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Incubation effect
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Bursts of
ultrashort pulses
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Bursts oceneration

Incident pulses

Incident
pulse

Burst generator

Birefringent crystal

output pulses

of the TTM with burst of bulses

— —NPM —— NPM
‘§ 5 n=2 At=1.5ps n=2 At=3ps
3 I n=4 At=1.5ps n=4 At=3ps
S 5|
s
S 2l
& 4l
- U ; ' - r - A - A
5 10 15 10 15 20
r Time (ps) Time (ps)
TEMPERATURE { T
MODEL
oy = =V(0qVT) —G(T, —T))
T, =T,(z,t), T, = T;(z,t) electron and lattice temperature

Ce: Ce(Te)1 Cl
Ke = Ke(Te), K
G = G(Te)

Q

electron and lattice heat capacity
electron and lattice thermal conductivity
electron—phonon coupling factor

heat source

PhD student: Giuseppe Giannuzzi



Numerical simulations of the T'T'M with burst of pulses

- 4000

- 3000

(K)

]
8
o
T

1673

- 1000

Laser source
power density (10***W/m?®)

...................

Time (ps)

Normalized energy for reaching melting

At =15ps At=3ps
NPM 100%
n=2 99.9% 100%
n=4 75.0% 99.1%

Laser source
power density (10°**W/m?®)

Laser source
power density (10Z*W/m°)

, Burst Mode: n = 2, At = 1.5 ps

(@)

5

10 15
Time (ps)

5 Burst Mode: n = 2, At = 3 ps

44000

43000 &>

{2000 -
11673

41000

20

(c)

42000

414000

{3000

=
»

1673+

41000

2 4

6

Time (ps)

8 10 12 14 16 18 20

Laser source
P =

power density (1 Ozz*Wlma)
o
o

o
o

s sy
o w

Laser source
o
(4]

power density (10°*W/m?°)

o
o

[t

IFN

Burst Mode: n = 4, At = 1.5 ps
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Experimental set-up
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Ablation threshold fluence ®;; in NPM and BM
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Ablation threshold fluence CIDth decreases with N,,,
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Threshold fluence per burst @, ,

and incubation model
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Incubation in Burst Mode
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Ablation removal rate during laser milling in NPM and BM®
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Ablation removal rate during laser milling in NPM and BM®&

» The BM specific removal rate was always lower that the maximum specific removal rate obtained in NPM
» The laser-matter interaction of first sub-pulses in the burst probably induced shielding or scattering of subsequent ones

» Some burst configurations led a higher removal rate than NPM in a narrow window of process conditions at low fluence
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Laser-induced periodic surface structures — LIPSS
L SFL
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A2 <Ajgpp <A Wave (SEW) excited by irradiation: periodic pattern of laser
H SF | energy absorption on the irradiated surface
High Spatial Frequency LIPSS The spatial period of the modulated electromagnetic field of
/1 < /1 / 2 the Surface Plasmon Polariton (SPP) can be estimated
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M. Huang, ACS Nano 3, 4062 (2009) J. Zhang, J. Phys. D: Appl. Phys. 45, 113001 (2012)
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LinearlyPolarized
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Evaluation of LSFL morphology features

ANALYSIS OF: EVALUATION OF:
- scanning electron microscope (SEM) images — spatial period, A
- atomic force microscope (AFM) profiles — depth, Az
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Influence of the burst features on LSFL morphology
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« The depth decreases with the intra-burst delay due to a shielding effect

« Dependence of the LSFL depth on n ascribed to: -

G. Giannuzzi et al., Opt Lasers Eng, vol. 114, p. 15-21 (2019).

shielding effect

[A. Semerok et al., Thin Solid Films 453 (2004)]

- Incubation effect ic. caudiuso, G. Giannuzzi et al., Opt. Express., 4 (2018)]
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CIRCULARLY POLARIZED (CP) BURSTS

Varying: number of sub-pulses
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WETTABILITY
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Static Dynamic
Sample WCA H
LSFL - NPM 150.2° £ 1.6° 144° + 3°
? e Yt LSFL - n16 160.1° + 1.5° 138° + 9°
gg BEEih LSFL - n32 138.7°+ 1.3° 131° + 5°
i SEETELiEtE - HSFL - NPM 160.6° + 1.2° 146° + 3°
NP HSFL - BM 145° + 2° 137° + 2°
Triangular 2D-LIPSS 155.6° + 1.3° 128° + 7°
Pillars 123.7°+1.8° 107° + 4°
Micro-ripples 157.1°+1.4° 144° + 5°
Untreated 55° + 2° 55° + 5°

Sticky super-hydrophobic surfaces

Triangular
2D-LIPSS
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CONCLUSIONS

» The numerical simulations of the TTM highlight that a more efficient energy transfer is
achievable with bursts of ultrashort pulses

= |ncubation in BM is stronger than NPM and it increases with the pulse splitting

= |n general, the reduction of the threshold fluence with bursts do not imply higher removal
rate than NPM, apart in a narrow range of low fluence for some burst configurations.

= Bursts with picosecond delays generate LIPSS which morphology can be varied with the
burst features (number of sub-pulses, time delays, polarization)

» The textured surfaces are sticky and super-hydrophobic
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