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A B S T R A C T   

It is an obvious trend that more and more technology devices are approaching the stage of computer-controlled 
black box, and lasers cannot escape this either. Generally, users do not want to understand the operation of a 
black box. They just want to set the output radiation parameters through their computer and have a magic black 
box deliver the desired radiation. In addition, they expect this technology to be reliable and inexpensive. The 
most fitting laser platforms for this type of technology are semiconductor and fibre-optical, which do not require 
optical alignment of laser cavities and have been performing very well in a numerous applications. Here, we 
analyse the fibre laser platform from the viewpoint of using it as a base for implementation of a “dream pulsed 
laser” and discuss limitations and prospects of such implementation.   

1. Introduction 

It is impossible to make a single universal laser for all needs. Many 
problems that have been studied for years (or even decades) require very 
specific optical radiation with well-defined parameters. For example, 
welding of car bodies calls for a particular laser, whereas fibre Bragg 
gratings are fabricated with a widely different type of laser, etc. In this 
discussion, we try to understand how far it may be possible to extend the 
capabilities of the fibre-optical platform to implement a laser combining 
alignment- and maintenance-free operation with convenient electronic 
control of the output parameters. 

A small “black box” connected to a portable computer or a mobile 
device, from which a simple interface allows setting the average output 
power (or the peak pulse power), wavelength and/or pulse duration 
looks already like the “dream pulsed laser” (Fig. 1) whose parameters 
may be adaptively set to the requirements of your new projects. It could 
also have a touch screen on the black box itself or on a separate elec-
tronic control unit linked to the laser head either with a cable or 
wirelessly. 

For continuous-wave output, such dream lasers already exist as solid- 
state pump lasers [1], fibre [2], or think-disk [3] lasers, all widely 
employed in industry. In contrast, pulsed laser systems, and short-pulsed 
ones (fs, ps) in particular, are considerably more complicated (due to 
more involved method of short pulse generation, modification of the 
laser cavity properties caused by variation of pump radiation power, etc. 
[4]). Therefore, the “dream pulsed laser” is still at the development 
stage, and this stage has now been dragging on for many years. It will not 
be an overstatement to say that all modern laser design and manufacture 

has a firm trend to black-box implementation—there are fewer and 
fewer customers willing to put up with manual knob adjustment and 
optical element cleaning. Researchers come to expect from light sour-
ces—lasers—the same convenience as offered by other energy sources, 
such as power supplies or electric signal generators. They demand 
compact dimensions, high efficiency, and trouble-free operation. It was 
the modern pumping lasers [5], usually solid-state-based and very close 
to the black-box or “dream laser” concept, that have set a new point of 
reference for light sources. One of the fundamental inconveniences of 
these light sources comes from their quite constrained live parameter 
adjustability. In essence, these pump lasers only allow adjustment of 
their output power, the other parameters, such as wavelength, remain-
ing fixed. Cavity configurations of these lasers are often quite compli-
cated [6], maybe as complex as those of the lasers, which they are 
supposed to pump. 

Quite naturally, an effort was started to develop such a black-box or a 
“dream laser”, in which there would be at least two adjustable radiation 
parameters, output power and wavelength. For the moment, this may be 
sufficient for continuous-wave sources. In comparison, a “dream pulsed 
laser” would need at least 4 or 5 adjustable parameters: average output 
power, wavelength and duration of output pulses, repetition rate (or 
energy parameter of pulses), pulse shape, structure, and so on. 

2. Basic platform of the “dream pulsed laser” 

It is obvious that the market goal for a laser would be a low-cost 
device with unlimited service life and broad functional capabilities 
that does not require servicing and special user qualifications. Such laser 
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types as gas or dye lasers can hardly fulfil these expectations, these 
technologies are receding into the past. Solid-state laser technologies are 
more modern and better correspond to the mentioned requirements. 
They may be implemented both in classical volumetric solid-state con-
figurations, semiconductor-based lasers, or fibre lasers. The two former 
laser types may need very little maintenance and user qualification (for 
instance, a laser pointer or a laser diode). However, lasers with short or 
ultra-short cavities suffer from narrow functional capabilities (low vol-
ume imposes significant limitations on the devices and methods of 
control over radiation parameters). Larger cavity volume (such as in 
classical volumetric solid-state lasers) leads to additional requirements 
to servicing and user qualification. Fibre lasers appear more suitable as 
the basis of the “dream pulsed laser” since they are capable of meeting 
most of the requirements to a modern source of short-pulsed radiation. A 
problem still remains, however, in relation to controllability of their 
parameters (ideally, with electronic means). Nevertheless, compara-
tively long cavities of fibre lasers raise hopes that this problem may be 
solved in the foreseeable future. Let us consider the possible ways of 
resolving the problem of control over the radiation parameters of short- 
pulsed fibre lasers. 

