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Micro Usinage par laser Excimer et laser 
Ultra Rapide pour les domaines du 
semiconducteur électronique optronique

• Excimer & lasers Ultra Rapides
• Centre d’usinage laser standard
• Solutions spécifiques

S bl t é i

semiconducteur, électronique, optronique, 
médical et marquage de sécurité :-

• Sous ensembles opto-mécaniques 
• Expertise Process
• SAV
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Quelques exemples de systèmes
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Notre  expertise dans le domaine du traitement 
Athermique par laser :

Nous intégrons des sources lasers avec des
durées d’impulsions comprises entres fs-ns, des
longueurs d’ondes situées dans le spectre UV-IR,
en combinaison a ec des techniq es de projectionen combinaison avec des techniques de projection
ou d’usinage au point focal.
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Notre  expertise dans le domaine du traitement Athermique 
par laser :
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Objectifs

• Passer en revue les différents  paramètres 
Laser, les techniques et procédés 
d’usinage  ainsi que leur interaction au 
regard des besoins du marché et des 

li ti t ll t à iapplications actuelles et à venir.
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Un peu d’histoire…
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Le laser ce n’est pas…
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Mais c’est aussi…
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Le laser c’est…
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Le laser c’est…
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Le laser c’est…
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Le laser c’est…
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Le laser c’est…
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Le laser c’est…
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Le laser c’est…
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Mais le Laser c’est aussi…
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Et aussi…
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Et Malheureusement aussi…
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Une grande variété de lasers…
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Le laser, quelques données commerciales…
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Le laser, quelques données commerciales…
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Le laser est un composant dans la chaîne …
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Why use lasers at all?
• Conventional • LaserConventional

– EDM
– Mechanical
– Chemical milling
– Water jet

I illi

Laser

– Non Contact
– No Chemicals
– Selectivity
– Processing Speed

– Ion milling
– EB
– Plasma
– Punching
– Others…

– High Resolution
– Flexibility
– Compactness
– Cost effectiveness

ULB/BEAMS01/12/2011 27

Laser Materials Processing
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Li htLight
Amplification by
Stimulated
E i i fEmission of
Radiations
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Lamp / Laser
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Lamp / Laser
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• A LASER is a device which

What is a LASER ?
A LASER is a device which 
generates or amplifies light.

• Properties of laser beams:
– Monochromatic
– Directional– Directional
– Coherent
– Intense

ULB/BEAMS01/12/2011 32
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1.   Laser Medium

2.   Front Mirror

3.   Rear Mirror

3

1

2

5

4

4.   Pumping Process

5.   Stimulated Emission

6.   Laser Beam

6
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1. Laser Medium

SOLID : ROD, DISK

GAS

SEMI CONDUCTOR

FIBER

3

4
1

2
5

6
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4. Pumping Process

3

1
4

Electrical Discharge

Flash Lamp

Diode Laser

2
5

6
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Laser Parameters
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Laser Parameters
CO2Fiber laser
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Laser Parameters
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Laser Parameters
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Laser Parameters

Pulse length (*):• Pulse length (*):
– Millisecond (ms)
– Microsecond (µs)
– Nanosecond (ns)
– Picosecond (ps)

Femtosecond (fs)– Femtosecond (fs)

(*): time scale considered for 
µmachining
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Paramètres Laser
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Laser Processes versus Laser Parameters
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Laser Parameters

Peak Power

ULB/BEAMS01/12/2011 43

Laser Parameters
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Laser Parameters
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LASERS…
LASER MEDIUM W l th ( ) P l idth PRFLASER MEDIUM Wavelength (nm) Pulse width PRF

DPSS Solid 213 - 1064 ns - µs 1 Hz – 200 kHz

CVL Gas 255, 511 ns kHz

Excimer Gas 157 - 351 ns 1 Hz – 1 kHz

Ultrafast Solid 390 – 1048 fs – ps 1Hz  – 10 MHz

Fiber Fiber 1057 ps – ns 1Hz  – 100 kHz

CO2 Gas 9000 - 11000 ns - µs 1 Hz – 100 kHz

ULB/BEAMS01/12/2011 46
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Laser Parameters
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Laser Parameters

Gaussian

DonutMultimode
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Laser Parameters

Tailored PulsesTrains

A new Process?

