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Local development 
of architectures in a

photosensitive support

Rilll et al., Nature Materials, 2008

3D assembling of 
2D or 3D structures

Nanometric but 2D

Lithography technique

3D but diffraction limited

Femtosecond laser
writing
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I.a.    Towards new 3D photonic structures

I. Introduction

•	Evolu'on	to	nano-scale
structures	with	mul'-scale	
3D	architectures
	
	
•	New	elementary	op'cal
bricks	at	smaller	dimensions
			-	new	shapes
	
	
•	3D	architectures	with
versa'le	DLW	with	
mul--func-onali-es



	

Photographic Film Photosensitive Glass

Ag+ Ag0 Agmx+ Agn

Contrasted ImageLatent Image

e-

Glass Femto-photo-
luminescent: FPL

Development

Doisneau, Mathématiques, 1941
Stookey, Ind. Eng. Chem., 1949

	Photosensi)ve	materials:	Phosphate	glass

P2O5 /ZnO / Ag2O/Ga
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Clusters



	Le verre? Le matériau du futur?
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CB

VB

CB

VB

 Origine de la Structuration 3D

Clef: absorption
non-linéaire du laser
femtoseconde

Principe de structuration 3D

Dépot d’energie dans un semi conducteur suite à une absorption linéaire
gauche et non-linéaire à droite
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Photo-ionization (multiphoton absorption
and/or tunneling ionization) (after1 fs)

Avalanche ionization (after50 fs)

Thermalization of the electrons (after100
fs)

Energy transfer electrons → lattice (after1 ps)

Thermodynamic processes
(thermal diffusion, fusion and/or

explosion) (after 10 ps)

Photochemical processes (chemical reactions
and/or phase transitions) (after 1 ns)

1
fs

1 ps 1 ns 1 µs Time

 Les principaux processus physiques suite au dépot d’énergie
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Modification d’indice
homogène

Modification d’indice
anisotrope

Micro-explosion

Guide d’onde Polariseur Stockage

 La structuration de la silice

No
modification

Type 1:
Isotropic RI

change

Type 2:
Birefringent RI

change

Type 3:
Micro-
cavities

Fluence

1 µm
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La structuration dépend fortement de la fluence ( J/cm²)

Travaux de
Kasansky,
Corkum,Nolte,
Scheffer, Royon..
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Wave guide
writing

In oxyde glasses
and

 chalcogenide
(SiO2, phosphate,

As2S3…)

Photo
expansion

After
irradiation

 

 Exemple de structuration de matériaux vitreux

Les grandes familles de
verre et l’échelle des
non- linéarités

No
modification

Photochemical
reactions

Chemical bond
breakings – Fusion

Phase
transitions

Micro-
explosions Fluence
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	Plan

1. Caractéristiques de l'inscription directe
laser

2. La  photo-excitation
3. Effets d’accumulation, diffusion, thermo-

élastiques
4. Propriétés non-linéaire second ordre
5. Post Traitement thermique
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   II.2. DLW setup

Translation
stages 

(3D motion)

Microscope
objective

Femtosecond
laser

AOM

Pulse energy,
repetition rate

and/or number of
pulses adjustments

Inline 
viewing

Polarization
controller

Sample

Imaging
lens

CCD
Camera

High repetition rate
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SLM

Dura<on	390fs	@1030nm
NA:				0.2! 1.3
En:			0!400	nJ
Frep	:	0!10	Mhz

THG

SHG

Sample		in	oven
(20@C	! 400°C)

White light or
UV illumination


