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Photonics GroupsPhotonics Groupspp

research areas

• study of optical nonlinearities in organic materials

• optical storage and surface relief gratings in azopolymers

• coherent control of light matter interaction

• fs-laser microfabricationfs laser microfabrication



70 ps Q-switch/modelocked laser (532/1064 nm)



150 fs Ti:sapphire amplifier



40 fs Ti:sapphire amplifier



20 fs laser oscillator



microfabrication laboratory
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5 mm



Optical circuitp



Outline

• microfabrication

• silica nanowires

• coupling microstructures

50 μm



Microfabrication

Novel concept: 

build a microstructure using fs-laser and nonlinear optical processes



Microfabrication

1 fs = 10-15 s



Microfabrication

Ti:Sapphire lasers 

100 fs 50 fs 20 fs

Very intense light

Laser intensities ~ 100 GW/cm2

1 x 1011W/cm21 x 10 W/cm

Laser pointer: 1 mW/cm2 (1 x10-3 W/ cm2)



Two-photon absorption
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Two-photon absorption

spatial confinement of excitation



Two-photon polymerization

PhotopolymerizationPhotopolymerization

Monomer + Photoinitiator → Polymer

light 



Two-photon polymerization

Monomer + Photoinitiator → Polymer

laser pulse

100 fs

Ph t i iti t i  it d b  t h t  b tiPhotoinitiator is excited by two-photon absorption

Appl. Phys. A, 90, 633–636 (2008) 



Two-photon polymerization

Photoinitiator is excited by two-photon absorption

2
2 IR PA ∝2PA

The polymerization is confined
to the focal volume.

High spatial resolution



Two-photon polymerization setup
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Two-photon polymerization



Two-photon polymerization

polymer

30 µm x 30 µm x 12 µm cube

polymer

30 µm x 30 µm x 12 µm cube

glass



Two-photon polymerization

After the fabrication, the sample is immersed in
ethanol to wash away any unsolidified resin and
th d i dthen dried



Two-photon polymerization

Microstructures fabricated by two-photon polymerization

50 µ m50 µ m

Appl. Phys. A, 90, 633–636 (2008) 



Two-photon polymerization

Microstructures fabricated by two-photon polymerization

20 μm

15 μm

20 μm



Two-photon polymerization

Feature size below the diffraction limit

side view top view

2 μm

10 μm
wavelength: 780 nm
diffraction limited: 1100 nmdiffraction limited: 1100 nm

Tip size of the conical microstructure: 600 nm



Two-photon polymerization

Microstructures containing active compounds

monomer monomer

Optical active dye

A ti P lActive Polymer



Microstructures properties
Microfabrication

• Micro-optical storage devices

• Micro-emitting devices



Micro-optical storage

Incorporating the azodye DR13 into the microstructure
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Optically induced birefringence
Micro-optical storage

Birefringent microstructures 

Optically Induced birefringenceAfter alignment 
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Microstructure with DR13
Micro-optical storage

Birefringent microstructures 
aa

g

Ar+ ion laser irradiation

• 514.5 nm
• one minute
• intensity of 600 mW/cm2

20 μm20 μm

y

J. Appl. Phys., 102, 13109-1-13109-4 (2007) 



Birefringence in the microstructure
Micro-optical storage

The sample was placed under an optical microscope between crossed polarizers and 
it l i d ith t t th l i lits angle was varied with respect to the polarizer angle 



Birefringence in the microstructure
Micro-optical storage

The structure is visible when the angle between the birefringence axis and the 
polarizer is an odd multiple of 45°polarizer is an odd multiple of 45

This birefringence can be completely erased by irradiating the sample with circularly

Δn= 5x10-5

This birefringence can be completely erased by irradiating the sample with circularly 
polarized light.

Applications: micro-optical switch, micro-optical storage

J. Appl. Phys., 102, 13109-1-13109-4 (2007) 



Emission/Conduction
Microstructure containing MEH-PPV

MEHMEH PPVPPVMEHMEH--PPVPPV

• Fluorescence
• Electro Luminescent
• Conductive



Microstructure containing MEH-PPV

Appl. Phys. Lett., 95 1133091-3 (2009) 



Microstructure containing MEH-PPV



Microstructure containing MEH-PPV



Microstructure containing MEH-PPV



Microstructure containing MEH-PPV

(a) Scanning electron microscopy

(b,c) Fluorescence microscopy of the
i t t ith th it timicrostructure with the excitation

OFF (b) and ON (c)

(d) Emission of the microstructure (black
li ) d f fil ith thline) and of a film with the same
composition (red line)

Appl. Phys. Lett., 95 1133091-3 (2009) 



Microstructure containing MEH-PPV

Fluorescent confocal microscopy
images in planes separated by 16
μm in the pyramidal microstructure.



Microstructure containing MEH-PPV

D h idi i th i t t ?Do we have waveguiding in the microstructure ?



Microstructure containing MEH-PPV

D h idi i th i t t ?Do we have waveguiding in the microstructure ?



Microstructure containing MEH-PPV



Microstructure containing MEH-PPV

Appl. Phys. Lett., 95 1133091-3 (2009) 



Microstructure containing MEH-PPV



Microstructure containing MEH-PPV

waveguiding of the microstructure fabricated
on porous silica substrate (n= 1.185)

Applications: micro-laser; fluorescent microstructures; conductive microstructures



Microstructure containing Rhodamine

RhodamineRhodamine 6G6GRhodamineRhodamine 6G6G
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• High luminescenceHigh luminescence
• Used as dye laser gain medium



Microstructure containing Rhodamine



Microstructure containing Rhodamine

Microscopy fluorescence images of cubes and cylinders (top view) 

laser excitation at 480 nm 



Microstructure containing Rhodamine

Two-photon excitation
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Microstructure containing Rhodamine



Microstructure containing Rhodamine

Two-photon excitation
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Outline

• microfabrication

• silica nanowires

• coupling microstructures

50 μm



Silica nanowires

nanowires fabrication processnanowires fabrication process



Silica nanowires



Silica nanowires

1

70 μm

1 μm



Silica nanowires



Silica nanowires



Silica nanowires

coupling light into nanowirescoupling light into nanowires



Silica nanowires

coupling light into nanowires



Silica nanowires

coupling light into nanowires



Silica nanowires

Poynting vector for 800 nm nanowires

Opt. Express 12, 1025-1035 (2004)



Silica nanowires

Poynting vector for 800 nm nanowires



Silica nanowires

Poynting vector for 600 nm nanowires

Opt. Express 12, 1025-1035 (2004)



Silica nanowires

Poynting vector for 600 nm nanowires



Silica nanowires

Poynting vector for 400 nm nanowires



Silica nanowires

Power fraction in the core of the nanowires

Opt. Express 12, 1025-1035 (2004)



Silica nanowires

Manipulating the nanowiresg



Silica nanowires



Silica nanowires



Silica nanowires



Silica nanowires

coupling light into nanowires



Silica nanowires

coupling light into nanowires



Silica nanowires

coupling light into nanowires



Outline

• microfabrication

• silica nanowires

• coupling microstructures

50 μm



Coupling microstructures



Coupling microstructures



Coupling microstructures



Coupling microstructures



Coupling microstructures



Coupling microstructures



Coupling microstructures



Coupling microstructures



Coupling microstructures



Summary

15 μm



Thank you !

www.fotonica.ifsc.usp.br
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www.fotonica.ifsc.usp.br


