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LLaser Ablation = Laser-induced Morphological Change

Dynamics of Molecular Materials

QX g
Laser Pulse s o o
v ¢ »
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Time Evolution from Electronic Excitation to Morphological Changes
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High Intense Femtosecond Laser System

Art Laser

Ti: Sapphire Laser
(Oscillator)

Nd3*: YAG Laser

Charped-Pulse Amplification
Laser System

Pulse

. IStretchen

Ti: Sapphire Laser
(Regenerative Amplifier)

Pulse ,
Compressor| !

____________________________________________________________________

Shutter

or

Picosecond Laser Pulses (780 nm, 250 ps, 10 Hz)

Nanosecond Laser Pulses (780 nm, 100 ns , 10 Hz)

Femtosecond laser Pulses (780 nm, 150 fs , 10 Hz)




Femtosecond Laser Pulse Wavelength: 780 nm
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Microphotographs (Cu-Phthalocyanine Deposited Film)

Femtosecond Laser
Ablation
FWHM: 150 fs

63 mJ/cm? 156 mJ/cm? 253 mJ/cm?

Picosecond Laser
Ablation
FWHM: 250 ps

70 mJ/cm? 134 mJ/cm?2 204 mJ/cm?

Nanosecond Laser
Ablation
FWHM: 100 ns

84 mJ/cm? 143 mJ/cm? 214 mJ/cm?



Etching Profiles (Cu

Femtosecond Laser
Ablation
FWHM: 150 fs

Picosecond Laser
Ablation
FWHM: 250 ps

Nanosecond Laser
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FWHM: 100 ns
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Etch Depth vs. Fluence

(Cu-Phthalocyanine Deposited Film)

Discrete Etching
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Principle of Femtosecond Absorption Spectroscopy

Polychromator

Probe Light

(Femtosecond White Light Continuum)
Delay Time




Transient Absorption Spectra
of Cu-Phthalocyanine Deposited Film

0 ps
% 0.2 ps| Transient Absorption of
- Electronically Excited States
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< 6 ns

400 500 600 700 800
Wavelength [nm]



Interpretation of Transient Absorption Spectra

Transient Absorption Spectrum at 0.2 ps | Opserved Absorption
after IEC)xz(:ltatlon .Of CuPlc Depqsﬂed Film | spectrum: (b) - (a) Excited States
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S -02rU.ep Ground States
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(b) Electronic Transition
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‘Femtosecond [0 Nanosecond Transient Absorption Spectra

Electronically Excited States

0 — Absorption band due to vibrationally
N 1Y P°  excited states of electronically ground states
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o, 2ps g
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A Absorbance

Decay Profiles of Electronically Excited States
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Pellet (b-type Microcrystal) //.L,M/;‘jj‘l 5 A
Fluence 1/N(0)G, N(0) G N7
[mJ/cm?] [pst] O [mol/L] [x 10-16 cr335'1/2] é § Z !
45 35 18 1.7 2N
1.3 14 0.5 2.3 / \ /
Ultrathin Film 126A
Fluence 1/N(0)G, N(0) G, | — —
[mJ/cm?] [ps¥2]  [mol/L] [x 10716 cm3s12] 109 A 3.4 A
y
2.2 2.5 2.3 2.9
0.9 3.0 1.0 2.1 KCI substrate f
Vapor Deposited Film (a-type Microcrystal)  230A 6350
Fluence UNQ)G, N(O) G 2 X 2 i8A
[mJ/cm?] [pst2] O[moI/L] [x 1016 cmsos-m] | é § éT
— ZXZ
108 024 2.8 25 —=Ablation] | Z [ Z
9.2 3.9 1.4 2.7 Xz




0.15 at 520 nm -
0]
_‘g‘ 0.10F i
3
< 0.05F _
<
®
0.00?——;——1--_'____'___"
O 20 40 60 80 100
Time [ps]
dN -1/2pn1 2
=~ = —k,N —T,;t2N
dt
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Photothermal Conversion Processes

Femtosecond Laser Excitation
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‘ Surface Light Scattering Imaging Setup

Femtosecond White Scattering Image Before Excitation
Light Continuum Signal(Tg)
Excitation Laser Pulse  Sample 4
R
Filter i
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Scattering Image at t s after Excitation
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Nanosecond Surface Light Scattering Images

Excited Area

-100 ps
6 ns
1 mm

Fluence: 62 mJ/cm?



Time Evolution of Surface Roughness

oo Upon laser ablation
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Photothermal Conversion Processes and Morphological Changes

Femtosecond Laser Excitation

Increase in Intermolecular
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‘ Femtosecond Laser Ablation Mechanism
Femtosecond Laser

10 ps after Excitation
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(1) Laser Excitation (2) Generation of (3) Relaxation and
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Nanosecond Laser Ablation Mechanism
Nanosecond Laser

(1) Laser Excitation (2) Generation of (3) Relaxation and
Excited States Temperature Elevation
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Summary of time-resolved experiments

Pulse duration effects on etching behavior of CuPc amorphous films
were successfully demonstrated by tuning laser pulse of Ti: sapphire
laser (780 nm) to 150 fs, 250 ps, or 100 ns.
Discrete Etching Behavior ( The Femtosecond and Picosecond Laser Ablation)
 The temperature elevation without the volume change will result in ultrafast

stress Increase.

