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Laser light material interaction
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Thermal Influence
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Photolysis — Direct Bond Breaking

H-H ——= He* + H»
bond order=1 hond order=0)
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Ablation model

Laser Micro-Processing, EPFL
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Ablation Depth
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Physical Model

—Q, -d .
CD(d) =0 exp et Lambert-Beer's absorption law
—Qfr AN threshold fluence is still reached at Ah depth

(DAh = (Dthresh = (DO
ablation rate vs. fluence dependance

Ah(D) = Iaeﬁ In® — Iaeﬁ In®, .

A
: . , O
Effective Absorption Coefficient N
r T NL 3
Osp = Ot OpNp T o (N) +a 2
L
o, = linear absorption coetficient
0 = Dopant cross section |
no
Limits: no sense at extremely high laser bt

powers, avalanche ionization

Laser Micro-Processing, EPFL

P. Hoffmann

8



Single Pulse Ablation
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Single pulse ablation

NON = STATIONARY
|

e Influence of pulse |

duration

Ah = [ “v(t)dt ~ Ah, + Ah, + Ah, + Ah,

Ahl EAhl(t Stv)
Ah, = Ah, (tv <t< tst)

STAT.

ABLATION VELOCITY v

Ah3 = Ah3 (tst <t z'l) Ah, to be ignored in all cases

fs, ps ablation Ah,
Ah, = Ah,(t > 7))

us, ms ablation Ah,

ns ablation Ah, Ah; Ah,
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Pulsed Laser Ablation

LASER BEAM SUBSTRATE
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Interaction 193 nm Excimer light with materials

e Optical penetration depth:

1

e Thermal penetration
depth:

Ith — 2\/Dﬁfl
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l ltn
Al 10 nm 2.80 pm
Mo (<30nm |2.04 um
SiO, [3.3m 270 nm
PET |30 nm 90 nm

o.. optical absorption coefficient

[cm™]

D: thermal diffusivity [cm? /s]
7). pulse duration

P. Hoffmann

12



Pulsed Laser Ablation (PLA)

e How much material is taken off per laser

Ise ?
T Ahamax(l, )

What are the physical steps ?

Optical absorption

Energy dissipation

Decomposition

Material removal
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Ablation rate dependance: Pulse duration
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Conclusions

Ablation Process characteristics

threshold value for Laser light fluence ¢ o

0, = 05-2 IJXc'm"jI
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with

the heat penetration depth f-f-

ablation depth per pulse: A/ < mm‘(!?\ !H}

icluding the laser pulse length T
and the thermal diffusivity [) K/(p (}})
D,orars = 0.1-2 lem™ /5]
D, iges = 0011 [em™/s]
5
D 0.001 -0.01 [cm™/s]
polymers
the light penetration depth ‘({1 :
]
[, = «
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Is Cold Laser Processing possible ?

High vacuum molecule photon interactions:
Excitation by absorption — thermal relaxation
(1014 — 10% s) useful for isotope separation,
polyatomic molecules, (1013 - 101 )

Generally in liguids and solids:

Excitation by absorption — thermal relaxation T+
Metals & Semicond. (el-el) 10-14-10-13 s ; (el-phon) 1012-10% s

Check thermal effects: The heat equation
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Ablation — complex phenomenon
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Excimer Laser model

0,
: ablaton — \ ;_:
etching —
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FIG. 13. Three models of photoactivated surface corrugation; (I) abla.
tion or etching; (I1) photolysis; (III) is material flow. Processes I and [y
are accompanied with mass decrease, even in vacuum, whereas IIT ope;.
ates at constant mass.
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Ceramics Ablation Examples

Fig. 12.1.2a,b. Projection patterning by
(A=308nm, ¢ =2.7J/cm?, 2w=175u1
YBa, Cu; O, film on (100) SrTiO, sub
[ Heitz et al. 1990]
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Ablation Influences
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