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UV- Excimer Laser Ablation

•  Model
•  Influences 
•  Examples
•  Applications

D. Bäuerle; Laser Processing and Chemistry,
3rd Edititon, Springer Berlin, 2000

D. Bäuerle: Laser Processing and Chemistry, 
4th Edition, Springer Verlag, Berlin, Heidelberg 2011



Advanced Materials Processing with Intelligent Systems, MT, EPFL 3S. Shevchik & P. Hoffmann

Laser light material interaction

• Flat homogeneous

How is rough homogeneus ?

flat composit

micro- macro-
structured



Advanced Materials Processing with Intelligent Systems, MT, EPFL 4S. Shevchik & P. Hoffmann

Thermal Influence 
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Photolysis – Direct Bond Breaking
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Ablation model
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Ablation Depth
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Physical Model

exp( ) eff dd α− ⋅Φ = Φ

0
eff h

h thresh
α− ⋅∆

∆Φ = Φ = Φ

.( ) ln ln
eff eff threshh l lα α∆ Φ = Φ − Φ

Lambert-Beer‘s absorption law

threshold fluence is still reached at Δh depth

ablation rate vs. fluence dependance
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Single Pulse Ablation
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Single pulse ablation

• Influence of pulse 
duration

1 2 3 40
( )h v t h h h hdt

∞
∆ = ∆ + ∆ + ∆ + ∆≈∫

0        tst
0   tv    tst                                

τl
1 1( )vh h t t∆ ≡ ∆ ≤

2 2 ( )v sth h t t t∆ ≡ ∆ ≤ ≤

3 3 ( )st lh h t t τ∆ ≡ ∆ ≤ ≤

4 4 ( )lh h t τ∆ ≡ ∆ ≥
fs, ps ablation h4

h1 to be ignored in all cases

s, ms ablation h3

ns ablation h2, h3, h4 
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Pulsed Laser Ablation
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Interaction 193 nm Excimer light with materials

• Optical penetration depth:

• Thermal penetration
depth:

α: optical absorption coefficient 
[cm-1] 
D: thermal diffusivity [cm2 /s]
τl: pulse duration

1lα α
=

2th ll Dτ=

lα lth

Al 10 nm 2.80 µm 

Mo < 30 nm 2.04 µm

SiO2 3.3 m 270 nm

PET 30 nm 90 nm
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Pulsed Laser Ablation (PLA)

• How much material is taken off per laser 
pulse ?

max( , )thh l lα∆ ≈

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
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Is Cold Laser Processing possible ?

High vacuum molecule photon interactions:
Excitation by absorption – thermal relaxation                       
(10-14 – 10-6 s) useful for isotope separation, 
polyatomic molecules, (10-13 – 10-11 s) 

Generally in liquids and solids:
Excitation by absorption – thermal relaxation τT
Metals & Semicond. (el-el) 10-14-10-13 s ; (el-phon) 10-12-10-6 s

Check thermal effects: The heat equation
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Ablation – complex phenomenon
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Excimer Laser model
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Ceramics Ablation Examples
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Ablation Influences
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Method Based on Interference
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Excimer Laser: Submicrometer structures
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Schwarzschild objective: Set-up

• ArF Excimer Laser pulsed at 20ns
• Fluence Laser output : 25-250 mJ/cm2

• 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 Rmax = 0.5

Theoretical optical resolution:

241
2

r nm
NA
λ

= =
⋅
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Schwarzschild objective: central obscuring
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Aluminium: Search for image / focal planes

• Distance image-focal planes: 300 µm, F= 50 mJ/cm2, 5 pulses at 10 Hz
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Aluminium: variation of the number of pulses

• Thickness : 20 µm, F = 15 mJ/cm2

• Mask diameter: D = 215 µm 

1 pulse 10 pulses

100 pulses



Advanced Materials Processing with Intelligent Systems, MT, EPFL 30S. Shevchik & P. Hoffmann

Molybdenum: through-hole

• Thickness of the molybdenum: 12.5µm

250 mJ/cm2, 40 pulses at 10 Hz 25 mJ/cm2, 2000 pulses at 40 Hz
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Molybdenum: multiple through holes

F = 25 mJ/cm2

2000 pulses, 40 Hz
Mask diameter D = 215 µm

Entrance Exit
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Excimer Ablation conical structures
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Excimer Laser glass marking
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Ablation quality pulse duration
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Ultra short pulse ablation

Koch et al. 
Tom Lippert PSI 
– shadowgraphy
- scatterometry
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