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Abstract 

Pulsed Nd:YAG lasers are the state-of-the-art for a large number of micro-applications and have shown remarkable 
performance in fields ranging from welding to drilling processes.  
Thanks to a combination of several characteristics such as its high beam quality, fast pumping diodes and high-speed 
electronics, a new generation of pulsed fiber lasers makes it possible to extend the field of processes and application limits. It 
also allows for answering some fundamental questions e.g. the role of the beam quality in drilling and welding process, 
thanks to a constant beam quality, independent of the average power.  
This paper gives an overview of the new possibilities offered by pulsed fiber laser technology, with particular emphasis on 
drilling and welding applications. Extensions of the process performance and production-optimized solutions are also 
presented. New welding possibilities and perspectives are discussed as well as micro-welding of medical alloys. Finally, 
methods such as pulse-shaping and plasma generation, which enable to reach new limits for aspect ratios and drilling speed. 
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1. Introduction 

The end of the technological life-cycle of lamp-pumped pulsed Nd:YAG solid-state lasers was already 
predicted several years ago. Such claims were not unfounded, as compact and energy-efficient laser sources with 
excellent beam quality, such as diode lasers, disk lasers and fibre lasers, are available in almost all application 
fields. 

This prediction is accurate regarding precision cutting applications. For many applications, including those in 
the field of medical technology (e.g. stents cutting) fibre lasers are used almost exclusively. These lasers are 
already under pressure in the high-end field due to the appearance of novel technologies, such as ultra-short pulse 
lasers with fs- and ps-pulse regime. Lamp-pumped lasers have been relegated to a niche existence on the market 
when it comes to cutting applications. 

As for drilling applications, this prediction has not been borne out in reality. This is not so surprising, since 
lamp-pumped pulsed solid-state lasers make it possible to achieve high pulse power with high energies while 
offering good beam qualities in a simple and cost-effective manner. In this process, the pulse energy is stored in 
capacitors as electrical energy and supplied during the laser pulse with high pulse energy (> 1 kW) and long 
pulses duration (> 1 ms). This could not be realized up to now with diode-pumped lasers. With modulated cw-
devices, no lasting capacity is possible. Q-switched lasers deliver high peak power, but with pulse durations in 
the nanosecond regime, so that the pulse energies are limited (up to a few mJ). 

It is nevertheless surprising that lamp-pumped pulsed lasers still play a big role, even for precision welding 
applications. As a matter of fact, Nd:YAG laser present higher costs  compared to diode-pumped lasers or diode 
lasers of the same average power, lamp-pumped. In spite of this, the sales Figures of such laser sources have not 
significantly decreased in the past years. 
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The reason for this development can be found in the frequently underestimated special qualities of pulsed 
lasers, which are particularly important for welding tasks. For welding it is not only the beam quality and thus the 
focusability that is the driving quality factor, but rather other factors like: 
 The weld seam geometry 
 The energy per unit length  
 The type of energy input 
 The control of the thermal management and thus the deformation of the welded working piece  
 The influence of the melting pool and thus control of the metallurgy and primary solidification with all the 

resulting phenomena such as cracking susceptibility, pore formation and hardening. 
 

2. The quiet revolution of pulsed fiber lasers 

The availability of pulsed fibre lasers with high pulse power and comparatively limited average power can be 
seen as a breakthrough for the replacement of lamp-pumped pulsed solid state lasers by fibre lasers. Such laser 
sources can operate in both the pulsed and the cw-mode. 

Compared to high-power cw fiber lasers, such laser sources can be built with better cost-effectiveness, as the 
average electrical power supply and cooling unit must only be supplied for the relatively limited average power. 

With such fiber laser sources it is possible for the first time to achieve application results that are comparable 
to lamp-pumped pulsed Nd:YAG lasers. 

 

3. Welding 

3.1. Issues and state-of-the-art 
 

Beginning already with the initial availability of industrial single-mode fibre lasers, attempts have been made 
to use them for precision welding. However, due to the specific characteristics of the laser, this was only partially 
successful. The excellent beam quality requires very precise seam preparations for joint welding. As opposed to 
the apparent advantage of a narrower welding seam and the accompanying reduced heat influence, there is 
unacceptably higher outlay for production and seam preparation. 

