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light-matter interactions
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linear response
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“stiffness” determines index of refraction
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nonlinear response
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second harmonic generation
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“extremely” nonlinear response
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100 fs

tightly focus laser beam

field at focus 1011 V/m!



Introduction

objective

100 fs

focus laser beam at surface

(works for all materials)
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100 fs: laser energy transferred to electrons
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1 ms: permanent structural change



laser deposits energy in ~0.1 µm3
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What are the conditions at the focus?
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Electric field at focus is about 1011 V/m
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Electric field at focus is about 1011 V/m

Compare to atomic field of 109 V/m
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Electric field at focus is about 1011 V/m

Compare to atomic field of 109 V/m

Material is a perturbation to the light!
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How do materials behave under these extreme conditions?
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SEM pictures of single-shot structures
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Morphology

What happens when several pulses strike the same spot?
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25 MHz: point source of heat inside material!

Morphology

objective

100 fs

oscillator-only “micromachining”
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Morphology
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Energy deposition

Optical microscopy

Transmission

Dark field scattering

Determine threshold for structural change:
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…bring in pump beam…
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…structural change scatters probe beam
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Energy deposition

laser field ionization

multiphoton…

nonlinear: In



Energy deposition

laser field ionization
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laser field ionization
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ionization

linear: nI
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Dynamics

sapphire

3 µJ pulse

3.8 ns delay

40 µm radius
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35 ns delay

58 µm radius
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Applications

data storage

100 GB multilayer CD
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photonic devices
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He:Ne

waveguide mode analysis
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wavelength selective splitter

Future applications
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wavelength selective splitter

Future applications
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5-nJ threshold: unamplified micromachining
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data storage

photonic devices

photonic bandgap materials
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data storage

photonic devices

photonic bandgap materials

biology/medicine
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subsurface surgery
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100 fs, 20 µJ, single pulse

100 µm
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incision setup



Applications

100 fs, 20 µJ, 3 passes

100 µm



Conclusions

determined mechanism from morphology

role of ionization mechanisms

oscillator-only micromachining

biological applications



Subcellular micromachining



Subcellular micromachining

10 nJ
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