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Energy | =™ Excited states

- Ground state

THE LASER

If a photon (a light bundle)
with proper energy is sent

to an excited atom, the atom
falls into its lower energy and
emits a second photon perfectly
identical to the first one.

https://www.youtube.com/shorts/Ka7kulSINSE https://www.youtube.com/watch?v=R_QOWbkc7UI



Pulsed Laser

Dimple Forming

Less thermal effect, suitable for precision proces sing /

High thermal effect & high removal rate
W

https://www.youtube.com/watch?v=69n4lzw2JUQ
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Pulsed Laser
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Non-thermal processing with minimal thermal effects
instantly vaporizes material

https://www.youtube.com/watch?v=69n4|z\ >



Carrier excitation Absorption of photons
Avalanche ionization
Thermalization Carrier—carrier scattering
Carrier—phonon scattering

Thermal and Shock-wave emission

structural events
Thermal diffusion

Resolidification
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Timescale of the physical phenomena associated with
the interaction of a femtosecond laser pulse with transparen

materials

Gattass R., Mazur, E. Femtosecond laser micromachining in transparent
materials.Nature Photor?, 213;225 (2008).

https://www.youtube.com/watch?v=69n4lzw2JUQ

Non-thermal processing with minimal thermal effects
instantly vaporizes material



Energy deposition
- Non-equilibrium plasma
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Ultrashort pulses Long pulses
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Fs LASERpplications in Nuclear Environments
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https://www.nature.com/articles/s413779023-011421
https://opg.optica.org/josab/abstract.cfm?uri=josad)-12-3262
https://iramis.cea.fr/len/anrfemtodoseproject-20222026/




| aser Wakefield acce

spiral phase plate
(a)

ring grating

V This work could be used in Meter -scale
plasma waveguides for multi -GeV laser
Wakefield acceleration

)

J. E. Shrock, B. Miao, L. Feder, H. M. Milchberg; Meter-scale plasma waveguides for multi-GeV laser wakefield acceleration. Phys.
Plasmas 1 July 2022; 29 (7). 073101.
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https://en.wikipedia.org/wiki/Morris_Chang

The new technology of semiconductors

ADVANCED PACKAS
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Al Logic Die

https://www.youtube.com/watch?v=egYoxa|Tz0



SIC for higkspeed data transmission and Al technolog

Performance/Advaniages/@iC

Adigh Power DensityCan carry higher voltages and currents in . N7
smaller devices. ;i
Adigh Temperature OperatiorWorks up to 60§1000°%/ @a { A
°C practical limit.

Adigh FrequencySupports faster switching, reducing size of passivé
components (like inductors).

Metter Thermal ManagementNaturally resists overheating,
reducing need for bulky cooling.

Application-Level/Advantages

Aower ElectronicsEV inverters, chargers, solar inverters, power
suppliest SiCdrastically improves efficiency.

ARF / HighFrequency SiCenables compact, efficient 5G base
stations and radar.

HOptical/Photonics Integration Its wide bandgap and low optical
absorption makesiCattractive for integrated optics.

AReliability in Harsh EnvironmentsAerospace, defense, and
industrial settings benefit fromy A Stdb#ity.

https://www.youtube.com/watch?v=aake09AW1D8&t=45s



Sic for CPO (Guackaged Optics) applications

SiCinterposersfor CPOaddressthe bottleneckt heat
Comparedto silicon, SiC improves thermal handling,
reliability, and optical integration, making it a strong
candidate for nextgen Al datacenter and co-packaged
opticssystems

The trade-off is cost and yield, but for highend
applications SiCcouldbe a gamechanger

https://www.youtube.com/watch?v=PBTt3X2FpgQ



Applications 3D silicon

HBM
(High Bandwidth Memory)
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Recent Progress of TGV Technology for High Performance Semiconductor Packaging J WaR4o#2(2):155164. Published onlne April 30, 2024
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Applications

3D silicon Packaginc

Glass - Laser Modification- Glass -Chemical Etching- Gass = P
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https://www.youtube.com/watch?v=IP39gGR90Vs



