pulse energy of CrN measured with a) the green laser and b) the UV laser and c) 3D reconstruction of the sectioned 
specimen, measured with the green laser applying five different laser pulse energies. 
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stoichiometry is obtained. At 0.3 nJ a first decrease of the N content can 
be seen, which becomes more pronounced up to ~1.0 nJ. Then a slight 
plateau can be observed, followed again by a more pronounced decrease 
when increasing the laser pulse energy from 1.6 to 2.0 nJ. The evolution 
shown in Fig. 2b suggests that two different stages of significant N loss 
are present. Using the UV laser resulted in the same behavior, see Fig. 2c. 
This laser is specified to have a smaller spot size and thus, a smaller 
volume of the specimen is heated up [6]. The laser pulse energy was 
varied between 0.01 and 0.18 nJ and the diagram exhibits the same 
trend of the elemental composition as for the measurement with the 
green laser (Fig. 2b). Thus, it appears that a laser pulse energy of 0.01 to 
0.18 nJ for the UV laser is comparable with 0.1 to 2 nJ for the green 
laser, confirming that the UV laser possesses a higher effective laser 
energy [6]. The compositional evolution of the UV laser in Fig. 2c re-
veals that up to a laser pulse energy of ~0.02 nJ, the elemental 

composition is in good agreement with the composition determined by 
RBS/ERDA. Starting at ~0.03 nJ a decrease of N is visible. Between 0.07 
and 0.14 nJ, the N content is constant, whereas at the highest energies 
again a N decrease is observed. Thus, for the UV laser also a two-stage N 
loss is apparent. 

Fig. 3a illustrates the detected ion fractions over the laser pulse en-
ergy. At the lowest laser pulse energies, the mass spectra are dominated 
by CrN, which subsequently decreases upon increasing the laser pulse 
energy. The detected Cr ions first increase, then at laser pulse energies 
where in Fig. 2b the plateau is observed, they slightly decrease until at 
even higher energies they increase again. For laser pulse energies ≥ 0.8 
nJ Cr2N ions can be detected. The decrease of CrN, the presence of Cr2N 
and the strong increase of Cr at the highest laser pulse energies are in 
good agreement with the decomposition route of CrN [12], indicating a 
laser-induced thermal decomposition of the specimen during the 

Fig. 4. a) Elemental composition over the laser pulse energy of CrN, measured with the green laser at 15 K compared to the 60 K measurements marked with the 
faded symbols and b) the corresponding ion fractions to the 15 K measurements. 

Fig. 5. Reconstruction of three different CrN specimens, measured with a) 0.1 nJ, b) 0.5 nJ and c) 1.5 nJ (green laser) and the visualization of the distribution of the 
different ion species. 
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measurement. The evolution of the ion fraction with increasing laser 
pulse energy for the UV laser, shown in Fig. 3b, is slightly different to the 
one measured with the green laser (Fig. 3a). The amount of CrN ions at 
low laser pulse energies is much smaller, while the amount of Cr and N is 
increased. As the quantification result for low laser pulse energies, e.g. 
0.1 nJ (green laser) and 0.01 nJ (UV laser) is very similar (compare 

Fig. 2b and c), it appears that the UV laser leads to the formation of less 
molecular ions. Nevertheless, the evolution of the Cr ions and the inci-
dence of Cr2N in case of the UV laser for pulse energies ≥ 0.08 nJ 
(Fig. 3b) is very similar to the evolution of the ions for the green laser for 
pulse energies ≥ 1 nJ (Fig. 3a). Thus, it can be concluded, that the 
decomposition stages of CrN during the measurement by laser-assisted 

Fig. 6. TEM images with corresponding EDS map for three CrN specimens after the measurement with a) 0.1 nJ, b) 0.5 nJ and c) 1.5 nJ (green laser).  
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APT occur independently of the employed laser wavelength and spot 
size. In Fig. 3c the sectioned reconstruction of the specimen with five 
different energy ranges measured with the green laser is shown. For each 
section five million ions were collected and thus, the reconstructions 
become shorter as the cross-section increases. For the lowest laser pulse 
energy of 0.1 nJ, a homogeneous distribution of the ions can be 
observed. An increase of the laser pulse energy to 0.5 nJ leads to a 
segregation of Cr and CrN ions to the right hand side, which coincides 
with the incidence direction of the laser. At 1 nJ, Cr2N ions appear 
instead of CrN on the right hand side of the reconstruction and subse-
quently transform into Cr ions at 1.5 and 2 nJ, which is also in good 
agreement with the decomposition route of CrN [12]. It is reasonable to 
assume that the sequential decomposition of CrN into Cr2N and Cr is 
governed by the thermal energy input of the laser. The strong N loss may 
be explained by the release of gaseous nitrogen, which cannot be ionized 
by the low electric field at high laser pulse energies [9]. 

