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Introduction

how do femtosecond laser pulses alter a solid?
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photons excite valence electrons...
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...causing electronic and structural changes...
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...which we measure with another pulse
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» Method

» Results

» Discussion
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» measurement of g(w) identifies ultrafast phase
changes

» Initial response is electronic, via band structure
and electron occupation changes

» structural effects dominate after a few ps

» Interesting reversible regime



Conclusions

> strong electronic excitation can drive a structural
transition

> femtosecond lasers allow us to see the dynamics
of the transition
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high intensity at focus...
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... causes nonlinear ionization...

100 fs transparent
material

objective



Introduction

and microscopic bulk damage
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Applications:

» data storage

> photonic devices
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Applications:

» data storage
> photonic devices

» internal micromachining
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What are the conditions at focus?

transparent
material

objective

laser deposits energy in ~1 pm?
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What temperature?
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What temperature?

AE = CypV AT
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What temperature?

AE = CypV AT
C, =075 X 10°Jkg ' K!

p=22 X10°kg/m’



Introduction

What temperature?

AE = CypV AT
C, =075 Xx10°Jkg 'K™!

p=22 X 10°kg/m’

So, 1 pJ in 1 pm? gives

~1,000,000 K
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What pressure?
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What pressure?

Treat ionized material as an ideal gas:

pV = nRT
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What pressure?

Treat ionized material as an ideal gas:

pV = nRT
Gives

p = 10 MBar!
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So:
microexplosion
T =] MK
p ~10 MBar

p 2.2 x 10° kg/m’
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So:
microexplosion sun
T ~] MK 2—-15 MK
p ~]10 MBar

P 2.2 x 10° kg/m’ 0.15-150 x 10° kg/m?
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So:
microexplosion sun
T ~] MK 2—-15 MK
p ~10 MBar
0 2.2 x 10° kg/m’ 0.15-150 x 10° kg/m’

creating stellar conditions in lab!
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Damage morphology

40 nJ, 120 fs
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Corning 0211




Damage morphology

side view
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Damage morphology

100 nm . Electron Microscopy:

explosive damage

’ forms voids

3 100 fs, 500 nJ
0.65 NA
fused silica
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Dynamics

time-resolved scattering setup
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Dynamics

time-resolved scattering setup

detector

P — -

objective
probe T sample

signal proportional to area of scatterer
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Dynamics
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Conclusions

» submicron-scale bulk micromachining
» weak bandgap and wavelength dependence

» only a few nanojoules required
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