ULB/BEAMS01/12/2011 49

Special laser solutions for super alloy hole drilling
R&D: Drilling with pulse shaping technique

Pulse length: 2.8ms thickness: 6mm
Peak power:  8.5 kW Fiber core diameter: 0.4mm
20 pulses (5Hz, 12.9J) Material: 1.4301

ULB/BEAMS01/12/2011 50
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Twin Pulse trains

900 µm SS

900 µm SS

ULB/BEAMS01/12/2011 51

Laser Parameters / Processing Parameters

• Power (W)
W l th ( )

• Process Throughput
A R T & R l ti• Wavelength (nm)

• Pulse Width ( sec)
• Peak Power (W) 
• Stability (%)
• Efficiency (%)

• A,R,T & Resolution
• Interaction Time
• Damage
• Process Latitude
• Costy ( )

• Reliability • Cost

ULB/BEAMS01/12/2011 52
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Laser Parameters / Processing Parameters

The Balance

BUT WHAT ABOUT COST?
ULB/BEAMS01/12/2011 53

Material Optical Properties

• A + R + T = 100 %A  R  T  100 %

– A : Absorption
– R : Reflectivity
– T : Transmission

– Depends on Temperature

ULB/BEAMS01/12/2011 54
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Material Optical Properties…
A
bs
or
pt
io
n 

Metal 1

Metal 2

Isolator

Metal 1: Au, Ag, Cu...,          Metal 2: Fe, Ni, Cr..., 
Isolator: glass, Polymer

Wavelength

ULB/BEAMS01/12/2011 55
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Electronic Vibration

Absorption

Absorption versus laser wavelength

UV IR
400 nm 800 nm

Excimer
A F 193

Nd:YAGNd:YAG/SHG CO2

Absorption
Pigments 
couleurTiO2

Pigments 
Laser

Mainly Thermal interactionMainly Photochemical interaction

ArF: 193 nm
KrF: 248 nm
XeCl: 308 nm

1064 nm532 nm

Nd:YAG/THG
355 nm

9.4 µm
10.6 µm

Lasers Diode 
800 - 1100 nm

ULB/BEAMS01/12/2011 57

TiO2

Absorption versus laser wavelength

UV IRA
bs
or
pt
io
n Colored Pigments

Laser Pigments

Material : Polyimide (Kapton TM)

ULB/BEAMS01/12/2011 58



01/12/2011

30

ULB/BEAMS01/12/2011 59

Non Linear Absorption 

ULB/BEAMS

Ablation de Polyimide avec un laser ultra court; L.O. : 1064 nm
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Non Linear Absorption: Multiphoton effect 
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Materials Properties

• Metals
• Ceramics
• Polymers
• Glass

C it• Composites

POLYMER LASER 
INTERACTION

01/12/2011 64ULB/BEAMS
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Polymer laser interaction

E (ev) =hν or E (ev) = hc/λ

UV + Short pulse = Precision micromachining:-

CHARACTERISTICS

• UV radiation (248nm or 
193nm) strongly absorbed in 
nearly all materials

• Short (4-6ns) pulse duration

RESULT 
High energy density absorbed in surface 
layers - efficient vaporisation with sub-µm

Ablation
0.1-1.0µm/shot

layers, - efficient vaporisation with sub-µm 
depth precision
Precision machining with minimum kerf and 
absence of thermal effects

01/12/2011 ULB/BEAMS 66



01/12/2011

34

Polymer laser interaction
Laser

Mask

Polymer
Etching of polymers by non thermal
cracking of bounds due to valence
transitions induced by UV photonstransitions induced by UV photons

I (x) = I (1-R)e-αxI (x) = I0(1-R)e α

Ablation follows Beer Lambert’s Law
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EXCIMER

Photoablative decomposition in polymers:-

Nd-YAG (1.06 μm) CO2 (10.6 μm) Excimer (0.248 μm)

