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Abstract 

Approaches to development of an incoherent laser are analysed. Implementation of such a 
laser on the basis of noise-like pulse generation is discussed. Fairly high stability of the 
average out-put power in such a regime leads to contemplation of practical avenues to 
development of an incoherent laser relying on noise-like pulses. Implementation of such a 
laser on the basis of the fibre-optical platform further poses such requirements as all-fibre 
design using polarisation-maintaining fibre and adoption of alternatives to material-based 
saturable absorbers. Applica-tions are demonstrated in which an incoherent laser—a radically 
new source of optical radiation—is a requirement. Laser layouts are shown, which are close 
to the desired layout of the incoherent laser 
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Introduction 

Normally, laser radiation is highly coherent, thus leading 
to random interference of incident upon and reflected from a 
surface laser beams, which forms a typical speckled pattern 
[1]. This speckle structure is an unwanted effect in many 
cases, including applications that involve observation of an 
image illuminated by laser light (laser projection systems and 
so on [2]). A good deal of research is dedicated to reduction 
of speckle structure contrast [3–10]. Methods of contrast 
reduction may be provisionally classified into two categories: 
‘internal’ and ‘external’. The ‘internal’ methods directly aim 
to achieve low coherence of the laser radiation itself, whereas 
the ‘external’ methods are used to reduce the existing 
coherence of radiation, which are usually applied outside the 
laser source. Among the ‘internal’ methods are classed the 
ways of spectral line broadening (up to super-continuum [11, 
12]), application of random feed-back [5, 13], weakening of 
speckle pattern contrast due to polarisation and angular 
effects [14]. In the present work, we would like to draw the 

reader’s attention to still another method, which may be 
efficient in as the basis of a laser capable of producing 
speckle-free images. We refer to special generation regimes 
usually observed in fibre lasers, in which the laser emits a 
regular train of so-called noise-like pulses [15–17]. The 
appellation originated from the random envelope observed as 
a result of many sub-pulses with varying magnitude and 
duration. Essentially, each of these envelopes or pulses 
represents a unique combination of sub-pulses with random 
parameters. Despite random distribution of sub-pulses in 
each pulse of the train, the laser running in the regime of 
noise-like pulse generation exhibits rather stable average 
parameters, the instability of the output radiation power, in 
particular, not exceeding few per cent [18–21].  

 
Incoherent laser 

1.1 Structure of noise-like pulses 

Random distribution of the amplitude, duration, and 
relative delay of the sub-pulses in the train of the resulting 
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pulses exhibits a distribution of electro-magnetic field within 
each compact wave packed resembling a chaotic or noise-
like one (a typical profile of noise-like pulses is given in Fig. 
1). 

 
 
Figure 1. A typical profile of noise-like pulses. 
 
Measurement of coherent properties of these pulses [22–

24] have shown either absence or only marginal presence of 
phase relationship between the field in successive pulses. 
Qualitatively, the absence of phase correlations was 
established, though quantitative estimations of the radiation 
coherence degree have not been made to date. It is obvious 
that this coherence degree is close to zero, but works [22, 23] 
did not present estimates of its numerical value. Furthermore, 
the scope of studies did not comprehend the question of 
influence of generation parameters (especially, such as the 
type of mode locker or excess over the generation threshold) 
upon the degree of coherence. Perhaps, this influence (if it be 
found at all) will be mostly observable in the domain of low 
coherence degree, but certain conditions may lead to much 
greater degrees of coherence around ~0.5 [24]. If we choose 
to consider the conditions leading to absence of phase 
correlations between optical field oscillations in adjacent 
wave packets, they make it possible to create an incoherent 
laser. This would be a laser, in which conventional properties 
of laser radiation (high directivity and brightness) are 
combined with a quite non-laser feature of output radiation, 
virtual lack of coherence. In other words, the regime of 
noise-like pulse generation enables a new type of lasers, 
whose radiation does not produce such an undesirable effect 
as speckle interference. Development of a source of 
incoherent (or low-coherence) radiation on the basis of noise-
like pulse generation is promising because the average output 
power of such generation is rather stable despite chaotic 
distribution of the optical field within each wave packet. 
 
1.2. Laser radiation without specles 
 

      Laser sources of incoherent radiation are radically new 
sources of optical radiation combining the radiation 
properties conventionally associated with lasers (high 
directivity, high intensity, ultra-short light pulses) with those 
generally inherent in light sources lacking any correlation 
within the light field (such as incandescent sources, LED, 
spontaneous radiation). Laser sources of incoherent or low-
coherence radiation are needed in a host of applications 
where unwanted interference caused by radiation coherence 
may adversely impact the result of using laser radiation. 
Among these applications one finds laser projection systems 
(‘laser television’, elimination of speckle noise from 
diffusively scattered coherent radiation), many modes of 
material processing (removal of light field modulation 
arising from mutual interference among many components of 
coherent radiation), many bio-medical applications 
(reduction of interference in coherent radiation scattered 
from rough surface of skin or within a solid volume), and so 
forth. Development of new radiation sources demanded by 
the user community (laser sources of incoherent radiation) 
opens up the way to perfection of many heretofore existing 
technologies and to introduction of new ones. 
 
