Proceedings RANDFIELD EU FP7 IRSES Workshop, 2012, Mons

Broadly Tunable Random Fibre Laser
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We studied tunable random fiber laser where optical fiber is treated as a natural one-
dimensional random system generating laser due to a combination of Rayleigh
scattering by refractive-index inhomogeneities and distributed amplification through the
Raman effect. The laser showing a uniquely flat output power tunable over a broad
wavelength range and efficiency outperforms traditional lasers of the same category.
For ring cavity a high-efficiency broadly tunable laser with a wavelength range 1525-
1600 nm is achieved. The simplicity of the scheme and outstanding characteristic make
the demonstrated laser a very attractive light source both for fundamental science and
practical applications.

Introduction

Random lasers operating without traditional cavity are demonstrated in a number of
configurations [1-5]. In a standard laser scheme an optical cavity is usually formed by
highly-reflecting mirrors, thus providing a positive feedback at multiple round trips of
the light through the gain media. Typically, operational characteristics of conventional
lasers depend on the resonator design that defines the structure of laser modes. On the
contrary, in random lasers without well-defined cavity the multiple scattering of photons
in an amplifying disordered medium increases the effective optical path, resulting
eventually in lasing. The output characteristics of random lasers are shown to be
determined by the randomly embedded local spatial modes that may coexist with non-
localized extended modes [6]. Recently, we demonstrated a novel class of one-
dimensional random lasers exploiting the intrinsic disorder of the fibre glass structure
[7]. The refractive index in the core of standard telecommunication fibre has submicron-
scale inhomogeneities, which are randomly distributed along the fibre. Ppropagating
light experiences Rayleigh scattering (RS) on these inhomogenities [8] resulting in light
attenuation. In the random laser considered here we take advantage both of light wave
guiding in a fibre and of the random Rayleigh scattering that typically is a non-desirable
effect in fibre devices. The important feature of random fibre laser [7] is that the weak
randomly backscattered radiation may be amplified through the Raman effect during
propagation in a long fibre waveguide thus providing feedback sufficient for lasing. In
this paper we demonstrate a tunable random fibre laser outperform characteristics of the
conventional Raman fibre lasers with linear cavity formed by point-action reflectors in
the same fibre. Compared with ring cavity the developed laser has much better flatness
of the tuning curve in wavelength range around 1550 nm.

Experimental set-up

Figure 1 illustrates the scheme of the proposed tunable random distributed feedback
(RDFB) fibre laser. The important difference to the basic scheme of RDFB fibre laser
described in [7] is that the fibre pigtailed tunable filter is introduced in the centre of the

scheme. The symmetric configuration with two spans of standard single mode optical
fibre (SMF-28) of total length L= 2x21 km = 42 km was used as a random laser medium
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to provide maximum output power. The fibre has a loss coefficient o~ 0.045 km™
(0.2dB/km) in the transparency window of silica glasses around 1550 nm. Two equal-
power 1455-nm pumping waves are coupled at the centre through 1450/1550-nm
couplers in opposite directions, thus providing distributed Raman gain with coefficient
gr ~ 0.39 km'W™! at ~1555 nm. The tunable bandpass filter connected between the
couplers acts as a wavelength selective element that can be tuned over the telecom range
1530-1570 nm. The transmission spectrum of the filter is ~1.5 nm FWHM and insertion
loss is ~ 2 dB. Angled cleaves were used at the fibre end facets to eliminate Fresnel
reflection and ensure that the feedback was due to the Rayleigh scattering only.
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Figure 1 Experimental set-up