Fluence
0.5

Single pulse

Field injector .
: J Bessel beam, x-polarized
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Propagation distance (pm)

P-J Charpin, et al, Optics Express 32, 10175 (2024) "Femtosecond lasemduced sub-wavelength plasma inside dielectrics:

[ll. Terahertz radiation emission” K. Ardaneh et al, Physics of Plasmas 30, 013301 (2023)



Fleld lonizatl



Field /lonization’hheory

Field ionization:theorywas first quantitatively developed by L. D. Landau in
1934, explaining how a strong electric field can suppress a potential barrier
to enable electron tunneling ionization from an atom.
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Reiss, H. R. "Complete Keldysh theory and its limiting cases." Physical Review A 42.3 (1990): 1476-1486.


https://en.wikipedia.org/wiki/Nobel_Prize_in_Physics

Keldyshtheory for ionization: depend orkeldysh
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Keldysh Photoionization Rate:

Assembling all pieces, the ionization rate per unit volume is:

or
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Due to periodicity, the total amplitude is a coherent sum over saaldle3his sum
reorganizes into a sum over photon chanaelstiplt 8 , where¢ counts extra photons
beyondl

Thechannelsum functionis:
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P-J Charpin, et al, Optics Express 32, 10175 (2024)




Can we reproduce the diagnostics with Particle In Cell simulations ?

We included medium permittivity + multiphoton ionization +impact in EPOCH code

We use Keldysh model,
FxE=-d,8 Interpolation of
1 the E:B fields In
PxB= gé‘,ﬁ + 1y the positions of
the particles

Weighting of L
particles in the dt

mash points fo dyv v
calculate p,J - ~9(E+oXE)

P-J Charpin, et al, Optics Express 32, 10175 (2024) "Femtosecond lasemduced
I. Field enhancement”, K. Ardaneh et al, Physics of Plasmas 29, 072715 (2022)
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P-J Charpi, et al, Optics Express 32, 10175 (2024)

Pulse propagation in time
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II. Second-harmonic generation”, K. Ardaneh et al, Physics of Plasmas 29, 072716 (2022)
lll. Terahertz radiation emission” K. Ardaneh et al, Physics of Plasmas 30, 013301 (2023)
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Light Beam



Gaussian Beam

On-axis intensity along z
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Bessel Beam

Q,n-axis intensity along propagation
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Light Shaping by SLM
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https://www.youtube.com/watch?v=JRqg43GLFSw



Light Shaping by SLM
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Optical path diagram of vortex beam

lans aned CCD,

https://www.youtube.com/watch?v=JRqg43GLFSw

and a series of gradually attenuated side lobes.




Light Shaping by SLM

A

and a series of gradually attenuated side lobes.
4 s ies of gradually
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Vortex beam

Optical path diagram of vortex beam

lans anel CCD,

https://www.youtube.com/watch?v=JRqg43GLFSw
https://www.youtube.com/watch?v=2h3FmA6WgGo



Light Shaping by SLM
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Difractive optical element (DOE)

INSIDER

Computer Generated Hologram

’. _

It's covered in tiny
carvings that change
Spatial Light Modulator (SLM) the shape of a laser beam.

OI: J/OE.21.018797

https://www.holmarc.com/axicons.php
https://wavelength-oe.com/articles/bessebeam/



http://dx.doi.org/10.1364/OE.21.018797
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Light beam Shaping applications

Once the femtosecond (Fs) laser is shaped, it can be applied to a variety of
applications, including:

Through Glass/ceramivias(TGV) (TCV) ] . Laser Weldlng Multiphoton Luminance Image
WavegU|de ertlng Glass/Glass or Glass/others P ?

With femtosecond laser

3D structuring
( by two-photon

(@

Chip2

https://www.laserfocusworld.com/industrial-laser-solutions/article/14216407/femtosecond-laser-glass-processing

Niu, S., Wang, W., Liu, P., Zhang, Y., Zhao, X., Li, J., Xiao, M., Wang, Y., Li, J., & Shao, X. (2024). Recent Advances in Applications of Ultrafast

Lasers. Photonics, 11(9), 857.