In addition, the high welding speeds of cw-lasers could hardly be realized in the case of more complex 
contours in the micro-range. 

Increasing the focus diameter to limit the tolerance sensitivity of the welding process, results in a dramatic 
loss of intensity.  

When using cw-fiber lasers with comparable average power as Nd:YAG lasers, working outside the focus 
area results in a collapse of the keyhole and thus a drastic loss of weld penetration depth (FIG 1). 

 

 
Fig. 1. Welding depth versus focal position. 
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3.2. Experimental results 
 

Single mode pulsed fiber lasers are available, in addition to multimode lasers. As a matter of fact, welding 
does not require an extremely high beam quality compared to cutting and drilling process. After the issue was 
observed with single mode cw welding, the spontaneous reaction is to favor a multimode beam for welding 
applications.  

Nevertheless, using a single mode pulsed fiber laser has shown surprisingly good results. Although one might 
have expected needle-shaped seams that are difficult to master, the shape and depth of welding can be gradually 
controlled. (FIGs 2, 3 and 4)  

 

 

Fig. 2. Welding depth versus welding speed. 

 

 

Fig 3. Welding of Steel 1.4301. 0.5 to 1.5mm with LASAG LFS 150. 
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Fig. 4. Welding of 1mm Aluminum 99,5, welding speed: 200 mm/min. 

 
Free scalable pulse shaping associated with a wide range of pulse durations (50 µs to 50 ms) and peak powers 

(15 W to 1500 W) enables extremely fine welding for medical, electronic or fine mechanic device applications. 
Some examples are shown in FIGs 5 and 6.   

 

 

Fig. 5. Welding of 4um Titanium grade 1 foil on a Titanium grade 1, welding speed: 200 mm/min. 

     

Fig. 6. (a) Welding of 0,2 mm thick Nitinol wire (left); (b) Appropriate pulse shape (right). 
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Not only fine welding can be achieved with a pulsed fiber laser, but also deep penetration welding up to 4mm 
(in 1.4301 Stainless Steel). The good beam quality enables a major increase in the welding depth as well as the 
aspect ratio. 
 

3.3. Discussion and conclusion 

Those welding results demonstrate the ability and great potential of this new kind of laser source. Apart from 
their capacity to meet the same parameter range as state-of-the-art pulsed Nd:YAG lasers, there are several 
reasons why pulsed fiber lasers will play an increasingly important role for welding processes.   

A significant advantage of pulsed fiber laser compared to lamp pumped Nd:YAG lasers is found in the 
possibilities offered by fast pumping diodes for pulse shaping. 

Pulse shaping has demonstrated major improvements in the weldability of refractory metals (Ti, Ta, Mo…), 
dissimilar materials (CuZn-Steel, Cu-Al, NiTi-Ta…) and crack sensitive materials (Al 6000, Ni based super 
alloys…). This is a crucial feature of any welding laser. [1, 2, 3] 

In the case of the lamp pumped Nd:YAG lasers, the charging and discharging time of the condensers limit the 
pulse regulation possibilities. Only pulses longer than 0,5ms can be regulated.  

Pulsed fiber lasers offer pulse modulation and pulse shaping for pulses as short as 50µs with an increment 
down to 10µs.  

For Nd:YAG lasers, the maximal average power which can be coupled in a 50µm fiber is about 5 to 10 W. 
For comparison, pulsed fiber lasers allow up to 150 W average power into single mode fiber and up to 600 W in 
a 50 µm fiber.  This permits to keep a very high process quality associated with higher process efficiency.  

This includes not only obtaining the corresponding welding depths with comparable seam geometry and 
relevant energies per unit length, but also the functionality of pulsed Nd:YAG lasers. Those are decisive in 
realizing acceptable welding results, as well as in the case of difficult to weld materials.  
 

