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Absract 
In this paper are given results of investigations of characteristics of radiation of the compact fiber laser. It is established that at work in 
pulse and in pulse periodic modes the fiber laser generates enough stably radiation with length of a wave 1,083 microns with peak power to 
1,5 ÷ 2 kW. The area of stable generation of radiation is limited to a pumping current 8 A. There are shown possibilities of treatment of 
materials by radiation of the investigated laser. 
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1. Introduction 
 

Laser systems find the increasing application in laser marking 
and laser treatment of materials. For industrial appendices excellent 
quality of a laser beam at the big radiated power, decrease in current 
working costs, increase in quantity of qualitative products and 
reliability growth is especially important. At present in the market 
of industrial laser systems for treatment of materials four basic 
systems prevail. It sealed-off lasers and flowing СО2- lasers, solid-
state lasers on the basis of glass or crystal materials, fiber lasers and 
disk-shaped diode lasers (HPDDLs). 

The most widespread industrial laser systems on the basis of 
gas lasers even more often are replaced recently on a systems with 
solid-state lasers and semi-conductor lasers. 

Fiber lasers are one of the brightest achievements of modern 
quantum electronics [1, 2]. In comparison with traditional industrial 
СО2 and Nd:YAG lasers powerful fiber lasers have important 
advantages: 

high coefficient of efficiency (up to 30%); 
several times smaller dimensions and weight; 
high stability of output parametres (nearby 1 % on output 
power); 
high quality of radiation; 
transportation of laser radiation to unlimited distances almost 
loss-free; 
high reliability and the big resource of basic elements and 
systems. 
At present are developed and are manufactured industrial laser 

systems on the basis of fibres, which are doped by ions Yb3+, Er3+, 
Tm3+. 
 
2. Preconditions and means for resolving the problem 
 

The fiber laser consists of three basic elements: the module of 
the pumping, the generating module and a fiber light guide [3]. The 
pumping module assure transfer of necessary quantity of electric 
energy to an active part of the generating module. The generating 
module will transform brought energy to energy of laser radiation. 
Radiation generation occurs in active fibres that excludes difficult 
schemes of an leading of a beam in a treatment zone. The fiber light 
guide assure transportation of laser radiation to a place of treatment 
with preservation of power of radiation without considerable losses. 

In the majority of fiber lasers the generating module is 
constructed under the classical scheme - an optical fibre with a 
double cover in which the central single-mode core is covered by a 
multimode cover with a smaller index of refraction, than at single-
mode cores. The multimode cover provides input of pumping 
radiation in a single-mode core which is doped by ions of rare-earth 
elements. 
 

2.1. Theoretical Model 
 

In the usual solid-state laser the crystal or the glass doped by 
ions of an element which luminesces at optical excitation is used as 
the active medium. The greatest distribution was received rare-earth 
elements - Nd, Yb, Er, etc. Powerful lamps or semi-conductor 
radiators are applied to optical excitation. For generation beginnings 
the active element is located in the resonator which contained two 
mirrors - blind and translucent, - through which a radiation comes 
into light guide. Such lasers demand mirrors alignment and their 
rigid fixing. Besides, there are the problems connected with heating 
of the active medium. 

The construction of the fiber laser is essentially easier. In it an 
active element is the fiber light guide with core which is doped by 
active ions (Yb, Er, Ho, Tm, Sm, etc.) [4]. As the mirrors forming 
the resonator, are used intrafiber Bragg grating with various factors 
of reflexion which are simply welded on an active light guide. Such 
laser is pumped up by a small-sized semi-conductor radiator with a 
fiber exit which also is welded to an active light guide. Thus 
composes the compact and easy device, easy-to-work, possessing an 
effective heat extraction because of the big area of a lateral surface 
and having high quality of the output radiation, caused by 
waveguide character of its distribution. All these factors do the fiber 
laser by a reliable and stable source of radiation. 
 
2.2. Experimental stand 
 

The fiber pulsed laser offered for treatment of materials, 
operates in a pulsed and pulse-periodic mode at achievement of the 
maximum of output power. The pulsed operating mode of the laser 
is characterised by single pulses of laser radiation, the following 
one after another through short time frame. In an pulsе-periodic 
operating mode is created series of impulses with a time interval 
between series which is much more of an interval between pulses. 
 

 
Fig. 1. External view of the fiber laser. 
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The scheme of pumping up and generating modules is 

presented on fig. 2. 
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Fig. 1. The scheme of fiber laser [5]. 