Richter, S., Doring, S., Tinnermann, A. et al. Bonding of glass with femtosecond laser pulses at high repetition rates. Appl. Phys. A 103, 2571 261 (201135
https://hubner-photonics.com/knowledge-bank/femtosecond-lasers-for-multiphoton-microscopy/
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Plasma Issues: TTM + MPI

ang nu - HE ng
= (wpy + nowy) — —, (1)

ot n, T,

o7, ERY

Gle — yeilT. — T; w
Ce or Bz —o }’cl( = 1) —+ FiE (9)

or; _ R
C’; 37 VeilTe 7). (10)

where j4; is the electron-lattice coupling factor, and C. and
C; are the electron and lattice heat capacity, respectively. The
electron heat capacity is

>~ 9
Ce(1To.1.) = p f 3fr (&) g(e) e de, (11)
BEY
&y (b)
and the lattice heat capacity” is C; = 1.6 J/(cm>K).

The last term in Eq. (9) corresponds to the potential energy
transferred to the electrons during the recombination process,
and the electron energy losses during the collisional ionization
process,

~ 1 Flg
W; = Usne —_—

Ty e

Fly — Fle -~
wn(Us)] — = Uewn(Ug).  (12)

In Eq. (9). S; is the absorbed energy flux

S =11 — R(z = 0.0)] L;(z) exp (—Z—Z) . (13)

Lp

Chimier, B., et al. "Damage and ablation thresholds of fused-silica in femtosecond regime." Physical Review Bd Condensed
Matter and Materials Physics 84.9 (2011): 094104.



Recent work:

Prof. Lo group could add the following to Eg. and get new Ionization rate:

pupil-plane complex field(SLM/axicon phase mask style):

bupi1A00(;- [Agptinost sa 1 )h o S

BesselA Gaussian field enters the rate analytically

Local field amplitude and locall i haho

In your experiment/modeQ is not constard it depends oni o
Oihf Q) ihios

Thus

and yourocal photoionization rateis{0 ihf® 0 (¢ iR A Y o)A
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beams with on-demand tailored intensity profiles
along arbitrary trajectories
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PHYSICAL REVIEW B 73, 214101 (2006)

Laser-matter interaction in the bulk of a transparent solid: Confined microexplosion and void
formation

Eugene G. Gamaly™*

Laser Physics Centre, Research School of Physical Sciences and Engineering, the Australian National University, Canberra ACT 0200,

Australia

i ,i) Research Article Vol. 32, No. 6/11 Mar 2024/ Optics Express 10175 |

Optics EXPRESS

Simulation of laser-induced ionization in wide
bandgap solid dielectrics with a particle-in-cell
code

Check for
updates
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With femtosecond laser

—

Photonic2023 10(5), 515https://doi.org/10.3390/photonics10050515
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Internal Nonthermal Melting of 4H-SiC Induced by Femtosecond
Laser Pulses

Qiangian Zhang, Yunfan Yue, Zhongle Zeng, Zihan Zhang, Jiakang Zhou, Xiangyu Chen, Niannian Yu,
Huan Wang,* and Xuewen Wang*
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;h%; Cite This: ACS Appl. Electron. Mater. 2025, 7, 6402-6410 Read Online
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ACCESS |

ABSTRACT: As a third-generation semiconductor substrate for
high-power electronics, silicon carbide (4H-SiC) faces severe
processing challenges, with conventional slicing technologies
exhibiting high loss and poor quality. The innovative application
of femtosecond laser slicing technology is dedicated to improving
the utilization efficiency of 4H-SiC single crystals, significantly
reducing damage defects, greatly enhancing the cutting accuracy,
and ultimately reducing the loss of 4H-SiC wafers during the slicing
process. In this study, femtosecond laser manufacturing technology
is used to generate a modified layer inside the 4H-SiC wafer for
slicing. The formation mechanism of the modified layers under
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