To investigate the influence of the base temperature on the onset of 
the decomposition, a measurement using the green laser, with 
increasing pulse energies, was performed at 15 K. Fig. 4a shows the 
evolution of the Cr and N content over the laser pulse energy for 15 K 
with the full symbols and the faded ones indicate the evolution of the 60 
K measurement which is also shown in Fig. 2b. For 0.1 and 0.2 nJ a 
composition close to stoichiometry is reached, while again the N loss 

starts at 0.3 nJ. The plateau between 1.0 and 1.4 nJ is more pronounced 
than for the measurement at 60 K. At the highest laser pulse energies, the 
N content decreases to < 5 at% in case of 15 K base temperature and, 
hence, even lower contents than for 60 K. One possible reason for the 
even higher measured N loss might be, that at lower temperatures higher 
electric fields are required for the field evaporation [32]. The evolution 
of ion fractions as a function of laser pulse energy in Fig. 4b are com-
parable to the ones in Fig. 3a. Thus, it can be stated that a lower base 
temperature does not shift the onset of the decomposition. 

To gain further knowledge on the notion of the measurement- 
induced thermal decomposition, three different specimens were 
measured, each one with a different constant laser pulse energy (green 
laser). In Fig. 5a-c the reconstructions of the measurements are sum-
marized. For 0.1 nJ (Fig. 5a) a homogeneous distribution of the ions can 
be observed. A lot of N and N2 ions are visible, while no Cr2N is detected. 
Fig. 5b shows the specimen measured at 0.5 nJ, where already a 
depletion of N is observable. However, still no Cr2N is visible. Fig. 5c 
depicts the specimen measured at 1.5 nJ, where no N ions can be 
detected. In Fig. 5c it can be seen that three different areas are present in 
the reconstruction: i) the left hand side, where a lot of CrN is present, ii) 
the middle, where Cr2N occurs and iii) the right hand side, where Cr is 
concentrated. It seems that on the right hand side a complete decom-
position occurred, whereas in the middle the intermediate state is 

Fig. 7. a) Elemental composition over the laser pulse energy of CrN, measured with the green laser at 60 K, while cycling the laser pulse energy and b) the cor-
responding ion fractions. 

Fig. 8. a) Elemental composition over the laser pulse energy of CrAlN, measured with the green laser at 60 K and b) the corresponding ion fractions.  
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reached and on the left hand side still the CrN is present, which is in 
accordance with the decomposition route of CrN [12]. The inhomoge-
neous distribution of the ions can be explained by the incidence direc-
tion of the laser on the right hand side, resulting in an inhomogeneity of 
the evaporation field on the specimen surface. This phenomenon has 
also been described in literature [33,34]. 

In a next step the remainder of these three specimens was investi-
gated by TEM, as shown in Fig. 6a-c. It can clearly be seen that all of 
them exhibit rounding at their top due to the previous measurement. 
The specimen in Fig. 6c has a larger radius than the other two due to a 
fracture event during the measurement. The TEM images of all three 
specimen look quite homogeneous and it seems that the remaining 
material is not influenced by the laser. In addition, the EDS images 
reveal a homogeneous distribution of N and Cr over all entire specimens 
and the elemental composition is close to stoichiometry. Consequently, 
it can be concluded that the elemental composition of the remaining CrN 
is not influenced during the measurement. This leads to the suggestion 
that the decomposition of the CrN just takes place during field evapo-
ration of the uppermost atomic layers. To test this notion a cyclic laser 
pulse energy variation was performed. Therefore, the laser pulse energy 
was varied between 0.1 nJ and 1.5 nJ several times. The development of 
the elemental composition for the different laser pulse energies in Fig. 7a 
provides evidence that the low laser pulse energy always leads to a 
composition close to stoichiometry, while 1.5 nJ results for each cycle in 
a significant N loss. Hence, the measured composition of a cycle at 0.1 nJ 
is not affected by the previous cycle at 1.5 nJ. The ion fractions over the 
laser pulse energy in Fig. 7b show that also the detected ions change 
reversibly. For 0.1 nJ the mass spectrum is dominated by CrN and no 
Cr2N ions are detected, whereas at the 1.5 nJ the mass spectrum is 
dominated by molecular Cr2N and elemental Cr ions. This reversible 
change of the elemental composition and the ion fractions supports the 
notion of CrN decomposition of the uppermost atomic layers. 