We should also point out the drawbacks of the fibre technology as the 
basic laser platform. First of all, the cost of such platform will scarcely be 
low because the foundational pieces of this technology are difficult (or 
expensive) to develop in house, whereas their connection and assembly 
requires specialised expensive equipment. Secondly, although the fibre 
optical technology removes the need for servicing of lasers (no optical 
surfaces to clean or align, etc.), it also takes away in most cases the 
possibility of in-house repairs (since, again, the same type of specialised 
equipment is required). Therefore, the fibre-optical platform is by no 
means ideal in all respects, but it suffers from fewer drawbacks than 
other platforms. 

3. Results 

The existing methods make use of electronically controllable action 
upon the laser cavity fibre relying on two general methods: “internal” 
and “external” (Fig. 2). 

Among the methods of “external” action on the fibre are not only 
mechanical and thermal effects (fibre tension and torsion [7,8], in 
particular adjustment of the fibre dispersion when the period of a Bragg 
grating recorded in the core changes, etc. [9]), but also methods of 
adjustment of two and more pump radiation sources [10–12]. The 
problems of “external” action on the fibre consist in that adjustment of a 
single control parameter may lead to a) modification of several output 
radiation parameters (variation of the pulse peak power may result in 
changed duration or wavelength, in particular due to generation of the 
Raman component) and b) shifting of the generation regime, for 
example, leading to generation of multi-bound waves. Here we are not 
discussing CW tandem pumping [13] (which enables strong suppression 
of ASE) for establishment of uniform gain, even though this approach 
may be profitable for development of the “dream pulsed laser”. We 
concentrate, instead, on more straightforward approaches allowing 

relatively simple computerised control of the radiation parameters of the 
black box. 

As it was mentioned earlier, “external” action on fibre is generally 
non-trivial, that is adjustment of one “external” parameter may produce 
not only variation of a single target radiation parameter, but also 
simultaneous variation of multiple parameters or even modification of 
the generation regime. Naturally, this complicates development of the 
“dream pulsed laser” technology. This circumstance, in addition to the 
general lack of development of fibre-optical technologies themselves, for 
the moment delays attainment of the “dream pulsed laser”. 

The general state of matters related to “internal” action is similar to 
that of the “external” methods, even though there exist isolated exam-
ples of pointed “internal” action [14]. 

We deliberately avoid research that relies on fibre-optical polar-
isation controllers [15 and many others] since their settings are, as a 
rule, unique and not repeatable in conventional laboratory conditions. 
Furthermore, fibre-based polarisation controllers exhibit noticeable 
drift of their parameters (arising from glass plasticity) and therefore are 
not very suitable for commercial products. Correspondingly, it is un-
likely that the “dream pulsed laser” could rely on fibre-optical polar-
isation controllers and use approaches involving them. 

As it was mentioned earlier, “external” action on fibre is generally 
non-trivial, that is adjustment of one “external” parameter may produce 
not only variation of a single target radiation parameter, but also 
simultaneous variation of multiple parameters or even modification of 
the generation regime. Naturally, this complicates development of the 
“dream pulsed laser” technology. This circumstance, in addition to the 
general lack of development of fibre-optical technologies themselves, for 
the moment delays attainment of the “dream pulsed laser”. 

The general state of matters related to “internal” action is similar to 
that of the “external” methods, even though there exist isolated exam-
ples of pointed “internal” action [14]. 

We deliberately avoid research that relies on fibre-optical polar-
isation controllers [15 and many others] since their settings are, as a 
rule, unique and not repeatable in conventional laboratory conditions. 
Furthermore, fibre-based polarisation controllers exhibit noticeable 
drift of their parameters (arising from glass plasticity) and therefore are 
not very suitable for commercial products. Correspondingly, it is un-
likely that the “dream pulsed laser” could rely on fibre-optical polar-
isation controllers and use approaches involving them. 

Technologies of selective parameter adjustment appear to be a 
promising field of research and development on the way to the “dream 
pulsed laser”. As we demonstrated earlier, these technologies fall into 
two categories, whereas they should provide (ideally) independent 
control over 4 or 5 radiation parameters. This means that for indepen-
dent variation of a few pulse’s parameters must be used standby of some 
technology or standby of both technologies. In general, one type of ac-
tion (‘internal’ or ‘external’) may be used to control one output 
parameter. This means that for independent variation of a few pulse’s 
parameters, some additional action technologies must likely be used. In 
approaching the “dream pulsed laser”, the convenience of fibre-optical 
technology turns into an inconvenience (hopefully, temporal) of the 

Fig. 1. “Dream pulsed laser” concept.  
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means of laser automation. The recent efforts at “teaching” something to 
such lasers [16–18] have so far been limited to getting, with computer 
aid, at least something useful, however little, from these lasers, which 
don’t work well with manual control. In our view, this is not the right 
way towards the “dream pulsed laser”. 

