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Interaction of pulsed femtosecond Ti:sapphire laser (160 fs), operating at high repetition rate (75 MHz) at
800 nm, with nickel-based superalloy Inconel 600 and tungsten–titanium (WTi) target was studied. The WTi
target was in form of thin film deposited on silicon substrate. Low laser fluence of maximum 50 mJ/cm2 had
modified the target surface during irradiation/exposure time of seconds or minutes. The radiation absorbed
from the laser beam generates at the surface a series of effects, such as direct material vaporization, formation
of clusters, etc. Morphological features of the targets can be summarized as: (a) intensive removal of material
and crater appearance; (b) creation of nanostructures; (c) microcracking, etc. Ablation of Inconel 600 surface is
effective, resulting in formation of holes with small diameter (≤ 10 µm) and relatively large depth (≤ 50 µm).
In case of WTi target/thin film, the surrounding rim is not so expressed, and crater depths are lower. It can be
concluded that the average laser power of the order of watts, pulse energies of the order of nanojoules and high
repetition rates (MHz range) can successfully modify metallic materials.

PACS numbers: 42.62.-b, 61.80.Ba, 61.82.Bg, 79.20.Eb

1. Introduction

Studies of the surface modification of materials, in-
cluding metals, by various types of energetic beams (laser
beams among others), are of great fundamental and tech-
nological interest. Due to dramatic decrease of thermal
effects, high precision processing of the materials using
ultrashort laser pulses (both picosecond and femtosec-
ond) is extremely advantageous [1, 2]. Picosecond as well
as femtosecond lasers are widely applied for the surface
modification of metals [2, 3], alloys [4], biomaterials [5],
etc.

Nickel-based superalloys are within the class of special
alloys, characterized by extraordinary properties: high
temperature and mechanical strength, admirable corro-
sion resistance, excellent thermal conductivity, resistance
to aggressive atmosphere. They are therefore attrac-
tive for various applications in electronic, chemical and
food industry, aerospace engineering, nuclear complexes,
etc. [6]. Tungsten–titanium alloy which is studied in
this work, too, as a refractory material, possesses ex-
traordinary characteristics. It is attractive for microelec-
tronic, gas sensor technology, protective coatings tech-
nology, etc. [7].

The interaction of WTi thin film and nickel-based su-
peralloy Inconel 600 with femtosecond laser pulses, at a
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megahertz repetition rate, was not studied as we know.
Our emphasis here is on studying the effects of a high
repetition rate (75 MHz) femtosecond laser, emitting ra-
diation at 800 nm, on the material’s surface. Irradiation
was performed at low energy — nanojoule regime. Spe-
cial attention was paid to morphological surface modifi-
cations.

2. Experimental

Irradiations of the samples were performed with MIRA
900 Ti:sapphire femtosecond laser (Coherent Inc.) which
was pumped by VERDI V-10 Nd-YVO4, frequency dou-
bled laser (Coherent Inc.). MIRA 900 has 160 fs optical
pulse length; repetition rate 75 MHz; wavelength 800 nm
and linearly polarized beam. Maximum output power is
up to 2 W.

After MIRA 900, small part of the beam (about 1%) is
extracted for real time monitoring of femtosecond regime.
Further, the beam passed through a beam expander (1:4),
and finally it was focused by lens. Sample was placed
at the precise x–y–z holder perpendicular to the beam.
Accuracy of the z-scan was about 10 µm. Pulse energy up
to 20 nJ per pulse was delivered to the sample surface.
Beam waist, at the focal point, was about 30 µm. All
irradiations were carried out in air atmosphere.

The tungsten–titanium thin films were deposited
on silicon substrate (n-type) by dc sputtering of the
90%W–10%Ti wt target. The deposition rate was
0.14 nm/s, while the thickness of thin film was 190 nm.
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Prior to laser irradiation, the surface of the nickel-
-based superalloy Inconel 600 was prepared by a standard
metallographic procedure. Estimated surface roughness
of the sample (measured by AFM) was around 120 nm

Surface morphology of the targets was monitored by
optical (OM) and scanning electron microscopy (SEM).
Specifying of the geometry of the ablated/damaged area
was performed by profilometry.

