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Laser light material interaction
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How is rough homogeneus ?
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Thermal Influence

Laser
: Expelled
: . particles

Absorption Heat Melt Vaporisation Melt

Conduction expulsion
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Photolysis — Direct Bond Breaking

H-H ——= H=* + He
bond order=1 hond order=0
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Ablation model
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Ablation Depth
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h — ablation depth
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Physical Model

_ -d
CD(d ) — CI)eXp Yl Lambert-Beer's absorption law
threshold fluence is still reached at Ah depth

. . —aeﬁ-Ah
CDAh o (Dthresh o cI)0
ablation rate vs. fluence dependance

Ah(D) = laeﬁ In® - laeﬁ In®,

r

Effective Absorption Coefficient

T AT NL
Cosp = O T OpNp T ou(N) T

h/pulse

o, = linear absorption coetficient

0 = Dopant cross section |
nao

Limits: no sense at extremely high laser bt
powers, avalanche ionization
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Single Pulse Ablation
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Single pulse ablation

* Influence of pulse
duration

b= [ v@O)dt = Aby -+ A, + My + A
Ah, =Ah(t<t))
Ah, =Ah,(t, <t<t,)

Ah, =Ah(t, <t<7))

Ah, =Ah,(t=7))
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ABLATION VELOCITY v

@h, to be ignored in all cases

fs, ps ablation @h,

Bs, ms ablation Eh,

ns ablation &h, Bh; Eh,
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Pulsed Laser Ablation
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Interaction 193 nm Excimer light with materials

e Optical penetration depth:

 Thermal penetration
depth:

Ly = 2\/D771
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Ia Ith
Al 10 nm | 2.80 um
Mo (<30nm |2.04 um
SiO, (3.3 m 270 nm
PET (30nm |90 nm

o optical absorption coefficient

[em']

D: thermal diffusivity [cm? /s]

T,: pulse duration
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Pulsed Laser Ablation (PLA)

* How much material is taken off per laser

pulse ?
Ah =~ max(/,,[ )

What are the physical steps ?

Optical absorption

Energy dissipation

Decomposition

Material removal
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Ablation rate dependance: Pulse duration

palyimide, F=45 Jficm®

o
o1
= o
=1
E
3
N
o
i
{
c
=
T ® 2
= J
i *s
0,1

1 & 1

pulse length [ps]

Advanced Materials Processing with Intelligent Systems, MT, EPFL

107 10 10 10* 10

10

4

10

ablation rate [pmfpulse]

. paoly methy lmethacrylate, F=4 fiem?®

*.

T .

CH B N A ' R Ny S N R ' R ' R By

pulze length [ps]

S. Shevchik & P. Hoffmann

14



Conclusions

Ablation Process characteristics

ablation depth per pulse : afrﬂnu.w{frf )

threshold value for Laser light fluence ¢, 0}
i . with
q).'f: : y = 05-2 [J/en| the heat penetration depth ff'
OXIaGes
, l,=2 JDT,
O, = 001 -1 [J/em™]
polymers icluding the Taser pulse length T
and the thermal diffusivity [) K/(p (}}}
D,orare = 012 lcm™ /s
D, ides = 001 -1 lem™ /5|
D 0.001 —0.01 [em”/s]

polvmers

the hight penetration depth f” :

.
[, = @
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Is Cold Laser Processing possible ?

High vacuum molecule photon interactions:
Excitation by absorption — thermal relaxation
(104 — 10-% s) useful for isotope separation,
polyatomic molecules, (10-13 — 10-11 s)

Generally in liquids and solids:

Excitation by absorption — thermal relaxation T
Metals & Semicond. (el-el) 10-4-10-13 s ; (el-phon) 10-12-10° s

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

ablation —

etching

1]
%
i

l e
material flow photolysis

@ am=0 : ) am=o0

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 I oper.
ates at constant mass.
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Ceramics Ablation Examples

Fig. 12.1.2a,b. Projection patterning by
(A=1308nm, ¢ =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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Method Based on Interference
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Excimer Laser: Submicrometer structures

