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The long way for innovation...
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Need for a strong collaborative work industry research
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Impulsion fs en volume

I ield ionization
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Transparént sample

MRS Bull Itoh et al. 2006

Précision (absorption non linéaire)

eUsinage dans la masse

eSeuil de modification: N limite diffraction
eEffets thermiques restreints (fs << ns)
eNanostructuration ‘ripples’ (laser)
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Result: empty void
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Leitmotiv

Control E(x,y,z,t)
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Dusser et al. Opt. Express (2010)

Control
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Groenendijk M. L
Journal, 5 (2008)

Glezer et al. Opt. Lett. Vol.21 (1996)
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Hnatovsky et al.
Phys. Rev. Lett. 106 (2011)
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e Leitmotiv

Control E(X,Y,Z,t)
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e Spatial beam shaping — Wavefront modulation

Intensity distribution




e Spatial beam shaping — Wavefront modulation

Modulator

¥ e

Liquid cristal

WEF governs:
ePropagation
e|ntensity profile




e Spatial beam shaping — Wavefront modulation

Modulator

e

Liquid cristal

WEF governs:
ePropagation
e|ntensity profile




e Spatial beam shaping — Wavefront modulation
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e Spatial beam shaping — Wavefront modulation

IFTA algorithm (Iterative Fourier Transform Algorithm)
ePhase mask for arbitrary intensity profile

Phase mask

vahve (Cm)

Sanner et al. Opt. Lett 2004




e Spatial beam shaping — Wavefront modulation

IFTA algorithm (Iterative Fourier Transform Algorithm)
ePhase mask for arbitrary intensity profile

Sanner et al. Opt. Lett 2004




e Spatial beam shaping — Wavefront modulation

IFTA algorithm (Iterative Fourier Transform Algorithm)
ePhase mask for arbitrary intensity profile
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e Spatial beam shaping — Wavefront modulation

IFTA algorithm

Single static exposure
~700 spots
Stainless steel

Surface function
(data marking)




e Spatial beam shaping — Wavefront modulation

IFTA algorithm (Iterative Fourier Transform Algorithm)
ePhase mask for arbitrary intensity profile
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Mauclair et al. Opt. Express 2009




e Spatial beam shaping — Wavefront modulation

IFTA algorithm (Iterative Fourier Transform Algorithm)
ePhase mask for arbitrary intensity profile
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Objective

Mauclair et al. Opt. Express 2009



e Spatial beam shaping — Wavefront modulation

IFTA algorithm (Iterative Fourier Transform Algorithm)
ePhase mask for arbitrary intensity profile
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e Spatial beam shaping — Wavefront modulation

IFTA algorithm (Iterative Fourier Transform Algorithm)
ePhase mask for arbitrary intensity profile

RESEARCH HIGHLIGHTS

Multispot writing

in fused glass
Opt. Express 17,3531-3542 (2009)

Cyril Mauclair and co-workers from Fr:
and Germany have now demonstrated

that the problem of speed can be solved by
parallel photoinscription that uses multiple
laser spots with reconfigurable patterns

NATURE PHOTONICS | VOL 3 | MAY 2009

Mauclair et al. Opt. Express 2009




e Spatial beam shaping — Wavefront modulation

IFTA algorithm (Iterative Fourier Transform Algorithm)
ePhase mask for arbitrary intensity profile

Gain de temps

RESEARCH HIGHLIGHTS

Multispot writing

in fused glass
Opt. Express 17,3531-3542 (2009)

Cyril Mauclair and co-workers from Fr

and Germany have now demonstrated

that the problem of speed can be solved by
parallel photoinscription that uses multiple
laser spots with reconfigurable pattern

NATURE PHOTONICS | VOL 3 | MAY 2009

Mauclair et al. Opt. Express 2009




e Spatial beam shaping — Intensity modulation

IFTA algorithm (Iterative Fourier Transform Algorithm)
ePhase mask for arbitrary intensity profile
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Mauclair et al. Opt. Lett. 2011




e Spatial beam shaping — Intensity modulation

IFTA algorithm (Iterative Fourier Transform Algorithm)
ePhase mask for arbitrary intensity profile
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e Spatial beam shaping — Wavefront modulation

Pre correction of aberration
ePhase mask depending on depth

Aberrations

_ “longation spot
Lentille

Mauclair et al. Opt. Express 2008



e Spatial beam shaping — Wavefront modulation

Pre correction of aberration
ePhase mask depending on depth
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Mauclair et al. Opt. Express 2008



e Spatial beam shaping — Wavefront modulation

Pre correction of aberration
ePhase mask depending on depth
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e Spatial beam shaping — Wavefront modulation

Pre correction of aberration - STATE of the ART
ePhase mask depending on depth

3D parallel fabrication

without SA corr. with SA corr top view, side view,
lithium niobate fused silica
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Booth et al. Opt. Express 2010
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Spatial beam shaping — Polarization modulation

Control of nanostructuration in the bulk
eRipples orientation

Mauclair et al. Opt. Express 2012




Spatial beam shaping — Polarization modulation

Control of nanostructuration in the bulk
eRipples orientation STATE of the ART

Hnatosvsky et al. Phys Rev. Lett. 2011
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e Leitmotiv

Control E(x,y,z,1)
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Phase mask

Ramp

Parabolic _A

Cubic

Phase grating

Wollenhaupt et al., Springer Handbook of Lasers and Optics (2007)




e Temporal beam shaping

Control of energy deposition
e Modification volume

masque

Algo. Geénétique Impulsions mises en forme

Boucle adaptative
feedback

évaluation

Expérience

Mermillod et al. App. Phys. Lett. 2009




e Temporal beam shaping

Control of energy deposition
e Modification volume
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e Temporal beam shaping

Control of nanostructuration in fused silica

Mauclair et al. Opt. Express 2012



e Temporal beam shaping

Control of nanostructuration in fused silica

400 300 250 210 A

Mauclair et al. Opt. Express 2012
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e Physics behind?

Non-Linear Schrodinger Equation
eCalculation of Electronic density
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e Physics behind?

Pump probe set up
ePictures of Electronic density
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e Physics behind?

Pump probe set up
ePictures of Electronic density

Static picture

Ml S, + absorption

Temporad resol ution ~500fs>150fs carrier lifetime



e Physics behind?
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e Post scriptum

Write-rewrite
eBirefringence / Nanostructures in fused silica

Intensity, a. u,

Taylor et al. Opt. Lett. (2207



e Post scriptum

Write-rewrite
eQur results in BK7
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e Post scriptum
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Conclusion

Control E(x,y,z,t) & control
modification

Parallel processing bulk & surface
Aberration correction - deep writing

Polarization modulation >
nanostructures

Pulse shaping - localization of energy
deposition

Simulations means (NLSE)

Pump probe - physical insight, better
control of interaction

Write-Erase
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