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laser microfabrication

focus laser beam on material’s surface
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laser microfabrication




laser microfabrication




laser microfabrication




fs-micromachining

photon energy < bandgap

nonlinear interaction



fs-micromachining

nonlinear interaction

gap 4

multiphoton absorption



short pulse duration — high intensity

(even at low energy)
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how short is a femtosecond pulse ?

1fs=10"s
Pentium clock cycle One month
Camera flash
10 fs light l}ulsel l 1 minute l Age of universe
v v \/
— I | I I I I I
-14 9 = 1 6 11 16

10 10 10 10 10 10 10

Time (seconds)



introduction

how short is a femtosecond pulse ?
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Ti:Sapphire lasers

100 fs 50 fs 20 fs

Very intense light

Laser intensities ~ 100 GW/cm?
1 x 10""W/cm?

Laser pointer: 1 mW/cm? (1 x10-3 W/ cm?)
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Ti:Sapphire lasers

100 fs 50 fs 20 fs

Very intense light



Semiclassical treatment

electron on a spring

harmonic oscillator m Mg
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Linear optical processes
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radiation interatomic

Induced polarization
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Nonlinear optical processes

high light intensity
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How high should be the light intensity ?



Nonlinear Optics
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Nonlinear Optics

Inter-atomic electric field
pulsed laser
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Nonlinear Optics

high light intensity

anharmonic oscillator

nonlinear polarization response
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Two-photon absorption
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Two-photon absorption

Nonlinear interaction provides spatial confinement of the excitation

fs-microfabrication

inear nonlinear
absorption absorption
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Two-photon absorption

spatial confinement of excitation



fs-laser microfabrication

focus laser beam inside material
130 fs
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femtosecond pulses

Ti:Sapphire lasers ‘ ‘ ‘ 1fs =10"%s
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femtosecond pulses

amplified laser oscillator
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fs-micromachining: focusing

NA=0.12 NA =0.34 NA = 0.87

M:70 “:200 H:GOO



what is the difference ?




very different confocal lenght/interaction length

high NA low NA
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two main techniques

« fs-laser micromachining

 microfabrication via two-photon polymerization



Surface

fs-laser micromaching
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fs-pulses for micromachining
polymers

Oscillator: 80 MHz, 5 nJ

12ns
100 fs

HHHHH
—_—

heat diffusion time: tg ~ 1 us

cumulative



Micromachining the conductive polymer MEH-PPV

atomic force microscopy




Micromachining the conductive polymer MEH-PPV
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Waveguides in azo-polymers
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Waveguides in azo-polymers

30 m

(a) Optical microscope image of the
waveguides micromachined (PMMA/DR1)

(b) Cross-sectional view of the waveguides




waveguides in azo-polymers

CCD
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(c) Output image of the mode profile of 632.8-nm light coupled through the waveguide



microstructuring polymer: super hydrophobic surface
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laser microfabrication: super hydrophobic surface

examples of fabricated surfaces
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Two-photon polymerization

Photopolymerization

Monomer + Photoinitiator — Polymer

L

light




Two-photon polymerization

Monomer + Photoinitiator — Polymer

w

light

Photoinitiator is excited by two-photon absorption
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I The polymerization is confined
to the focal volume.

High spatial resolution



Two-photon polymerization
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Two-photon polymerization setup

l

Laser

Beam
Expansion

CCD
glass (150 micron)

v

spacer 4 resin

Yo
‘\ ! Scanning
Mirror
' U
‘ X

ObjeCtive l 'glass (150 micron)

24 o — -

Hlumination =—— Il

Ti:sapphire laser oscillator

*« 130 fs

*« 800 nm
76 MHz
« 20 MW

Obijective

40 X
0.65 NA



Resin preparation

Monomers
Monomer A Monomer B
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reduces the shrinkage upon polymerization gives hardness to the polymeric structure
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Appl. Phys. A, 90, 633-636 (2008)



Two-photon polymerization
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Two-photon polymerization

= After the fabrication, the sample is immersed in
e = ethanol to wash away any unsolidified resin and
then dried




two-photon polymerization

photonic crystal — J W. Perry




Two-photon polymerization

Microstructures fabricated by two-photon polymerization




Microstructures containing active compounds

Optical active dye
Active Polymer



applications

® micromechanics
® waveguides

® microfluidics

® biology

® optical devices



Other studies

® microstructures for optical storage — birefringence

aq p’
* - — dye
" &
" - 20 pm @\@ Light @ Relax §
A Ne) <O @
) i
E ~ &
trans cis trans E

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



Other studies

® microstructures for optical storage — birefringence

Art 1on laser irradiation

*514.5 nm
e one minute
* intensity of 600 m\W/cm?




Other studies

® microstructures for optical storage — birefringence

The sample was placed under an optical microscope between crossed polarizers and
its angle was varied with respect to the polarizer angle
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Other studies

® microstructures for optical storage — birefringence
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Microstructures containing MEH-PPV
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Microstructure containing MEH-PPV

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



Microstructure containing MEH-PPV
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Microstructure containing MEH-PPV
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Microstructure containing MEH-PPV
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Microstructure containing MEH-PPV

(a) Scanning electron microscopy
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Microstructure containing MEH-PPV

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




Microstructure containing MEH-PPV

Do we have waveguiding in the microstructure ?



Microstructure containing MEH-PPV

Do we have waveguiding in the microstructure ?
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Microstructure containing MEH-PPV
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Microstructure containing MEH-PPV
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waveguiding of the microstructure fabricated
on porous silica substrate (n=1.185)
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Applications: micro-laser; fluorescent microstructures; conductive microstructures



® 3D cell migration studies in micro-scaffolds SEM of the scaffolds

110 pm pore size

52 um pore size

T i.ll s - 1}
(d)
e IEEE Top view

110, 52, 25, 12 pm
pore size

Side view

25, 52 pm
pore size




® 3D cell migration studies in micro-scaffolds

Advanced Materials, 20, 4494-4498 (2008)



Optical circuit
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Optical circuit




Silica nanowires

nanowires fabrication process

nanofiber
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Silica nanowires
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Silica nanowires




Silica nanowires

coupling light into nanowires

fiber

taper . .
Iager P silica nanowire
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Silica nanowires

coupling light into nanowires




Outline




Coupling microstructures
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Coupling microstructures

\

fiber taper

@L

p—

microstructure



Coupling microstructures



Coupling microstructures



Coupling microstructures
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Coupling microstructures
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