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WHICH PULSE DURATION SHALL I USE? 
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A LITTLE BIT OF HISTORY 
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University of Michigan Patent (Gerard Mourou et al., 1994) 

Prominent Example: Opthalmology 

The Benefit of Cold Microprocessing 
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Ultrafast Laser Machining at BOSCH using the TruMicro Series 5000 
Example of Ultrafast Industrial Machining 
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APPLICATIONS 
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Examples: Automotive Applications 

Ultrafast Serial Production at Bosch 

all images: 
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Ultrafast Laser Applications 

Brittle Materials Plastics 

Thin Films Metals 
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Percussion Drilling of AlN and Al2O3 Ceramics 

VIAs for ceramic PCBs 
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Source: bestpcbs.com 
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Via drilling on PCB 

Interconnections between layers 
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Source: matz.in, printline.dk 
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Semicon: More than Moore 

System in Package 
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 3D packaging of chips: material mix 
 Conventional wheel dicing is inflexible 
regarding varying geometries 
 Ultra short pulse lasers can dice with 
high quality 
 
 Femtosecond lasers 
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Flat Panel Displays: Cover glass and displays 

Displays for mobile devices 
 

13 

 Cutting of chemically strengthened 
cover glass and display glass 
 Picosecond lasers with special optics 
enable high speed cutting up to 1 m/s 
 
 Picosecond lasers 
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Selective Laser Etching for Separation of Modified Samples 

  Internal contours/complex shapes 

~ 1° 

α 

  No taper lead angle 

Intensity distribution 

TOP Cleave 

  TruMicro 5000 

Aluminosilicate glass (700 µm) 

Glass surface 

Modified inner contour Ø 5 mm  

  Etching in 28 wt.-% KOH, Etching rate: 3 µm/min, ~ 1:100 

180 min Etching time 
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 Picosecond lasers 
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Selective Laser Etching of Microholes in Glass 
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Ø 200 µm microholes Ø 500 µm microholes 



PICOSECOND, FEMTOSECOND AND BEYOND, Christof Siebert 16.09.2015 

Selective Laser Etching of Microholes in Glass 
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Ø 500 µm microholes Ø 500 µm glass cylinders 
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Selective Laser Etching on Fused Silica, Sapphire 
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STAINLESS STEEL – PS VS. FS 
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Energy efficiency increases with lower pulse durations 

Stainless steel, infrared 
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M. Sailer et al. 
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Energy efficiency optimum for 800 fs green 

Stainless Steel 
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Femto Edition
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Femto Edition
6000 fs TruMicro5070

800 fs TruMicro5270 
(green Femto)

S. Russ et al. 
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SINGLE PASS CUTTING OF DURNICO 
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Single Pass Cutting with Ultra-short Laser Pulses 
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BEO D70  Nozzle 

Cutting process Cutting results using 400 fs pulses 

Analysis of HAZ 

top top 

side view 
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Single Pass Cutting with Ultra-short Laser Pulses 
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400 fs 6 ps 800 fs 

200 µm Durnico 
 

Sa=0.461 µm Sa=0.301 µm Sa=0.972 µm 

Process 

window 
HAZ 

no full cut 
no full cut 

Process 
window 

HAZ 

deposition 

striations 

no full cut 

0.1 mm/s, 6 mm/min 

Process 

window 
HAZ 

0.1 mm/s, 6 mm/min 0.1 mm/s, 6 mm/min 
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Watch component designs 
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Benchmark parts (EPHJ Genève) 
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PI CUTTING WITH FEMTOSECOND LASER 
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Polyimide 
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Flexible PCBs 

Drilling and cutting with TruMicro lasers 
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Source: st.com 
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400 fs 
1030 nm 
166 mm/s 
 
 Small HAZ visible 
 Carbonization is ok 
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Cutting of PI with 400 fs IR 

PI foil thickness 0.1 mm 
 
Top view 

Edge view 
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800 fs 
515 nm 
166 mm/s 
 
 HAZ smaller 
 No carbonization 
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Cutting of PI with 800 fs green 

PI foil thickness 0.1 mm 

Top view 

Edge view 
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LASERS 

30 
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TruMicro Series 2000 
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TruMicro 2020 TruMicro 2020 FE 
Wavelength 1030 nm 1030 nm 

Pulse Energy 10 µJ (20 µJ) 10 µJ 

Repetition rate 
 0 - 1 MHz (2 MHz) 0 - 1 MHz (2 Mhz) 

Pulse duration 20 ps 500 fs 

Average power 10 W (20 W) 10 W (20 W) 

Beam quality M² < 1.3 M² < 1.3 

32 

TruMicro Series 2000 
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Large Aspect Ratio ⇒ High Average Power / High Peak Power 

Disk Lasers 

Negligble Thermal Lensing ⇒ Excellent Beam Quality 
Large Surface / Short Material Path ⇒ Tolerable Intensity & Low Nonlinearities 

Excellent Cooling –  compare a cup of tea… Thickness approx. 1/10 mm 
Proprietary Mounting on Diamond 
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TruMicro Series 5000 
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TruMicro Series 5080 5080 Femto 
Edition 5280 5280 Femto 

Edition 5380 

Max. average power 150 W 120 W 90 W 75 W 45 W 

Wavelength 1030 nm 1030 nm 515 nm 515 nm 343 nm 

Pulse duration < 10 ps 900 fs < 10 ps 700 fs < 10 ps 

Max. pulse energy 500 µJ 200 µJ 225 µJ 125 µJ 75 µJ 

Repetition rate 300 – 1000 kHz 600-1000 kHz 600 – 1000 kHz 600 – 1000 kHz 600 – 1000 kHz 

Beam quality M² < 1.3 M² < 1.3 M² < 1.3 M² < 1.3 M² < 1.3 

High Power Femto- and Picosecond Lasers 

35 
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SCALING 
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Beam Splitting and Beam Shaping 

Diffractive Optical Elements (DOE) 

37 

http://static.wixstatic.com/media/153fe5_1374ba37b69fdecbbeb09c95d47242f1.gif_srz_955_485_85_22_0.50_1.20_0.00_gif_srz 
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~ 4 kW pump power 
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Current Ultra-Short Pulse Thin-Disk Laser Development 

~ 12 kW pump power 

Increase of pump power 
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TRUMPF Scientific Lasers
TRUMPF Scientific Lasersdevelopment project
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WILL THE TREND TO SHORTER PULSES 
CONTINUE? 
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DIFFICULT TO SAY BUT… 

40 
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… use that pulse duration that hits the optimum for your material… 
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…and that is (as far as we know today) 

Brittle Materials Plastics 

Thin Films Metals 

10 ps 800 fs green 

Depends 900 fs infrared 
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IN THE FUTURE? LET‘S SEE… 
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