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In this paper, we proposed a way to realize an Er-doped random fiber laser (RFL) with a disordered fiber Bragg
grating (FBG) array, as well as to control the lasing mode of the RFL by heating specific locations of the disordered
FBG array. The disordered FBG array performs as both the gain medium and random distributed reflectors, which
together with a tunable point reflector form the RFL. Coherent multi-mode random lasing is obtained with a
threshold of between 7.5 and 10 mW and a power efficiency between 23% and 27% when the reflectivity of the
point reflector changes from 4% to 50%. To control the lasing mode of random emission, a specific point of the
disordered FBG array is heated so as to shift the wavelength of the FBG(s) at this point away from the other FBGs.
Thus, different resonance cavities are formed, and the lasing mode can be controlled by changing the location of
the heating point. © 2016 Chinese Laser Press
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1. INTRODUCTION
Random lasers (RLs) are disordered optical structures of
stimulated emission in which light waves are both multiply
scattered and amplified. Fabrication of RLs is simple and cost
effective (i.e., no fine mirrors or a well-defined cavity are
needed), especially for nanoscale structures. RLs have the
characteristics of low spacial coherence and wide emission
angle, while keeping a high Q-factor and high photon density
of state that is comparable to those of ordinary lasers [1–3].
Thus, RLs are attractive for both fundamental theoretical and
technological research and have great potential applications
in wide areas such as photonic information, imaging, and
display.

One of the main challenges in developing RLs is a lack of
ways to regulate their output (e.g., laser mode selection and
modulation), because the randomly formed feedback loops of
light are difficult to specify or access. A few groups have
attempted to tune and control RLs in different ways, such
as temperature tuning, resonance driving, variation of effec-
tive lifetime of the cavity, and choice of different pump beam
profiles [4–6]. Recent achievements of random fiber lasers
(RFLs) in low dimensional waveguides also provide fine ways
to tailor their output [7–12]. Some inherent characteristics of
fiber waveguides (e.g., slow light, tight transverse mode con-
finement, and rich interaction of inner fields) offer efficient
ways to control laser output.

As one of the three typical types of RFLs [13], an active fiber
with randommirrors of distributed or phase-shifted Bragg gra-
tings [14–17] emits coherent light with a low lasing threshold
compared with the other two types. However, such RFLs
exhibit several coherent random lasing modes, and the output
is less stable because of mode competition or cavity thermal
effect. Hence, it is important to stabilize or even to select the
emission mode of these RFLs, which is of great significance to

realize high-efficiency, mode/wavelength controllable, and
dynamically tunable RFLs.

In RFLs, passive methods such as introducing wavelength
tunable components and mixing different types of fibers
have been proposed to optimize the output characteristics.
However, these methods have less flexibility of light control.
Temperature tuning, spatial phase modulation [4–6], and so
forth have been demonstrated for actively controlling random
lasing in bulk structures. However, these active methods of
RL control have been studied less in RFLs. In one of our
recent works, an optical control method (i.e., introducing con-
trol light laterally as spatial gain perturbation) of an Er-doped
RFL was proposed to select individual modes of random emis-
sion [13]. We propose a new way to control lasing modes of
an Er-doped RFL by heating different positions of the disor-
dered fiber Bragg grating (FBG) array. Besides, a tunable point
reflector is introduced to optimize output characteristics of the
RFLs. The experimental results show that several stable lasing
modes can be selected by heating different positions of the dis-
ordered FBG array. Compared with the method of light control,
the thermal control is simpler, more cost efficient, and has a
relatively wider heating range (e.g., a large area and high power
density light beam is difficult to obtain). The proposed method
provides a dynamic and flexible means of laser mode control
in RFLs. The location dependent mode selection mechanism
could also be a potential means for laser mode switching in
applications for information optics.