1 – pumping diode; 2 – cascades of amplification; 3 – fiber 
generator; 4 – absorber; 5 – fiber Bragg gratings. 
Pulses are generated by the fiber generator 3 on a basis of 
Ho3+ - fibre with the specified frequency of repetition. Laser 
radiation of the fiber generator intensify cascades of amplification 
2. Strengthening cascades are made from two-element's optical 
Yb3+ - fibres and are pumped up by semi-conductor laser diodes. 

Realisation of the presented above scheme has allowed to 
create the fiber laser with following parameters of radiation: 

• Length of a wave of radiation – 1083 nm. 
• Average power of radiation – 3,5 ÷ 4 W (when a pumping 

current till 8А). 
• Duration of pulses – 50 ns. 
• Frequency of repetition – 40 ÷ 50 kHz. 
• The maximum energy in an pulse on an exit of a fiber 

light guide – 75 mcJ. 
• The maximum peak power of the fiber laser - 1,5 kW. 

 
3. Results and discussion 
 

Technological characteristics of the fiber laser are defined by 
parametres of generation of laser radiation. 

The oscillogram of work of the fiber laser in a pulse mode on 
fig. 3 is presented. 
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Fig. 3. The oscillogram of pulses sequence. 

 
Radiation of the fiber laser represents stable enough sequence 

of pulses of different intensity. At pumping currents more than 2 A 
occur delays of generation of the next pulse. Frequency of delays of 
generation increases in process of increase in a current of a 
pumping. It is experimentally established that the increase of a 
pumping current till 8 A have not an appreciable impact on stability 
of technical characteristics of the laser, but allows to achieve of 

considerable power in an pulse. The increase in a pumping current 
more than 8 A can lead to failure of generation. 

The structure of a separate pulse of of the fiber laser radiation 
is presented on the detailed oscillogram (fig. 4.). 
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Fig. 4. The oscillogram of a separate impulse. 

 
According to this oscillogram each pulse represents sequence of 
short-time generations. Intensity of each separate generation and on 
forward front of an pulse, and on back front of an pulse changes on 
exponential law. Duration of each generation does not exceed 
1 ÷ 2 µs. 

The spectrogram of the fiber laser radiation, which was 
received by use of spectrum analyzer YOKOGAWA, is presented 
on fig. 5. 
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Fig. 5. The spectrogram of radiation of the fiber laser. 
 

From this spectrogram is visible that the fiber laser radiates in 
narrow enough spectral wave band (<25 nm). The average wave 
length of radiation is 1082 nm. 

One of possible applications of the developed fiber laser is 
surface treatment of materials. As an example of such treatment it is 
possible to propose a manufacturing techniques and fine tunings of 
film resistors which is carried out by evaporation of a resistive layer 
at focusing on it of laser radiation.The compact sizes of the fiber 
laser and rather simple way of delivery of radiation allows to place 
in a processing zone this highly effective device directly on a 
workplace of the radio technician. 

On fig. 6 are presented results of laser pickling of a resistive 
layer on the basis of chrome silicide [6]. The width of a zone of 
pickling is about 18 mcm. 
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Fig. 6. A strip of laser pickling of a resistive layer on the basis of 
chrome silicide. 

 
By means of the fiber laser it is possible to make punching of 

sheet products from plastic. On fig. 7 are presented results of 
punching of sheet of textolite and polyethylene film which is filled 
with soot. 
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Fig. 7. Example of perforation of sheet of textolite (a) and 
polyethylene film (b) which is filled with soot. 

 
4. Conclusion 
 

Investigations of characteristics of radiation of the fiber laser 
have shown possibility of microsecond pulses obtaining with peak 
power to 1,5 2 kW. Enough stable pulse and pulse periodic 
operating modes of this laser allow to receive sustained 
performance of radiation. The high coefficient of efficiency, 
simplicity of a construction, compactness and possibility without 
difficult optical schemes to convey laser radiation to a treatment 
place do this laser as promising both for handwork, and for using 
into technological lines. 

Performance parameters of this fiber laser executed under the 
offered scheme, allows effectively to use of it in many problems of 
materials treatment. In particular, such laser can be used for 
superficial microprofiling of metallic and of nonmetallic surfaces. 
Rather effective there can be use of this laser in processes of 
microwelding and laser pickling. 
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