The measurement of the thermally more stable CrAlN is shown in 
Fig. 8a. At 60 K with the green laser, the laser pulse energy was increased 
from 0.1 nJ up to 2 nJ and decreased back down to 0.5 nJ. The 
composition close to stoichiometry determined by RBS/ERDA is marked 

with dashed lines. The content of Cr and Al increases with increasing 
laser pulse energy by 4 and 5 at%, respectively, while the N content 
decreases from 52 to 43 at%. Fig. 8b depicts the detected ions over the 
laser pulse energy. Beside the elemental species (Al, Cr and N) also 
molecular ions (AlN and CrN) can be observed. A higher amount of CrN 
compared to AlN is present due to the higher binding energy [18]. 
Further, the detected N ions decrease with increasing laser pulse energy, 
while N2 increases. Also, the metallic constituents Cr and Al slightly 
increase. A similar evolution of composition and ion fractions was 
observed for experiments with the UV laser (not shown). According to 
literature the N decrease with increasing laser pulse energy has been 
explained by multiple detection events, molecular ions and preferential 
evaporation [2,31]. The evolution of the multiple detection events for 
the CrAlN measurement series exhibits a decrease of multiplicity with 
increasing laser pulse energy, which may be attributed to the lower 
fraction of molecular ions [33]. Thus, the decrease of N is most probably 
not caused by multiple detection events. As a second explanation, the 
dissociation of molecular ions was stated [9]. In literature dissociation 
processes during laser-assisted APT measurements have been demon-
strated for different materials [8,30,35]. However, the here presented 
data cannot be used to prove such dissociation processes, since the LEAP 
3000X HR is equipped with a reflectron, that counteracts the energy 
difference of particles with lower or higher values than estimated [36]. 
Nevertheless, it seems reasonable that N-containing molecules disso-
ciate during the measurement and that with increasing laser pulse en-
ergy less neutral fragments can be ionized, due to the lower electric field 
strength [9]. 

In Fig. 9 the reconstruction of a CrAlN specimen, measured with five 
different laser pulse energies, is shown. The distribution of the ions is 
homogeneous over the whole measurement and no separation as in case 
of CrN (compare Fig. 3c and Fig. 5c) is visible. The minor N decrease and 
the homogeneous ion distribution for CrAlN compared to CrN lead to the 
assumption that no decomposition of the CrAlN upon increasing the 
laser pulse energy occurs which can be rationalized by the higher 
thermal stability of CrAlN. 

4. Conclusions 

Within this study we investigated the influence of the laser pulse 
parameters on the elemental composition by performing laser-assisted 
atom probe tomography (APT) on CrN and CrAlN in comparison to ac-
curate ion beam analysis data. It was shown that an increasing laser 
pulse energy has a major impact on the elemental composition. Espe-
cially for CrN a strong decrease of the N content could be determined 
and the detected ions indicated decomposition of CrN following the 
typically observed decomposition route into Cr2N and subsequently into 
Cr and gaseous N upon increasing the laser pulse energy. Considering 
the reconstruction of the specimen measured with increasing laser pulse 
energy an inhomogeneous distribution of the ions was observed. The 
thermally induced decomposition started at the incidence area of the 
laser. TEM investigations of the residue of measured specimens in 
combination with cyclic APT measurements revealed that the decom-
position only occurs within the uppermost atomic layers and that the 
elemental composition of the rest of the material is not influenced. 
Further, it could be shown that the base temperature and the laser 
wavelength as well as the laser spot size do not affect the evolution of the 
measured elemental composition. The CrAlN showed no decomposition 
during the measurement, which can be rationalized by its higher ther-
mal stability. The lower decrease of the N content for CrAlN, obtained 
with increasing laser pulse energy could be explained by the dissociation 
of molecular ions occurring at higher energies. The present study 
highlights the importance to determine suitable parameters for APT 
measurements to ensure the detection of the accurate elemental 
composition. 

Fig. 9. Sectioned reconstruction of five different laser pulse energy ranges on a 
CrAlN specimen. 
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