2. PRINCIPLE OF OPERATION
A schematic diagram of the experimental setup is shown in
Fig. 1. A 1480 nm laser is used as the pump laser, whose output
is coupled into the gain fiber through a 1480/1550 nm wave-
length division multiplexer (WDM). The gain fiber is com-
posed of a 7 m length erbium-doped fiber (EDF), with an
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array of 20 FBGs distributed randomly at the end of the EDF.
Each of the FBGs has a reflectivity of about 4% and a central
wavelength at about 1552.5 nm. The length of each FBG is
3 mm, while the separation between two neighboring FBGs
is chosen randomly in the range of 2–8 mm. A detailed de-
scription of the disordered FBG array and the EDF is given
in [13,17]. The 1550 nm port of the WDM is connected to
a 1:99 coupler. A fiber loop mirror (formed by a 1:1 coupler)
and a variable attenuator are used together as the tunable
point reflector, whose reflectivity can be adjusted by changing
the attenuation of the variable attenuator. Output of the RFL
is monitored at Port A through a power meter or an optical
spectrum analyzer (OSA).

Through this configuration, the tunable point reflector can
form a resonance cavity with any one of the randomly distrib-
uted FBGs. Moreover, conditions of light localization are also
satisfied between the FBGs (i.e., the localization length of the
disordered FBG array is shorter than the separation between
the FBGs [13,18]). Thus, random lasing modes in the coherent
regime can be obtained when gain overcomes loss.

3. RESULTS AND ANALYSIS
A. Slope Efficiency at Different Reflectivity
First, we studied the lasing threshold and efficiency of the RFL
for different values of reflectivity of the tunable reflector, or rt.
Figure 2 gives the output–input curve of the proposed RFL.
When rt changes from 4% to 50%, the lasing efficiency (i.e.,
optical to optical) increases from 23% to 27%, and the lasing
threshold decreases from 10 to 7.5 mW. We mainly consider
the condition when rt � 4% and rt � 50%. rt � 4% corre-
sponds to the case of Fresnel reflection, which can be realized

by cutting the fiber end smoothly. rt � 50% corresponds to the
case when a loop mirror is used. From our study, the output
spectra become more stable, and the emission efficiency in-
creases when rt increases. To this end rt � 50% is preferred.
It is easy to understand that a higher value of rt is helpful to
reduce the lasing threshold as well as to increase the lasing
efficiency of the RFL, because resonance modes with higher
quality factors will be formed. As we can see from Fig. 2, the
change of laser threshold and slope efficiency is relatively
small. When the reflectivity increases, the output power does
not change much from this port, since most of the power is
reflected to the right direction.

B. Spectra of Different Reflectivity
Correspondingly, the lasing spectrum of the RFL for a fixed
value of pump power is shown in Fig. 3. When rt � 4%, as seen
in Figs. 3(a)–3(c), power distribution of the output spectrum
fluctuates randomly with time. Multiple peaks appear ran-
domly in the laser spectrum, corresponding to emission of
different localized modes in the one-dimensional (1D) disor-
dered structure formed by the FBG arrays. When rt increases
to 50%, the output becomes quasi-stable. For example, only
one peak appears in the laser spectrum, and the shape of
the spectrum keeps almost unchanged with time; see
Figs. 3(d)–3(f).

C. Influence of Temperature
To control the lasing mode of random emission, a specific
point of the disordered FBG array is heated so as to shift
the wavelength of the FBG(s) at this point away from the
other FBGs. In this way, the 1D disordered structure is ad-
justed so different modes of light localization will be formed,
giving birth to random lasing modes that are dependent on the
position of the heating point. In our experiment, an electric
iron is used as the heater, which is set with a fixed distance
to specific heating points of the fiber.

Figures 4 and 5 show the selected lasing mode when differ-
ent positions of the fiber are heated, for pump power of
67.7 mW and rt equal to 4% and 50%, respectively. We only
considered the cases when a stable single lasing mode is

Fig. 1. Schematic diagram of the experimental setup of the RFL. PM,
power meter.
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Fig. 2. Output power versus pump power for rt of 4%, 25%, and 50%,
respectively.