1.3. Configurations for noise-like pulse generation  
 
Among the simplest ways of producing noise-like pulses, one 
may use relatively long resonant cavities (hundreds of metres 
or even exceeding a kilometre) [18, 25–28] and the effect of 
non-linear polarisation evolution [29] for laser mode locking. 
Elongation of laser cavities may have stemmed from the 
desire to intensify non-linear effects [30] and, most certainly, 
to raise the pulse energy [31, 32]. Impracticality of this 
method for generation of noise-like pulses arises from the 
need to use radiation polarisation controllers, which latter, 
implemented as fibre-optical components, require monitoring 
of the output radiation and lack stability (due to plastic 
deformation of quartz, etc.), whereas implemented with 
discrete elements also require monitoring of the output 
radiation and additionally break the all-fibre concept. It must 
be noted here that the first noise-like pulses were also 
generated in comparatively long cavities, but in those days 
the term ‘long cavity’ was used to designate lengths of the 
order of 10 m [15]. Nevertheless, numerous later 
implementations of such a generation regime have shown 
that the correspondingly greater values of dispersion or 
birefringence do not play a major role in generation of noise-
like pulses, and they began to be produced in rather short 
cavities mode-locked due to other mechanisms of artificial 
saturation of absorption [33-39]. Some time ago, research 
was undertaken in order to find out whether noise-like pulses 
might have giant chirp [26] and their compression might be 
possible [40]. It was established that sub-pulses of noise-like 
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pulses do not have giant chirp and, therefore, noise-like 
pulses are not amenable to significant compression [41]. 

 
1.4. Control of the noise-like pulse content 
 

Even though in general the filling of noise-like pulses is 
quite chaotic [42], the degree of this chaos may, nevertheless, 
be amenable to adjustment [19, 22, 43–46]. Of course, the 
degree of radiation coherence arising from phase 
relationships among the optical field oscillations in adjacent 
pulses lies within the ~0–0.5 range, i.e. comparatively low, 
but minimisation of this correlation leads to the goal of lasers 
producing incoherent radiation. It should be pointed out that 
in the above-mentioned publications there is no universal 
element for ‘adjustment’ of the coherence degree of noise-
like pulses. Different configurations implement this 
adjustment in different ways. Controllers of radiation 
polarisation used in some of these configurations cannot 
perform such a function because their settings practically 
cannot be reproduced, their other drawbacks listed earlier on.  
Furthermore, because the stated (or analysed) goal is to 
minimise the total radiation coherence, solutions are used 
that minimise not only the temporal, but also spatial 
coherence of generated radiation [47]. Also, for user 
convenience, such sources are preferably implemented as all-
fibre systems [48], which, in its turn, complicates the task of 
adjustment and minimisation of the output degree of 
coherence. It is important to mention that the problem of 
precise control over exceptionally complex dynamics of the 
fine internal structure of noise-like pulses is far from trivial 
and still remains be solved in the general case. 
 
1.5. Configurations producing noise-like pulses that may 

become the foundation of the incoherent laser 
 

      Quite a number of various configurations for generation 
of noise-like pulses have been to date explored, but not  
every one of them could expand beyond the laboratory and 
become the base of a new commercial product. First of all, 
those of them are preferred, of course, which may be 
implemented as all-fibre layouts. In developing a source of 
noise-like pulses, it is a natural desire to retain all the 
advantages brought by all-fibre lasers. Secondly, in cases 
where the laser optical train is made of polarisation-
maintaining fibre, it is possible to avoid fibre-optical 
polarisation controllers (their problems were discussed in the 
foregoing sections) and thereby significantly reduce the 
effect of the ambient conditions on the laser output 
properties. Third, ruling out material-based saturable 
absorbers in favour of their artificial counterparts prolongs 
quite substantially the system’s lifetime. Additionally, the 
properties of artificial absorbers may be electrically 
controlled. Selection of possible configurations according to 

these three considerations produces, as a first approximation, 
the configurations presented in [20, 21, 37], but they do not 
allow any interactive control over the radiation coherence. 
 
Conclusion 
 
      The presented analysis of ways to development of an 
incoherent laser has shown that such a laser may be 
implemented on the basis of generation regimes producing 
noise-like pulses. Noise-like distribution of amplitude, 
duration, and relative delay of sub-pulses in the output pulse 
train breaks phase relationships among the optical field 
oscillations in neighbouring wave packets. All-fibre 
configuration solutions for noise-like pulse generation have 
already been demonstrated that use polarisation-maintaining 
fibre and artificial saturable absorbers for passive mode 
locking. However, the problem of live control over the 
relatively low coherence degree of noise-like pulses remains 
still to be solved. Perhaps, this problem may be solved with 
the help of absorbers featuring electrically adjustable 
properties [49]. 
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