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Laser Ablation

What is “Laser Ablation”?
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Is it important?

< Film deposition

* oxide/superconductor films \ I

material

* nanocrystals/nanotubes plume

mass spectrometer

“ Materials characterization
* semiconductor doping profiling
* solid state chemical analysis

# Micro structuring

* direct wave guide writing

* 3D micro fabrication microstructure

—
target transparent solid
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“L.aser ablation ... is still
j largely unexplored at the
# fundamental level.”

J. C. Miller & R. F. Haglund,

Laser Ablation and Desorption
(Academic, New York, 1998)
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Laser Ablation

% What is happening?

laser pulse




Experiments - ultrafast imaging

= Pump-probe technique

ablation
laser beam e

probe beam —_—

delay time

imaging
laser beam
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1fs=10-15s
Femtosecond Time Scale

= Ultrafast imaging - time dependent energy transfer
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Femtosecond Time Scale

= Electron number density n, — time/space dependence
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Femtosecond Time Scale

= Peak electron number density », - time dependence
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Femtosecond Time Scale

% Fundamental processes

v" Nonlinear optics
Self-focusing - intensity dependence of refractive index

laser pulse

__/___ positive refractive index change

v" Nonlinear absorption
Electronic excitation - interband absorption

A —

”m
negative refractive index change

‘41% suppress self-focusing
eevoe ¥
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Femtosecond Time Scale

= Propagation of electronic excitation in glass
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Laser Ablation

% What is happening?

laser pulse
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1ps=10-"12s

Picosecond Time Scale

“ Picosecond imaging

ablation
laser
pulse

’ ¥9
!

target Cu

(laser pulse: 35 ps, fluence: 60 J/cm?)
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~~ Picosecond Time Scale
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Picosecond Time Scale

= Ultrafast interferometry

interference pattern

pump beam

mirror

filter

probe beam

mirror beam
splitter
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Picosecond Time Scale

® Electron number density
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Picosecond Time Scale

= Longitudinal (z) expansion

longitudinal plasma extent vs. time
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v longitudinal expansion is suppressed (t > 50 ps)!
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Picosecond Time Scale

® Lateral (r) expansion

(t > 50 ps: expansion only in lateral direction)

lateral plasma radius vs. time
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v’ lateral expansion follows a power law!

(laser energy: 10 mJ)
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Picosecond Time Scale

- Energy dep0s1t10n to plcosecond plasma
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Picosecond Time Scale

= Theoretical model (laser-solid-gas interaction) $ electron

@ ion (gas)
O atom (gas)

laser
beam

gas (1atm)

oo
O OVO O ieciron/

é N
0300

after laser irradiation

v’ laser heating of target (metal) electron heating - absorption of laser energy
lattice heating - electron-phonon collisions

surface electron emission (seed)

v plasma development above target _ B
impact ionization of gas
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Laser Ablation

% What is happening?
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1ns=10-°s
Nanosecond Time Scale

= Plasma evolution — picosecond to nanosecond
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(35 ps, 2 ns)
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Nanosecond Time Scale

= Plasma development

plasma advancement:

~10°cm/s

~10 um every 1 ns (1000 ps)

-~

# shock wave
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Nanosecond Time Scale

“ Plasma shielding — nanosecond
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3 ns, 1064 nm laser-ablation of Si

(single pulse)

University of California at Berkeley ¢ Lawrence Berkeley National Laboratory.

Experiment
10;—
0.1¢
0 100
laser fluence (J/cnt’)

25 ns, 248 nm laser ablation of Cu
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Laser Ablation

% What is happening?

laser pulse

microsecond




1us=10-%s
Microsecond Time Scale

& Plume evolution

® below threshold

(3 ns, 2.1x10'° W/ecm?)
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Microsecond Time Scale

% Threshold behavior
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Microsecond Time Scale

%= Theoretical model

superheated
liquid layer

* Normal vaporization (Hertz-Knudsen equations)
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ablation below threshold: normal evaporation

* Explosive boiling (heat diffusion - T, _~T))
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Laser Ablation

% What is happening?

microsecond




Laser Ablation

% Fundamental processes

1S §boiling

radiation

ionization (shock wave)
ns 4 vaporization

convection

melting

8 ionization (photon)
P conduction

heated zone

solid fs absorption/excitation
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Laser Ablation

Applications

micro-analysis nano-material




Applications of Ultrafast Laser Ablation

= Ultrafast laser ablation (7,

pulse

< tyormar) — FEL capability!

* Non-thermal ablation regime
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v Reduced dependence on thermal properties
v Reduced larger cluster particles generation
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Applications of Ultrafast Laser Ablation

“ Micro Analysis

The problem of nanosecond laser ablation

1.0 'l —&— ns laser, 266 nm
T—o—fs laser, 266 nm

MS signal: Zn/Cu ratio
o
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Mass Spectrometry - Laser ablation of brass (CuZn alloy)
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Micro-Analysis Application

New magnetic film material
(data storage applications)
' laser
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Applications of Ultrafast Laser Ablation

% Nano Material

The problem of nanosecond laser ablation

Nanowires with large particles
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Nano-Material Application

= Pulsed laser deposition — ZnO nanowire growth

fabrication chamber Setup

ultrafast laser

substrate w—r-- - £AS
temperature control

early growth stage late growth stage
L - - o I = ., e
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Nano-Material Application

== Nanowire nanolaser

UV lasing
excitation |
source —
266 nm (Nd:YAG) (room temperature)

ZnO nanowire:
natural laser cavity
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