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Abstract—The world’s most powerful laser system for 

industrial applications would be presented. Ytterbium fiber laser 
combines record 101.3 kW output power, continuous-wave 
operational mode and an excellent beam quality. Beam 
parameter product (BPP) does not exceed 16 mm x mrad, when 
we use 300 µm x 10 m feeding fiber, or near 25 mm x mrad, when 
fiber-to-fiber output coupler with 500 µm x 50 m process fiber is 
used. Emission wavelength is 1070 nm. High wall-plug efficiency 
35.4%, compact laser cabinet and total weight less than 3600 kg 
open the new opportunities in different industrial and mobile 
applications. 
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I.  INTRODUCTION 
Nowadays fiber lasers are entering hundreds-of-kilowatts-

level continuous-wave powers. Rapid progress in this field is 
fueled by the unique ability of fused silica fibers to carry high 
optical powers. Recent achievements are the results of 
improvements in laser components: active and passive fibers, 
powerful high brightness pump diodes, enhanced fiber 
combiners [1-4]. In this article world’s first 100 kW industrial 
fiber laser will be presented. 

II. LASER DESIGN 
Optical design of 100 kW laser is based on the all-fiber 

concept consecutively developed by IPG Photonics. This 
technique includes parallel combining of single-mode 
ytterbium fiber lasers emitting at wavelength range 1070 nm. 
Combining scheme enables the coupling of multiple single-
mode or multi-mode fibers into the output multi-mode fiber. 
This approach is based on the usage of fused fiber combiners. 
Parallel combining of single-mode fiber lasers also allows 
modular system design where the quantity of laser modules 
can be adjusted to fit the desired power level. 

Optical scheme of 100 kW fiber laser is given below. 90 
laser modules with output power 1.4 kW are divided into 6 
groups. Each group contains 15 modules. The radiation of 15 
modules is coupling into 100 µm multi-mode fiber by means 
of combining element 19-to-1. Totally there are 6 sub-
combiner modules with combining elements 19-to-1. Element 
7-to-1 in the main combiner module enables to couple 
radiation from sub-combiner modules into 300 µm fiber. High 

power connector terminates 300 µm x 10 meter long feeding 
fiber. 

Fig. 1. Optical schematics of 100 kW fiber laser 

 
 Specially developed internal fiber-to-fiber coupler (FFC) is 
based on fused silica lenses with diameter 85 mm. Increased 
dimensions of FFC lenses allows to decrease power density on 
the lenses surfaces and avoid possible damage. 
Both feeding fiber and process fiber operation modes are 
available for this laser. Optical configuration of delivery fibers 
is the following one: 
 

• Feeding fiber has the core diameter 300 µm and 
length 10 m; 

• Process fiber, with the core diameter 500 µm and 
total length 50 m. 
 
 
 
 
 
 
 
 
 



 

 

 

 

Laser is assembled in compact cabinet, with total volume 
5.4 m3 and footprint 2.9 m2. Total weight doesn’t exceed 3600 
kg. Compact outer dimensions go with reliable industrial 
design. 

Fig. 2. Compact and easy-to-transport 100 kW fiber laser 

III. LASER CHARACTERISTICS 
Output power demonstrates linear dependence vs. current 

set. Measured full power is 101.3 kW. Power consumption at 
maximal power is 286 kW that corresponds to the superior 
wall-plug efficiency 35.4%. Output power instability at full 
power is ±0.2% over 30 minutes time range. Power 
measurements mentioned above were performed with 500 µm 
x 50 m process fiber, validating the reliability of fiber-to-fiber 
coupler. The laser has been operated at full power for a total 
duration of more than 40 hours. No signs of SRS or other non-
linear effects were observed up to the maximal achieved 
power. Spectral characteristics are: central wavelength 1070.5 
nm and emission line width 4.7 nm. 

 
Fig. 3. Laser output power vs. current 

 

 The results of beam parameter product (BPP) 
measurements are presented below. BPP value does not 
exceed 16 mm x mrad when we use 300 µm x 10 m feeding 
fiber. Lenses system of fiber-to-fiber coupler has optical 
magnification M = 1.1 that allows to decrease divergence of 
output radiation. As a result beam parameter product measured 
after the process fiber at full power is near 25 mm x mrad. 

TABLE I.  BPP MEASURED AT FULL POWER 

Optical 
Configuration 

Core 
Diameter 

Numerical 
Aperture BPP 

Feeding fiber 300 µm 104 mrad 16 mm x mrad 

Process fiber 500 µm 99 mrad 25 mm x mrad 

 

Fig. 4. BPP measured at full power after the feeding fiber, collimating lens 
180 mm and focusing lens 410 mm 

 

Fig. 5. BPP measured at full power after the process fiber, collimating lens 
180 mm and focusing lens 410 mm 

 

Laser demonstrated excellent transient characteristics. 
Modulation up to 5 kHz is possible in both digital and 
analogue operation modes. Switching on time is 40 µs, 
switching off time is 25 µs. 
 



 

 

 

Fig. 6. Laser output spectrum measured after the process fiber 

 

 

Fig. 7. 5 kHz output power modulation (blue trace: modulation signal, red 
trace: laser output signal) 

IV. CONCLUSIONS 

We have demonstrated industrial grade continuous-wave 
ytterbium fiber laser with output power exceeding 100 kW. 
The laser radiation has stable and repeatable parameters; beam 

quality does not depend on the output power. Our laser system 
meets all of the requirements necessary for industrial 
applications. 100 kW fiber laser should strengthen the 
domination of high power fiber lasers in material processing, 
heavy industry and welding markets [5]. 

We have no doubt that combination of unique output 
power and superior technical characteristics will open new 
opportunities. Emerging applications in mining industry will 
benefit from flexible fiber delivery, rugged field transportation 
and operation of fiber lasers. According to estimations, laser-
mechanical drilling of ultra-hard rocks enables to reduce 
drilling costs by up to a factor of ten in comparison with 
traditional mechanical drilling [6]. 

Looking into the future, there are no principal limitations 
for further power scaling. The improvement of the laser 
schematics and components quality is in process with a target 
to demonstrate 200-300 kW output power in easy-to-transport 
and robust industrial design. 
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