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Overview 

▲ Presentation of company Topag 

 

▲ Increasing processing efficiency    
using Top Hat beam profiles 

 

▲ Benefits of beam splitting optics 
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TOPAG  
 Lasertechnik GmbH 

▲ Founded in 1993, Darmstadt Germany 

▲ Staff: 8, mostly physicists 

 

Main activities today: 

▲ Solid state pulsed lasers (fs/ps/ns): Light Conversion, Ekspla 

▲ Beam shaping optics: Design, fabrication and marketing 

▲ Applications for Laser Micromachining, R&D-projects 
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Industrial Ultra Short Pulse Lasers 

▲fs-PHAROS  
20W @ 1030nm 
0…1 MHz, TEMoo  
200 fs … 15 ps 
Up to 1.5mJ  
64 x 36 x 21 cm³  

Stent, LED Production 
OLED, ITO Structuring 
MEMS, Ophthalmologie 

▲ps-ATLANTIC    

6…60 W@1064nm 
1MHz/5MHz 
8…13ps 
SH/TH/FH 
Air-/water-cooled 
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Increasing Process Efficiency 

Tailored 
beam profiles 

Multibeam 
processing 
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Benefits of Top Hat beam shapers 

Top Hat profile 

   P1-scribing  

HAZ 
RAČIUKAITIS et.al,  
JLMN, Vol. 6, No. 1, 2011 

Gaussian profile Top Hat profile Gaussian profile 

Scribing of thin-film CIGS solar cell 
with ps laser, 532nm  

   P3-scribing  

▲ Reduction of the heat affected zone (HAZ) 

▲ Reduction of damage of underlying layers in 

multilayer systems 

▲ Optimization of the edge profile of ablated lines 
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▲ Transformation of a single mode Gaussian 
beam into a Top Hat in focal plane of 
focusing optics 

 

▲ Small Top Hat sizes from 200µm down to few 
µm. Top Hat size is 1.5 times larger than 
diffraction limited spot size of Gaussian input 
beam 

 

 

 

▲ Small changes in the optical setup allow to 
generate a Top Hat with double size 

Fundamental beam mode shaper (FBS) 

𝑇𝑜𝑝 𝐻𝑎𝑡 𝑤𝑖𝑑𝑡ℎ =  
2 ∙ λ ∙ 𝑓𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ

𝑏𝑒𝑎𝑚 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟
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Gauss-to-Top Hat generator (GTH) 

Circular Top Hat generated by GTH Top Hat sizes as a function of focal 
length/working distance 

Top Hat generated with GTH and 
multimode lasers (M² = 18) 

▲ Continuous freeform surface for the generation of rectangular or circular Top Hats (and lines) 

▲ Top Hat size can be scaled by the focal length of the focusing optics 

▲ Independent of the wavelength 
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Integration of beam shapers 

GTH or FBS can be installed in front (1), within (2) or behind (3) a telescope. 

Advantages: 

▲ Pos. 1: Top Hat (spot) size can be still scaled with Zoom-beam-expander 

▲ Pos. 2: Easy adaptation to the design input beam diameter of the beam shaper. Additional 
shapes: M-Shape/‘Donut‘ 

▲ Pos. 3: Tolerance for lateral displacement depends on the beam diameter  Easier alignment 
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ITO thin film ablation 

“Laser Thin Film Ablation with Multiple Beams 
and Tailored Beam Profiles” Photonics West 2014  

ns-laser (7ns) processing of commercial ITO on a 0.7 mm 
glass substrate with film thicknesses of 110 nm, 15 nm 
SiO2 layer is deposited between the glass substrate and 
the TCO 
 
 
Best results on minimized burr volume were achieved 
@1064nm, 5kHz and 30µJ with a pulse to pulse overlap 
of 28%, ablation spot size ~33µm 
 
To achieve comparable results using a Gaussian beam 
profile a pulse to pulse overlap of >80% was necessary 
 
with Top Hat profile processing was ~3 times faster 



U. Rädel, TOPAG Lasertechnik GmbH: „Increasing laser 
processing efficiency using multibeam and tailored beam profiles”     

Lasers in Action Forum, 02.06.2016, LASYS 2016 

Increasing Process Efficiency 

Tailored 
beam profiles 

Multibeam 
processing 
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DOE as beam splitter 

Structure of a 5x5 beam splitter 

Light distribution generated by beam splitters  
 
3x3 beam splitter 1x5 beam splitter Typical structure of a DOE 

▲ Splitting of the beam into 1- or 2-dimensional arrays 

▲ Efficiency: binary gratings up to 80%; „blazed“ gratings near 100% 

▲ For single and multimode lasers Design is independent to the input beam 
profile 
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ITO thin film ablation 

Top Hat leads to smaller pulse overlap 
(~25% instead of ~80%) compered to 
Gaussian beam 
 Processing was ~3 times faster 
 
Beam splitter (1x5) leads to a parallel 
ablation of 5 lines 
 Processing was 5 times faster 
 
Combination of beam shaper FBS and 
1x5 beam splitter 
 Processing was ~15 times faster 

Microscope picture with 
detailed view of ablated lines 

fs-laser (PHAROS, 290fs) processing of 170nm ITO thin film (isolation lines) 
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LED wafer dicing 
Dicing of LED wafer (6inch) into single „Dies“ (min. 250 µm) 

VIS 

Challenge: 
• Too much heat input using ns laser 
    sensitive electronic devices can‘t be    
   placed near the dicing cuts (loss of space) 
• Lower heat input using ps laser 
    devices can be placed nearer to the gap 
    higher number of LED‘s on a wafer 

Project aim: 
• 30% higher yield 
• Twice thinner dicing cuts 
• Increased cutting quality 
• Lower processing time 
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High speed dicing 

SEMILAS 
Polygon Scanner 

x axis:  
fast scanline 

y axis: movement 
of the wafer 

High speed is realized with: 
- Polygon scanner 
- 1x3 beam splitter (parallel processing) 
- Top Hat for reduction of pulse overlap 
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Summery 

▲ Tailored beam profiles can increase processing quality and reduce pulse 
overlap  

 

▲ Multibeams (beam splitter) leads to a more efficient use of the laser 
power and to a higher processing speed 

 

▲ Beam shaping and parallel processing (beam splitting) can be combined 
and increases processing efficiency 
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Thank you for your attention 
 

Visit our booth at LASYS 2016 
Hall 4, booth E 34 