Fig. 3. Output spectra of the RFL measured at different times;
(a)–(c) correspond to rt � 4%, (d)–(f) correspond to rt � 50%. The
pump power is 67.7 mW.
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selected. As illustrated in Fig. 4, single mode emission with
3 dB linewidth of about 0.01 nm and peak wavelength
at 1552.448, 1552.546, 1552.490, 1552.496, 1552.522, and
1552.528 nm are obtained when the heating position is set
at 7.5, 11.2, 11.5, 12, 12.5, and 14.5 cm, respectively. It is ob-
served that some unexcited modes in Figs. 3(a)–3(c) can be
selected to emit when heating specific points of the fiber. This
indicates that the light localization changes correspondingly
with the adjustment of the disordered structure; thus, posi-
tion-dependent lasing modes can be selected.

It is worth noting that the selected mode is much more sta-
ble compared with the free running RFL (i.e., when no point of
the fiber is heated). Figure 6 shows time variation of the peak
power and peak wavelength of the lasing spectrum. It is ob-
served that fluctuations of the peak wavelength and the peak
power are less than 0.01% and 10%, respectively. Figure 7
shows variation of the peak power and peak wavelength of
the lasing spectrum in 1 h. We measure the spectra every
3 min for 1 h and obtain 20 data points. As we can see from
Fig. 7, the single mode lasing is stable, the peak power here
nearly stays unchanged, and the fluctuation of peak wave-
length is less than 0.01%.

Figure 8 shows the peak wavelength of the selected modes
as a function of the heating location. For rt � 4% and 50%, the

two curves vary randomly versus heating location; however,
they show similar fluctuations as a function of the heating
location. This verifies that the lasing wavelength is related
with the localized mode corresponding to disordered distribu-
tion of the FBGs.

Fig. 4. Output spectra of the stable and single mode emission when
heating different locations of the FBG array. In the experiment,
rt � 4% and the pump power is 67.7 mW.

Fig. 5. Output spectra of the stable and single mode emission when
heating different locations of the FBG array. In the experiment,
rt � 50% and the pump power is 67.7 mW.

Fig. 6. Peak wavelength and peak power of the selected modes ver-
sus time. In the experiment, rt � 4% and the pump power is 67.7 mW.
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Fig. 7. Peak wavelength and peak power of the selected modes ver-
sus time. In the experiment, rt � 4% and the pump power is 67.7 mW.

7 9 11 13 15

1552.44

1552.48

1552.52

1552.56

1552.6

Locations(cm)

W
av

el
en

g
th

(n
m

)

r
t
=4%

r
t
=50%

Fig. 8. Peak wavelength of the stable and single mode emission ver-
sus control location for rt of 4% and 50%, respectively.

104 Photon. Res. / Vol. 4, No. 3 / June 2016 Zhang et al.



4. CONCLUSION
In summary, we have realized an effective method to control
the lasing mode of an Er-doped RFL, wherein a disordered
FBG array is used to provide gain and random feedback.
The RFL exhibits multi-mode random lasing or single mode
lasing depending on the reflectivity of the additional point re-
flectors. By heating specific positions of the FBG array, stable
single mode lasing can be obtained. Moreover, different lasing
modes can be selected through changing the heating point
that adjusts light localization in the disordered FBG array.
This study provides an efficient method for mode stabilization
and selection of similar types of RFLs. The spatial-dependent
characteristic of mode selection also provides a potential
means of laser mode encoding/switching for optical privacy
communication or multiplexing. For this kind of laser, this
is the first time a thermal control method has been used to
select random lasing modes and realize single mode lasing.
Thermal control provides a wider heating range (or multiple
heating points), which might be used in subsequent studies for
complex mode selection of the RFL, for instance, selecting
multiple random lasing modes simultaneously or selecting a
random lasing mode that cannot be excited when only one
heating point is used.
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