It must be mentioned that solving the problems of control over the 
radiation parameters of short-pulsed fibre lasers leads to the opposite 
situation. On the one hand, it is convenient that the radiation source is 
implemented as a black box that does not need servicing, does not allow 
any internal access, and requires no knowledge of its components. On 
the other hand, however, its radiation parameters should be variable 
within broad limits, which means that access is required at least to the 
intra-cavity radiation. Control over certain radiation parameters of fibre 
lasers (wavelength [19–21], pulse duration [21], and so forth) has 
already been implemented. The question is how to control all the radi-
ation parameters (or, at least, the majority) in a short-pulsed fibre laser. 
And this control should be electronic, flexible, and preserving all the 
advantages of the fibre-optical technology. 

Turning to the practical aspects, it should be noted that the ‘internal’ 
action is effected primarily through elements integrated into an all-fibre 
platform. These are elements optically interfaced with fibre and having 
their volumetric counterparts (birefringent filters, Fabry-Pérot étalons, 
and so on). They directly affect the laser radiation contained in the fibre 
core. Direct interaction of such elements with the optical wave propa-
gating along the fibre is an efficient way of control over the laser’s 
output radiation parameters. If the properties of those elements may be 
modified by electrical signals, it is possible to implement electronic 
control of the output radiation parameters. This method of control is 
actively developed in parallel to the development of fibre laser tech-
nologies. The ‘external’ action methods (for example, through the fibre 
cladding) are currently less advanced. Among those in use to-day, one 
could mention polarisation controllers (fibre torsion and bending result 
in variation of radiation polarisation), as well as the methods relying on 
evanescent field interaction with various elements (these latter require 
violation of the total internal reflection, — as a rule, only slight, through 
D-shaped fibre configuration). Mechanical action on the fibre cladding 
aimed at modification of radiation polarisation inside the core is a 
simple and popular method. But, first of all, it does not fit all lasers, and, 
secondly, it cannot be reliably implemented with electronic control. 
Methods based on evanescent field are more promising, but at the same 
time more difficult due to requirement of fine processing of fibre. The 

potential held by the evanescent field methods of control over the ra-
diation parameters is relatively narrow, but progress is likely in this 
field. 

4. Conclusions 

In this discussion we use the term “dream pulsed laser” to describe a 
pulsed source of laser radiation whose parameters are adjustable within 
broad limits by electronic means for various research and development 
tasks. Narrow long-term applications do not practically need a universal 
radiation source, which also happens to provide radiation parameters 
they require. Therefore, we primarily contemplate the creation of a 
“dream pulsed laser” designed for scientific applications. Any laboratory 
would be quite happy to supplement its set of tools with a “dream pulse 
laser” whose output pulse parameters could be broadly varied. The fibre- 
optical technology appears the most advantageous in approaching this 
goal despite fact that automation of such lasers fit for the “dream pulsed 
laser” concept is currently at the stage of trial and error rather than 
complete solution. The more interesting are both the problem itself and 
the methods used to approach it. 

It follows from the analysis that the fibre-optical technology has both 
its strong and weak points. Both arise from the ‘closedness’ of this 
technology, which is convenient from the viewpoint of practical oper-
ation, but inconvenient from that of external (desirably, electronic) 
control of radiation parameters. Nevertheless, methods of radiation 
parameter control in fibre lasers are being advanced through both ‘in-
ternal’ and ‘external’ types of action upon the radiation of these lasers. It 
is pertinent to draw the reader’s attention both to limited character and 
narrow possibilities of the ‘external’ action methods and to their sig-
nificant potential. 

Turning back to the title of this work, it is important to understand 
that although up to this moment, the fibre-optical technology comes the 
closest to become the base platform of the “dream pulsed laser”, the 
corresponding available choice of electronic methods of broad-range 
action upon the radiation is quite limited and certainly does not come 
close to the ‘dream’ part in “dream pulsed laser”. In relation to short- 
pulsed technologies, it is important to bear in mind that the technol-
ogy of these lasers is still at the development stage and the best solutions 
may still be some way in the making. 

Fig. 2. “External” and “internal” action on a fibre.  
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