PET phase mask ablation
(248 nm, 5 pulse, 15 mdicm2)
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Figure 6. SEM pictures of PET surface treated with the laser at 193 nm (pulse energy, 100 mJ/em®pulse): (a) 1 pulse; the whitd
(b) 10 pulses; (<) 5 pulses; (d) 10 pulses and subsequent washing in acetone for 10 min.
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Schwarzschild objective: Set-up

Mask at Schwarzschild objective Sample at
object plane image plane
Concave mirror
Fluence Convex mirror

Laser —

output :ﬂ _.:g;fcij

* ArF Excimer Laser pulsed at 20ns

* Fluence Laser output : 25-250 mJ/cm?
* Image magnification: 1/25
* Fluence gain: 45 x Fluence at Laser output
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Schwarzschild objective

Magnification 1/25

Low aberrations, achromatic
Numerical aperture : NA=0.4
Central obscuring : 16.7%
Mirror : coating for 193 nm
maximum reflection R__ =0.5

max

Theoretical optical resolution:

A
2-NA
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Schwarzschild objective: central obscuring

20 pm
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Aluminium: Search for image / focal planes

AccV  Spot Magn Det WD Exp | | 500 gm
250 kv 4.0 50x SE 176 1 10A - N2#6_20h_tilt-10deg

« Distance image-focal planes: 300 um, F= 50 mJ/cm?, 5 pulses at 10 Hz
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Aluminium: variation of the number of pulses

I bpot Magn Det WD Exp F———— 5um pot Magn Det WD Exp P
1 pu S€ 0 4800x SE 270 1 I0A 10 pUISeS 0 4800x SE 269 1 10A

Thickness : 20 um, F = 15 mJ/cm?
Mask diameter: D = 215 pum

&=

100 pU|SeS Spot Magn  Det WD E);p

40 4800x SE 270 1
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Molybdenum: through-hole

* Thickness of the molybdenum: 12.5um

Acc.V Spot Magn Det WD Exp F———— 10 gm Acc.V  Spot Magn Det WD Exp
250kV 40 2000x SE 216 1 10A 250 kV 30 12000x SE 222 1 10A -DMB L2

250 mJ/cm?, 40 pulses at 10 Hz 25 mJ/cm?, 2000 pulses at 40 Hz
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Molybdenum: multiple through holes

Entrance

Advanced Materials Processing with Intelligent Systems, MT, EPFL

Spot Magn Det WD Exp ——— 5pm
kv 4.0 4000x SE 18.6 1 10A - N2#6_20h_tilt-10deg

F =25 mJ/cm?
2000 pulses, 40 Hz
Mask diameter D =215 um
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Excimer Ablation conical structures

Vacuum

Air, 8,..=0°, ® =100 mJ/icm? 0. = 45°

Fig. 2844 a-d. SEM photographs of polvimide ablated in air at ¢ = 100m)/em?® Tor different
numbers of pulses N. The laser beam was normally incident on the sample. (e} Same as (d) but
irradiated m vacuom under © = 457 [ Krajnovich and Vazguez 1993]
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Excimer Laser glass marking

Abb. 4:
StatiC EXCimer Ablation ProceSS Vergriérserung einer mlt einem Excimerlaser

L1 1]

pulsed UV - light

-LLLL “ Mask

Abb. 5:
Vergréfierung einer mit einem COp-Laser
markierten Glasoberfliche.
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Ablation quality pulse duration

Material: Copper
Laser: 248 nm, 600 mJ/cm?, 1 pulse

0.5 ps

50 ps

(

l Laser-
4 Laboratorium
Goéttingene.V.
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Ultra short pulse ablation

1 Koch et al. / Spectrochimica Acta Part B 65 (2010) 943-849 945

Koch et al.

Tom Lippert PSI
— shadowgraphy
- scatterometry

Fig. 1. Shadowgraphs acquired during fs-LA of Li;B,0; in ambient air applying a fluence of 10.8 J/em?®. Lower cases a, b, and ¢ mark the positions of BSW, CSW-1, and CSW-2,
respectively. Shockwave radii were systematically measured between their origin and the intersection of BSW and CSW-1.
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