










Les Lasers une course vers les 
très hautes intensités  

Zetta : 1021 

Exa : 1018 

Peta : 1015 

Tera:1012 

Giga : 109 



Strickland & Mourou, Opt. Comm. 56,  219, (1985) 
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Quelques grandeurs caractéristiques  
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Thermalisation électronique  

Relaxation électron - phonon 
Diffusion Thermique 

fusion 

Ablation  

non thermique 

Thermique 

temps (s) 

Zepto : 10-21 

Atto : 10-18 

Femto : 10-15 

Pico : 10-12 

Nano : 10-9 

Sources laser : cw,  impulsionnels (ms, µs), courts (ns),ultra-courts (ps,fs, as)  







ns to fs laser pulse 
duration  

Laser Induced Plasma in Gas : PLD 
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Pulsed Laser Deposition 







Processes in PLD 

 
 

Laser pulse 



Processes in PLD 
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Electronic excitation 



Processes in PLD 
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Energy relaxation to lattice (~1 ps) 

lattice 



Processes in PLD 

 
 

Heat diffusion (over microseconds) 

lattice 



Processes in PLD 

 
 

Melting (tens of ns), Evaporation, Plasma 
Formation (microseconds), Resolidification 

lattice 



Processes in PLD 

 
 lattice 

If laser pulse is long (ns) or 
repetition rate is high, laser may 
continue interactions 











Bone 

Resorbable CaP   

CaP coating 

Ti  

Implant 

Alternative solution: Biomimetic coatings for metallic implants 

Main deficiency of CaPs : brittle in bulk 



HA molecule : Ca10(PO4)6OH2 

Projection in the 
(001) base plan of 
the hydroxyapatite 
unit cell (hexagonal 
structure) 

How difficult is to deposit CaPs? (1) 

- very complex molecules 











 -  OCP coatings: (c) after 7 days, (d) after 21 days  

- In time cells spread and expand with flattened, polyhedral-morphology.  

- Numerous cytoplasmatic extensions.  

hOB response: SEM micrographs 



- Mn-CHA coatings: (e) after 7 days, (f) after 21 days 

- In time cells spread and expand,  with flattened, polyhedral-morphology. 
- Less cytoplasmatic extensions  

hOB response: SEM micrographs 









Deposition chamber Multitarget system 

PULSED LASER DEPOSITION (PLD) 



SEM 

Nitinol, 30 sequences Nitinol, 20 sequences 



Cytotoxicity evaluation on microorganism culture 

(a) E. coli reference cell culture 
 
(b) E. coli cell culture on Ti surface 
 
(c) E. coli cell culture on NiTi surface 
 
(d) S. cerevisiae references cell culture 
  
(e) S. cerevisiae cell culture Ti surface 
 
(f) S. cerevisiae cell culture on NiTi surface 
 
(g) SEM on E. coli cell 
culture on NiTi surface  
 
 (h) SEM on S. cerevisiae cell culture on 
NiTi surface. 

E. coli and S. cerevisiae cell 
cultures on the nitinol thin films. 



 
o Biocompatible  
o Low adherence of microorganism  on NiTi 

surface: NiTi alloy does not stimulate the 
development at genetic level for specific genes 
which are involved in adhesion processes for 
microorganism cells.  

 
o Low release of Ni ions in solutions  
 

 

CONCLUSIONS 





 
MAPLE of polymers blends with Ag 

nanoparticles   



Controlled release of  antibacterial agents 
MAPLE deposition of  PEG:PLGA films with incorporated silver nanoparticles (AgNPs) 
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 Delay of bacterial  growth

Antibacterial efficiency against E. Coli 



Direct writing by femtosecond laser 
pulses  

Ormosil scaffolds for tissue engineering 

50 lines ormosil sample. 
Distance between lines = 
���������¬�P 

30x30 lines ormosil 
sample. Distance between 
�O�L�Q�H�V��� ���������¬�P 

3 layers 30x30 lines ormosil 
sample. Distance between 
�O�L�Q�H�V��� �����������¬�P 



Scaffold functionalization 
Protein deposition on the scaffolds by MAPLE 

- Lysozyme: antibacterial/ antitumor uses 
- Fibrinogen: biocompatible protein 

Fibroblast cells grown on a polymeric grid with 100 µm distance between lines 
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laser  femtoseconde  

Laser  

t =400 ns Spot 35x35 µm², Cu 

Z, mm  

Expériences réalisées par (Grojo et al. LP3,Marseille) 

nanoparticules  

atoms 

0.31 Jcm -2  



Formation de nano agrégats  

AFM  

(Pereira et al. ) 

 

TEM  

(Kabashin et al.) 


















































