3. Results and discussion

Morphological changes of WTi target after 1 and 7
min (pulse energy of 16 nJ), and Inconel 600 target after
10 s (pulse energy of 17.3 nJ) and 7 min (pulse energy
of 20 nJ) are presented in Figs. 1 and 2, respectively.
Surface features can be summarized as: (a) intensive re-
moval of material with crater appearance; (b) formation
of redeposited material at near and further periphery;
(c) sporadic microcracking of the inner and outer dam-
age area, and (e) creation of spark-like plasma in front of
the target.

Fig. 1. Irradiation of WTi target with fs laser (Ep =
16 nJ). OM analysis after 1 min (A) and 7 min (B). Pro-
filometer analysis of the damage formed after 7 min (C).

Interaction of femtosecond Ti:sapphire laser with both
targets, under these conditions, resulted in the produc-
tion of narrow damage area with the presence of a debris
at the periphery. The equivalent crater diameter of the
damage zone was maximum ≈ 10 µm. Damage diame-
ter as a function of irradiation time, at the similar laser
energy, typically increases with the increase of exposure
time.

Generally, for irradiation at low repetition rates and
low pulse energy only small portion of Gaussian beam
close to the intensity peak has enough energy to ablate

Fig. 2. Irradiation of Inconel 600 target with fs laser.
OM and SEM analysis after 10 s, Ep = 17.3 nJ
(A and C), and after 7 min, Ep = 20 nJ (B and D).

the material, thus resulting in crater diameter smaller
than the laser beam waist. However, at higher repetition
rate (order of MHz) at the outer edges of the beam, ther-
mal effect accounts for part of the ablation process even
at fs pulse duration [8]. On the example of Inconel 600, it
can be seen that for very short exposure times (order of
seconds), the debris cohesion with the target is low. On
the other hand, material ablation with longer exposure
time, as a rule, resulted in a stronger debris cohesion [9].
Profilometry comparing of two targets after 7 min expo-
sure showed that in the case of WTi, the surrounding rim
equals ≈ 1.25 µm, and for Inconel 600 it was ≈ 8 µm.

Longer irradiation time of 7 min resulted in a promi-
nent debris presence at the periphery region and deeper
craters in both materials. Preliminary focused ion beam
(FIB) analysis shows lower crater depths in WTi sam-
ples (≈ 10 µm) than in Inconel 600 (≈ 50 µm) for 7 min
irradiation time.

The time gap/length between two successive laser
pulses in our experiments was 13.3 ns (repetition rate
75 MHz), so the lattice/target was completely, “cooled”
during this time [2, 10]. Ablation/modification with fem-
tosecond laser pulses involves achieving of relativelly high
intensity (in our experiments ≈ 1011 W/cm2), precise
material modification, etc.

More detailed SEM analysis of the Inconel 600 surface
after exposure time of 7 min is given in Fig. 3.

Preliminary observation/analysis of the rim structure
(Fig. 3B) showed its difference in the crystallinity com-
paring to non-irradiated region. The presence of nanos-
tructures at a further periphery was recorded on In-
conel samples, particularly for longer laser irradiation
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Fig. 3. SEM micrographs of Inconel 600 surface prior
to irradiation (A), and after 7 min (B and C). Ep was
17.3 nJ (B) and 14.6 nJ (C).

times (order of minutes). Dimensions of the individual
nanograin were in the interval from ≈ 50 to ≈ 200 nm
(Fig. 3C). At low laser pulse energy/fluence regime the
temperature at the surface is slightly above the evapora-
tion temperature, thus the intensive material removal is
possible via existence of a strong pressure in the absorb-
ing region [11]. The ablated material, in this case, can
include energetic clusters which can be redeposited close
to the crater. The fast transition from solid to vapor as
well as fast cooling probably affect the material resolidifi-
cation, including the appearance of a new crystallization
form at the rim of the crater.

4. Conclusion

A study of morphological changes of WTi and nickel-
-based superalloy Inconel 600 target induced by a fem-
tosecond Ti:sapphire laser, operating at 75 MHz at the
wavelength of 800 nm is presented. Laser energy/fluence
of maximum 20 nJ/50 mJ/cm2 was sufficient for surface
modifications.

Generally, based on this study, it can be concluded
that the average laser power of the order of watts, at
high repetition rates and low pulse energies of the order
of nanojoules, can successfully modify the metallic mate-
rials. The results for crater depths indicate a possibility
of using this fs laser in the processes of precise drilling,
with µm size holes in thin foils of the similar materials.
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