Unlike Nd-YAG or CO2 lasers, excimer laser ablation of most 
polymers occurs by photo-ablative decomposition, with little excess 
heat and removal rates typically 0.3µm/shotyp y µ

200µm
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COMBINED MATERIALS 
LASER INTERACTION

ULB/BEAMS01/12/2011 71

Absorption versus wavelength

Cu

P I
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Laser Blind Vias Drilling

ULB/BEAMS01/12/2011 73

Ablation threshold…

CoreCore

CladdingCladding

Fluence

Ablation
Rate

Polymer

Silica

CC
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Selective machining, polymers from metals:-

SAW filters

Fluence

Ablation
Rate

Polymer

Metal

Flex contacts

Humidity Sensor Wire Strip Implant Stent

ULB/BEAMS01/12/2011 75

Laser Processing

Others: Maskless, 
DOEs
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Traditional lasers– focal point processing

UV micromachining by pattern projection
Poor definition of focal point, low flexibility.

Precise definition on machined area by optical projection of 
mask image, many motif shapes possible. 

Mask Part

01/12/2011 77ULB/BEAMS

Drilling Techniques / Projection
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Drilling Techniques / Projection

• Static Mask and workpiece
• Moving Mask
• Moving Workpiece
• Synchronised Scanning
• Synchronised overlay 

scanning
• Bow Tie scanning
• Half Tone & Gray Scale 

Mask

ULB/BEAMS01/12/2011 79

Processing using simple motifs:-
…particularly suitable for small lasers!

• Drill/mill simple holes or shapesDrill/mill simple holes or shapes
• Drill many holes sequentially using X,Y part 

motion
• Use mask selector to change motifs, incl. 

alphanumeric
• For small features, energy requirements modest, 

but high rep. rate useful.
Mask, in this case 
with a single hole

Laser illumination, 
generally around 
50mJ/cm²

Process lens to 
project mask 
image with typical 
demag. 4-20X
1-20J/cm² on the 
part

01/12/2011 ULB/BEAMS 80
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Static Mask & Workpiece

• Drill simple holes or shapes
50mJ/cm²

p p

– Drill many holes sequentially using 
X,Y part motion or X,Y Galvo 
Scanners (also known as step & 
Repeat)

Typical 
demag. 
4-20X

• Use mask selector to change motifs, incl. 
Alphanumeric (also known as indexed 
mask projection)

1-20J/cm²

ULB/BEAMS01/12/2011 81

Static Mask & Workpiece
• Drill simple holes or shapes

– Drill many holes 
sequentially using X,Y part 
motion or X,Y Galvo 
Scanners (also known as 
step & Repeat)

• Use mask selector to change 
motifs, incl. Alphanumeric 
(also known as indexed mask 
projection)

ULB/BEAMS01/12/2011 82
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Drilling Techniques / Projection
Moving Mask

ULB/BEAMS01/12/2011 83

• Laser firing + motion  

Change motif

Generate complex 
patterns by selecting & 

tracking motifs

g
generates a groove, or cuts 
through the part.

• For a given material, groove 
depth depends mainly on 
average shot dose(rep. rate x 
motif size/tracking speed)

Tracking

• Use different motifs to 
generate complex patterns

ULB/BEAMS01/12/2011 84
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• tracked circle always makes 
elliptical-shaped profile, 
independently of directionindependently of direction

• For other shapes, profile 
depends on tracking direction

ULB/BEAMS01/12/2011 85

Moving Workpiece…more

• Mask Shape:

– T Mask

– Triangle Mask

– Round Mask

ULB/BEAMS01/12/2011 86
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Moving Workpiece

Microgrooving:some examples

iv
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Moving Workpiece…more

Turn by 90°

Turn by 90°
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Synchronised Scanning

ULB/BEAMS01/12/2011 89

Laser Processing

DIRECT WRITING

ULB/BEAMS01/12/2011 90
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Drilling Techniques / Direct Writing

