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Motivation

Dielectrics

Silica (SiO2)

SiO2

UV→IR 
fs laser
beam

Ultrashort pulses in dielectrics
• Femtosecond pulses (~ 10-13 s)
• Extreme intensities (~1015 W/cm2)
• Multiphoton absorption

permanent
modification

Gallium Arsenide (GaAs)

• Bandgap: 1.1 eV • n: 3.5 • Bandgap: 1.4 eV • n: 3.4

Ultrashort pulses in semiconductors → 2-3 photon absorption (near-IR)

Semiconductors

Silicon (Si)

• Bandgap: 9.0 eV • n: 1.45
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Si

IR laser
beam

NO MODIFICATION

• Beam defocusing 
(nonlinear propagation)

• Pre-focal plasma 
(screening)

• Reduced numerical 
aperture (high n)

plasma



Motivation

Semiconductors

Si

IR laser
beam

NO MODIFICATION

Si

IR laser
beam

PERMANENT
MODIFICATION

Compensation strategies

nanosecond pulses picosecond pulses

Temporal strategies

4

ultrashort bursts plasma optics

GaAs



Nanosecond laser welding
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focused
nanosecond
laser beam

Top - Si

Intimate contact Laser irradiation

welded
pattern

Bottom

Top
welded
region

Shear joining
strength

(Si-Si)

32±10 MPa

50 m

Top

Bottom

P. Sopeña, A. Wang, A. Mouskeftaras, D. Grojo, Transmission Laser Welding of Similar and Dissimilar Semiconductor Materials. Laser Photon. Rev. 16, 2200208 (2022)
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Picosecond pseudo-Bessel beams
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N. Ganguly, P. Sopeña, D. Grojo, Ultra-high-aspect-ratio structures through silicon using infrared laser pulses focused with axicon-lens doublets. Light: Adv. Manuf. 5, 22 (2024)
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Ultrashort THz repetition rate bursts
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421

1 pulse     (E●)
8 pulses   (P●)
64 pulses (S●)

Increasing number of pulses
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A. Wang, P. Sopeña, D. Grojo, Burst mode enabled ultrafast laser inscription inside gallium arsenide. Int. J. Extrem. Manuf. 4, 045001 (2022)

birefringent YVO4 crystals

1550 nm
180 fs

[…]

THz train of 64 pulses
⁓11.5 ps

GaAs 
(100)

k
140 µm

190 µm

written buried lines
(stealth dicing)

laser
beam k



190 fs

10 ps

fs+ps
(delay 20 ps)
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higher 
energy

delivery

Image Fluence Plasma Energy 

190 fs

10 ps

fs+ps
(delay 20 ps)

beam
(N=100 p)

20 μm

fs pre-pulse

ps pulse

Si

pre-focal
plasma

pre-focal plasma

breakdown

Si

fs-ps double-pulse irradiation

70 μm

180 μm

A. Wang, A. Das, V.Y. Fedorov, P. Sopeña, S. Tzortzakis, D. Grojo, In-chip critical plasma seeds for laser writing of reconfigurable silicon photonics systems, Nat Commun 16, 6733 (2025)



Motivation

Dielectrics

Silica (SiO2)

SiO2

UV→IR 
fs laser
beam

Ultrashort pulses in dielectrics
• Femtosecond pulses (~ 10-13 s)
• Extreme intensities (~1015 W/cm2)
• Multiphoton absorption

permanent
modification

Granular polymers

• Bandgap: ~5 eV • n: 1.8

Heterogeneous structure   Phase compensation
 → Random light propagation

Scattering materials

Polycrystalline ceramics

• Bandgap: 9.0 eV • n: 1.45

9
NO MODIFICATION MODIFICATION



Flipped quasi-Bessel beams
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P. Sopeña, N. Sanner, Customized flipped quasi-Bessel beams for infrared ultrafast laser drilling through scattering FR4 composite, Opt Laser Technol 192, 114037 (2025)

→ Customized Bessel beams
→ Improve drilling by inverting on-axis profile

→ Next: Wavefront shaping
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