4. Drilling 

4.1. Issues and state-of-the-art 

The preconditions for the laser drilling process are easier to describe than for the welding process. CW lasers 
are not a conceivable possibility for the drilling process. Lamp pumped Nd:YAG laser with very high peak 
powers, up to 60kW (with 600W average power), are available and well known.  

Such power is not reachable with fiber lasers, except with extremely high average power, together with very 
high investment costs which annihilate the advantages of the fiber technology.  

Pulsed fiber laser enables a constant beam quality regardless of the parameters, but are still limited in peak 
power.  

The investigation of low-power pulsed fiber lasers abilities is therefore highly interesting and shows very 
promising results.  

4.2. Experimental results  

Filter drilling. One challenge during filter manufacturing is increasing the drilling speed. Typical values are 
several hundred holes per seconds.  

A characteristic example of filter drilling is the drilling of fuel filters for the automotive industry. Nd:YAG 
lasers are well established on the market for the drilling of such filters. Up to now, the drilling speed was limited 
to 400 holes per second, due to the limitation of the required ratio average power/ beam quality. This limit could 
be increased by using single mode pulsed fiber lasers up to 1200 holes per seconds. FIG 7 shows an example of 
fuel filter drilling and flat filter drilling.  
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Fig. 7. on the fly drilling of stainless steel (1.4403) fuel filters: 50 µm holes diameter, 0.5 mm thickness, process parameters: 1200 Hz (1200 
Holes/s). 

Turbine industry. Typical requirement of turbine industry are to increase drilling speed, reduce thermal 
damages and to increase the quality (prevention of micro cracks and reduction of recast layer). To do so, the 
beam quality of the laser has to be improved in comparison to the beam quality of pulsed lamp-pumped Nd:YAG 
lasers. 

Even with limited power, pulsed fiber lasers are delivering very promising results. For percussion drilling as 
well as for trepanation drilling. 

Other drilling applications. In general, very high aspect ratios as well as extremely small drilling diameters – 
in comparison to Nd:YAG lasers – are achievable as shown in FIG 8. 

5. Discussion 

The trials performed show the importance of the beam quality for laser drilling. Moreover, a constant beam 
quality enables to improve the results for a wider range of parameters, thus applications.  

The fast pumping diodes which show their benefits for the welding process are enabling to push the drilling 
process optimisation even further. Pulse modulation enables a better drilling efficiency, together with high aspect 
ratio. FIG 8 and 9 shows a significant example.  

 

 

Fig. 8. Optimization of laser drilling thanks to the pulse modulation. 1mm thick 1.4301 stainless steel. Hole diameter: 10 µm. aspect ratio: 
100:1, 30 s/hole. 
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Fig. 9. Shape of a modulated drilling pulse. Pulse duration: 200 µs. 

6. Conclusion and outlook 

On the basis of characteristics of pulsed fiber lasers that are comparable to lamp-pumped pulsed lasers, their 
applications can be adapted to the greatest possible extent.  

Although pulsed single mode fiber laser are limited by the available pulse power of 1.5 kW at a maximum 
average power of 150 W, a large number of applications in the fields of medical technology, precision 
engineering and microelectronics can be realized with these new laser sources. 

The advantages of pulsed single mode fiber laser sources for industrial applications are obvious. These lasers 
are almost maintenance-free and do not need to be aligned, thus offering the best requirements in realizing a 
quality-assured manufacture. 

It could be demonstrated for both, welding and drilling applications, that the availability of better beam 
quality, together with higher pulse power, enables a massive improvement of the current process limits compared 
to state-of-the art lamp pumped Nd:YAG lasers.  

The all in fiber technology enables an outstanding brightness, thus high process efficiency. The power 
stability, as well as the beam quality, stays constant over the whole parameter range.   

The future of these new pulsed fiber lasers is exiting and should be kept in sight. It is reasonable to ask how 
far are the lamp pumped Nd:YAG lasers going to stay in the run for industrial applications in the next years ?  On 
one hand, pulsed fiber laser is a young technology with a high potential; on the other hand, lamp pumped 
Nd:YAG lasers still have strong arguments in special field of applications where they can offer an interesting 
price-to-power ratio.  
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