ØD

F

D0

ULB/BEAMS01/12/2011 91

XY Galvo Mirrors

Pre-focus lens D i f iPre-focus lens

F-Theta  objective

Dynamic pre-focussing

F-Theta & Dynamic pre-focussing
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Drilling Strategies...Contd

single shot percussion trepanning Helical drilling

precisionablation/pulse

© IFSW
© IFSW

Source: FGSW Stuttgart
Aspect (d/T) max. 1:15 max. 1:100 open open

Tolerance % 5-10 5 5 <3

Pulsed Laser
ULB/BEAMS01/12/2011 93

Drilling Techniques / Direct Writing
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Process Results

Material: stainless steel
Thickness:  1.2 mm
Diameter:  50 μm ± 2 μm
Time: 10 s

Material: stainless steel
Thickness:  1 mm
Diameter:  200 μm ± 3 μm
Time: 20 s

ULB/BEAMS01/12/2011 95

Process Parameters...Contd
• Angle / offset

Angle & OffsetAngle & Offset

stainless steel 
d=50 µm
depth=1 mm, t=8 s

stainless steel
d=100/250 µm 
depth 1 mm, t=20 s 

Diameter & 
conicity
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Drilling Techniques / Others

Maskless / Digital Mask

Digital Masks:-
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Drilling Techniques
DOE’s:-

ULB/BEAMS01/12/2011 99

Drilling Techniques
Many holes at once:-
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Methodologie
Tendances

Produits actuels et à venir

Sélection de l’outil laser

ULB/BEAMS01/12/2011 103

Tendances du marché
• Miniaturisationatu sat o
• Fonctionnalisation
• Efficience
• Biomimétisme
• ConvergenceConvergence
• Personnalisation et circuit court (Rapid 

Proto)
• Réduction des coûts 
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Miniaturisation: Perçage laser de micro-vias

ULB/BEAMS01/12/2011 105

Miniaturisation…suite
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Fonctionnalisation
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Efficience
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Convergence
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Convergence…suite
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Convergence…suite
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Biomimétisme
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Biomimétisme…suite
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Construction additive
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Réduction des coûts
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Procédés Laser Hybride
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Procédés Hybrides/ Synova
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Procédés Hybrides/ LIBWE
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Typical Laser Tasks for MDM:
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Processing using Complex Motifs:-
…parallel patterning, generally suitable for big lasers

Illumination of a
Telecentric imaging 

Illumination of a 
complex mask

• The complete pattern is projected in a single 

using a field lens

p p p j g
operation using a complex mask

• Inflexible but inherently suitable for mass 
production

• Stencil-type masks are limited to simply-
connected motifs

• Metal/FS masks – any feature possible, & more 
precise, but costlier and lower damage 
threshold

01/12/2011 ULB/BEAMS 121

Catheters machining
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Filter device(medical)3mm

Catheter wall30µm

01/12/2011 123ULB/BEAMS

Laser catheter chamfering
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Laser drilling of artificial skins

01/12/2011 ULB/BEAMS 125

Laser machining of medical components

• Machining of glass 
substrates

• Machining ofMachining of 
counting grids

01/12/2011 126ULB/BEAMS
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Laser machining of microfluidics:lab on a chip

K
en

t –
N

C
SR

 (I
rl)

Martin Jensen - Danish Technogical Institute (Dk)

N
ig

el
 K
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• Gas Supplies(fuel)

• Mask motif selection/control

Lase  fi ing  ene g  & shots • Gas Supplies(fuel)

• Performance monitoring
Laser

BDU

Control • Energy Control

• Illumination optics

• Mask motif, (incl. Dynamic)

• Projection optics

• Demag. a Focus

• Laser firing, energy & shots

• Focus control & part motion

• Process monitoring

• Vision software

• Hardware maintenance

• Operator interface/access

• Data logging

Part 
HandlingVision

• Vision

• Lighting

• Measurement

• Motion, incl. multi-axis

• Environment Control
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Merci pour votre attention

QUESTIONS….
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Notre  expertise dans le domaine du traitement 
Athermique par laser :
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Typical Micromachining Tasks:-
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