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Outline of the presentation 

�   Femtosecond laser microstructuring for solar cells 

�   Two-photon polymerisation 

�   Fabrication of microoptical components: Fresnel lenses 
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T.H. Her et al., ”Microstructuring of silicon with femtosecond laser pulses,” APL 73, 1673-1675 (1998).

 

 

 

 
(http://sionyx.com/2011/10/sionyx-solar-achieves-record-results-for-black-silicon-solar-cells-2/) 
 

High repetition rate fs laser pulses to improve processing speed 
Thermal cumulative effects? 
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Laser System: Yb:KGW active medium  
 Pharos Laser (Light Conversion, Lithuania)  
 OSCILLATOR 

Average Power : 2 W 
Pulse width: 80 fs 
Repitition rate: fixed; 60 MHz 
 

AMPLIFIER 
Average Power : 10 W    
Pulse width: 250 femtoseonds 
Wavelength: 1030 nm (fundamental) 
Repitition rate:  variable; up to 1 MhZ  
 
 

Harmonic generator: HIRO (Light Conversion, 
Lithuania)  
(Second, third and fourth) 
 
Sample translation stage: 
Fiberglide - 3 D (Aerotech, USA) stage with a 
resolution of 2 nm. 



L = distance between Si surface and focal plane 













Scalability  of process  



Calculated 
fluence 

0.82 J/cm2 

0.41 J/cm2 

0.59 J/cm2 

0.29 J/cm2 



Repetition 
rate [kHz] 

Pulse 
energy 

[µJ] 

Focal plane 
depth L [µm] 

Beam waist 
w [µm] 

Calculated 
fluence  
[J/cm2] 

Interline  
spacing 

[µm] 

Scanning 
speed  

[mm/s] 

1 100 200 44 1.64 35 0.35 to 1.4 

10 100 200 44 1.64 35 3.5 to 14 

20 100 200 44 1.64 35 7 to 28 

100 50 200 44 0.82 20 30 

200 25 200 44 0.41 15 60 

500 10 105 23 0.59 5 60 

1000 5 105 23 0.29 5 60 









   fs-laser surface texturing of silicon can be performed at different repetion rates 
(1 kHz - 1 MHz) 
 
   Optimal parameters for black silicon formation were determined 

   No thermal effects were observed at high repetition rates 

   Processing time 70x lower was demonstrated with potential for further 5x 
reduction 

   Applications to high-efficiency detectors can be foreseen 
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Fabrication of Fresnel lenses 
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R. Suriano et al., Appl. Surf. Sci. 257, 6243 (2011)
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Edge view


Fresnel lens
2π phase


Fresnel zone plate 

(Two level Fresnel lens)
pmma


air
π phase


R1
 R2
R3


Top view
 Focusing a monochromatic 
incident beam


λ

NA= λ /(2Λ)
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PMMA 


Cavity-dumped Yb laser

  Wavelength 1030 nm

  Pulse energy < 1 μJ

  Repetition rate < 1MHz

  Pulse width: ≅ 350 fs


Fabrication parameters

  Pulse energy: 25 nJ

  Repetition rate 10 kHz

  Focusing objective: 100x (0.95 NA)

  Translation speed: 0.2 mm/s

  600 nm radial step


Surface ablation: high index change; small feature size; easy reproducibility 
by soft lithography
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f = 0.550 mm
 f   = 5 mm
f   = 1 mm


At 633 nm
 32 zones 


0.25 N.A.
 0.17 N.A.
 0.1 N.A.


0.14 N.A.


f   = 2.4  mm


At 570 nm


42 zones 


Contact profiler scan


50 nm rms


Fabrication time ~20 - 30 minutes


R. Martínez Vázquez et al. , Optics Express, 19 (2011).
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Laser focused on surface
 Tailoring of  laser focus position

during fabrication


d =  / (2 (n-1))

Groove depth to obtain π phase shift

n = 1.492, (Vistracryl CQTM non UV)


Similar depth within 200 nm




31


 

Efficiency for lenses fabricated without depth compensation: 10%






Efficiency for lenses fabricated with depth compensation: 30%

(Theoretical efficiency: 40 %)   


Lens focal length @632 
nm
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BLUE &RED LIGHT 
IlLUMINATION


WHITE LIGHT 
ILUMINATION
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PMMA


Optical fiber
O
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Rhodamine 6G solution



Green laser excitation



FZP collection and focusing on a 
detector
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LOD ≈ 50nM
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Cleaning of the filter 