Results

Figure .2a shows the out power measured at the left end while tuning the filter at
different total pump powers. Near the threshold, the tuning curves nearly copy the
Raman gain spectrum with two maxima at 1555 and 1565 nm. With increasing pump
power, the tuning range broadens and the tuning curve becomes more flat. At total
pump power of 6 W, the laser output power becomes constant with accuracy around 3%
for all wavelengths in the range 1535-1570 nm that is much better than that in
conventional laser cavity in the same fibre. Figure.2b shows variation of the laser
output spectrum at the tuning for constant pump power of 6W. The generated laser
spectra are nearly the same being ~50 dB above the noise level for all wavelengths
except the shortest one: when the filter is far away from the Raman gain maximum.
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Figure 2 a) Tuning range for different total pump power in linear scale; b) Spectra at different
wavelengths are shown at total pump power 6W

Corresponding power dependence at fixed wavelength is shown in Figure 3. At the
threshold the generation is unstable as a result of cooperative Rayleigh-Brillouin
scattering [9]. When the pump power is increased well above the threshold the laser
starts to operate in the quasi-CW regime (constant in ps scale and 10% rms noise in
nanosecond scale) with increasing output power nearly proportionally to the pump
power. We perform a direct comparison of the RDFB laser with the conventional
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Raman laser with linear cavity formed by broadband 4% reflection from the normally
cleaved fibre ends. For the cavity with 4% reflection the threshold is lower, but at high
pump power the RDFB fibre laser reaches 2-times higher output power than 4% cavity
amounting to ~1.1x2=2.2 W output power from two ends with ~30% differential
efficiency. The measured laser output spectrum copies the filter transmission near the
threshold (with ~1.5 nm FWHM), but broadens with power, see Figure 3b. Note that the
top part of the spectrum remains nearly the same while exponential wings grow with
increasing powers, similar to the spectral broadening in conventional Raman fibre laser
defined by turbulent-like nonlinear interactions of multiple cavity modes[10]. The
principal difference between the random cavity and conventional cavity is seen in the
radio frequency spectrum, see inset in Figure 3b. For a conventional fibre Raman laser a
clear mode structure with spacing ¢/2Ln ~2.4 kHz corresponding to the round trip in the
cavity with length L=42 km was observed, as opposed to the random fibre laser where
no mode beatings are seen. Thus, the developed tunable random fibre laser exhibits
high-efficiency generation with narrow spectrum, quasi-CW output power with high-
frequency intensity fluctuations having Gaussian probability density function, just like
conventional fibre laser. At the same time, it has principal distinctions, namely
modeless spectrum, much higher output power and outstanding flatness of the tuning
curve.
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Figure 3a) Left output power is illustrated as a function of the total input pump power P=2Pin,
b) Spectra for wavelength 1562.5nm at different total pump power, Inset. Random DFB tunable fibre
laser radio frequency spectrum

Extending the tuning range

The following figure shows the experimental configuration where a ring laser is used
and the tunable filter is introduced to select the wavelength. The output is measured
through 1% coupler after the fiber, TrueWave fiber with a length of 10.5km, which is
pumped by 1455nm laser. The inset of figure 4 shows the tuning range at pump power
of 2W. The laser is tuned from 1525 to 1600nm with power variation <2dB. The output
power is increased as we change the wavelength until the maximum power was
achieved around wavelength 1570nm at that pump power. Note that not only the peak
power is changed but also the optical signal to noise ratio (OSNR) as well. The
maximum OSNR, 40dB, at wavelength 155Inm and minimum OSNR, 25dB, at
wavelength 1518nm are achieved, see figure 4b which presents the spectra for selected
wavelengths showing different OSNR.
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Figure 4a) Experimental set-up for extending tuning range using TWF in ring configuration

b) Optical Spectra for different wavelength at the same pump power showing the difference in OSNR.

Conclusion

We have demonstrated tunable random fibre lasere with outstanding characteristics and
rather simple design solution albeit rich and complex underlying physical mechanisms.
The demonstration of high-power random fibre laser with broad-range flat tuning at
very good spatial and spectral performance efficiency represents a significant milestone
for random laser science and adds a new dimension to the applications of disorder-based
light sources. The demonstrated laser presents a new object for fundamental research as
well as a practical device with high performance and simple design implemented in
standard optical fibre offering new applications in optical communication, sensing and
secure communications.
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