 The etching behavior can be interpreted in an ablation model that the stress
brings about mechanical disruption.

Gradual Etching Behavior ( The Nanosecond Laser Ablation)
 The stress increase will be negligible, when the temperature elevates with

the volume change.

 The etching behavior can be interpreted in an ablation model due to
explosive sublimation with the condition that the intermolecular vibrational
energy exceeds cohesion energy between the molecules.




Femtosecond Laser Ablation
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Y. Hosokawa et al. J. Photochem. Photobio. A 142, 197, 2001.



l Pulse duration dependence reproduced by computer simulation
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|Pu|se width effect on firework ablation

Femtosecond laser Nanosecond laser

Ablation without sparkling Ablation with sparkling
Mechanical disruption Explosive sublimation

due to stress confinement due to thermal confinement
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Laser energy

Peak intensity
(Dt=120 fs)

Fluence
(Spot~1 mm)

BRSNS 6rss] 2 3 450789

Shockwave generation due to ultrafast

heat

Y. Hosokawa et al. Proc. SPIE, 4274, 78 (2001)

| Laser power dependent phenomena

0.01 mJ/pulse

0.1 MW

1 J/cm?

Shockwave

generation

0.1 mJ/pulse 1 mJ/pulse
1 MW 10 MW
10 J/cm? 100 J/ecm?

Emission C ——
Cavitation bubble | | ——

Plasma generation due tQlaser
induced bre
A. Vogel et. al. J. Appl. Phys., 83, 98).

Y. Hosokawa etal. L —#"—#f%E, 29, 710 (2001). R. Birngruber et. al. Appl. Phys. B, 53, 237 (1991).
L. V. Zhigilei. et al. J. J. phys. Chem. B., 102, 2853 (1998).
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Model Experiment Showing the Force due to Laser-Induced Shockwave

8]
5
=
S
D - - -
S Dichroic mirror
Polarizer Mechanical shutter (Gate time: 50 ms)
N ] I Femtosecond Ti: Sapphire laser
Microscope |_\l |_| I (150 fs, 800 nm, 20 Hz, 10 mW)
2/1 plate
Nn_ [
v U

L J‘/ Objective (100x NA 1.25)
Sample solution

- \\1 (0.32 mJ/pulse, 1 Hz, 150 fs)
an

fs laser 1.9 sec.

2 Sec. N Laser irradiation

2.9 sec. ﬁ

3 sec. Laser irradiation
Polystyrene particles (1 mm) in water under Brownian motion




Theoretical calculation of motions of microparticles

fs laser

The effective force for particle:
2

r
f=F ——oft
icroparticle ° 47zR§ ®

The equation of particle motion:

R m ﬂ =—67znr dr + f
. dt’ dt
The total shift of particle:
\\\\\Viscosity of water : A L=R(t=c0)-R,
\ \ | y -
« The force of sl;;)‘c—:_k\}\_/é_\}é’,, F,, propagates uniformly 30

in all directions. 251

- The shockwave is generated impulsively. e 2O
- Radius of the particle: r E:
<< Distance between particle and focal spot: R, 50

-+ The motion of particle is stopped by viscous drag.



Estimation of the Force induced by the Shockwave

shockwave ~ 100 nN

_ | | | |
2200 *  F,=16mN -
> 150r ]
2 o

@ 1001 T
‘g 501 .0. |
EJ__ 0k . 9000000000000

0 5 10 15 20

h: Distance between cell and laser focal point[mm)]

Force by femtosecond-induced |——»

Over 1000 times bigger than the force
of the laser trapping

Laser trapping:
Force for mm particle ~ 10 pN
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| Nondestructive Separation of Single Animal Cells

Femtosecond
Laser irradiation

10 mm

Femtosecond laser

Collagen substrate



Sample

- . Side view

| ha—

Cover glass (0.15mm)  Silicon rubber (0.2mm)

b £

\

— \\

20mm . Q

A mouse body cell, NIH3T3

A

Top view
Cells are cultivated on a collagen _ T
i : A collagen disk cultivating cells
coated substrate in CO, incubator Slide glass (0.9mm)
with the temperature of 36.5
degree.
The cells live only when they are _ _
attached on the substrate. We observed their growing process
*The cells stretch their legs and after affecting the shockwave.

connects with another cells.



How to separate single cells from substrate

Laser

Laser Shockwave

Cut their legs by irradiating  Separate the cell from substrate
the laser directly by the laser induced shockwave

Laser Shockwave Laser

Cell ' S

Substrate




Growing process of the separated cell

Laser intensity
when their legs are cut: 0.26mJ/pulse
when they are separated by the shockwave: 0.51mJ/pulse



Micropattering of Cells by Femtosecond Laser Ablation of Water

Intense Femtosecond Pulse Multiphoton Absorption

[ Femtosecond Ablation of Water J

Shockwave

o Generation
Cavitation Bubble of Local Eorce

Liquid Flow
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/ O \ / 1. Removal of cells from the substrate
Adhesion | $

_ _ OOV 00 by the local force
of Biomaterials Q ')

1
\ 1

i\ 2. Spontaneous fall by gravity

I~

\

| \ |
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Target Substrate
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A B MPC polymer surface

Live cell culture chamber
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