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Laser processing of glass and ceramics
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2. Experimental Approach

1. USP laser ablation
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1. USP laser ablation

A=10,6 pm A =1064 nm A=1064 nm, 7, < 10 ps

* Thermally affected process * Redeposited material, cracks * Non-linear absorption
* Melting of material * OR: material transparent * Thermal conduction negligible
* Precise material removal
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1. USP laser ablation

Multitude of process parameters ...

* Roughness e Strategy
* Properties * Atmosphere

- . ... results in various

*  Wavelength ..
. Pulse duration surface qualities

* Pulse energy
* Repetition rate

USP

ablation
* Marking speed

* Linedistance
e Pulse overlap
*  Number of layers

Beam profile
Focus diameter
* Divergence

m Maria Friedrich
Jena 7. Juni 2017



2. Experimental Approach

Multi-dimensional parameter space cdynardo

optiSLang’

- Sensitivity analysis, meta model, optimization
- ldentification of main parameters and non-linear effects
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DoE Experiments Analysis
* Latin Hypercube * USP ablation of * Sensitivity analysis
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2. Experimental Approach

Input Parameters

Output Parameters

actuating variables controlled variables
S 0.3..20 E'ﬁ%‘;ﬁ]: 0.1..32 'ég'fﬁmfss 0.42..3.8
X"[?]‘ﬁi?"gth 355; 532; 1064 a":‘{ilem"}iftance 1..15 Q?Irﬁﬂ\%?nﬁf 0..7.8
\S/;:?rrmri:}g]?peed 200 ... 3000 (")':'[E,jf]’:"ta' overlap 33 g9 tAmf‘nti“ depth 54 543
gi“[ﬁgi]s:tance 1..15 ‘éer[ikc]a' overlap 33 g9 ﬁg[afiﬁ‘]{'aye’ 0.018 .. 315
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2. Experimental Approach Experimental Setup

Machinery: ,,microSTRUCT vario” (3D Micromac) Investigation of surface ablation:
Laser: ,HYPER RAPID 25 (Lumera Laser)
,Pharos” (Light Conversion)

i Alignment B Scanner

Laser Scanning Microscope:

e X-Y-Positioning system (Keyence, VK-X100)

Depth: Roughness:

\} - |
[N oy
e sIOM .
SRS T

* Wavelength: 1064 nm, 532 nm, 355 nm
* Pulse duration: 230 fs—10 ps

* Repetition rate: <1 MHz

* Max. power: 25'W
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3. Sensitivity Analysis

Best achieved CoP-Matrix:

-

e Manual filtering to avoid
input correlations

* Main parameters:
P,a,a,+d- 2> F, 0, O,

Models

* A has no significance

 Number of layers N only
important for depth t
—> process continues
homogeneously into depth

Parameter
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3. Sensitivity Analysis

Roughness increases with fluence
Optimal pulse distance depends on fluence
With increasing fluence, minimum shifts to smaller values
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3. Sensitivity Analysis

* Ablation rate increases with power ~
* Line distance and pulse distance interact
—> High values: high speed - '
- Small values: high material removal | R
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4. Current Activities

Problems with first attempt:
* Asymmetrical distribution of data points due to machine settings

INPUT : F vs. INPUT : N, (linear) r =0.104

INPUT : F vs. INPUT : N, (linear) r =0.001
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* New DoE based on controlled parameters

Improvement of DoE

DoE based on actuating variables, but controlled parameters more significant

Coefficients of Prognosis (using MOP)

full model: CoP = 98 %

INPUT : Wavelength A
3 %

4

INPUT : Fluence F
20 %

INPUT : Ver, Overlap O,
21 %

INPUT parameter
3

2

INPUT : Hor, Overlap O,
33 %

INPUT : Number of layers N_
42 %

0 20 40 60

CoP (t)=84.8% CoP (t) =98 % 100
CoP [%] of OUTPUT: Ablation depth t
' w Maria Friedrich
Jena 7. Juni 2017 1



4. Current Activities

Examination of various ceramic materials:

* Principle behavior stays the same
—> ablation depth increases non-
linearly with pulse overlap

* Exact values differ strongly

Al,O, values calculated with <
Excel Add-In Mo

solver

_|optiSLang MOP solver version 6.0.1

_|Meta model database was imported from:

| D:\Ablage\0_Untersuchungen\0_Versuchsplan\0_Auswertung\OptiSlang_Auswertung\!Mittelwerte_Optis
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Ssummary
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optiSLang can be used to create physically meaningful
=3 metamodels based on experimental data
. @« Avoidance of input correlations necessary
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S~ e USP laser processing of ceramics can be optimized with regard to
‘.f‘” quality (surface roughness) and quantity (ablation rate)
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OUTLOOK
e Extension of investigations to further materials
* Optimization of industrial applications:
3D structuring + functionalization
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