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A multi-wavelength bidirectional Brillouin-erbium fiber ring laser with switchable Brillouin frequen-
cy spacing (BFS) is proposed and experimentally demonstrated. In the presented Brillouin-erbium 
ring laser, including an optical amplifier and a highly nonlinear fiber, and without any optical iso-
lator, due to Rayleigh scattering, stimulated Brillouin scattering, and cascaded four-wave mixing 
initiated successively by the Brillouin pump (BP) light, the odd- and even-order Stokes lines are 
generated and circulate in the opposite direction in the ring cavity. The BP light and Stokes-induced 
Rayleigh backscattering light also simultaneously circulate in the ring cavity. Only by adjusting 
BP power, the gain competition between Brillouin based Stokes and cavity modes’ oscillation 
can be controlled, the laser output can be conveniently switched between single BFS and odd- or 
even-order double BFS. In addition, under the certain BP power conditions, the proposed multi-wave-
length Brillouin-erbium fiber laser also can realize switchable odd- or even-order Stokes generation 
and Stokes generation with single BFS, with an increasing wavelength number in turn, only by sim-
ply adjusting pump power of the erbium-doped fiber amplifier. Stability and wavelength tunability 
of the proposed multi-wavelength bidirectional Brillouin-erbium fiber ring laser are also investi-
gated, respectively. 

Keywords: Rayleigh scattering, stimulated Brillouin scattering, four-wave mixing, lasers and laser optics. 

1. Introduction 

Multi-wavelength fiber lasers (MWFLs) have attracted extensive attention due to their 
potential applications in various fields, such as optical communications [1], optical fiber 
sensors system [2], microwave signal processing [3], and so on. In order to achieve multi 
-wavelength lasing, a variety of filters is incorporated into MWFL such as Fabry–Pérot 
filter [4], fiber grating [5], Mach–Zehnder interferometers [6], nonlinear optical loop 
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mirror [7], Lyot–Sagnac filter [8], and so on. One of the viable approaches to achieve 
low-cost multi-wavelength lasing is utilizing stimulated Brillouin scattering (SBS) in 
the fiber. Multi-wavelength Brillouin fiber lasers (MBFLs) take advantage of Rayleigh 
backscattering from Brillouin gain medium itself, a Doppler frequency shift that is in-
troduced when the Brillouin pump (BP) light is backscattered by a moving acoustic 
wave, which cause the frequency downshift of the Stokes light [9]. As a result of this 
feedback-seeding, multiple Brillouin–Stokes (BS) lines can be generated successfully. 
The amount of the Stokes frequency shift is determined by the speed of the acoustic 
wave in the fiber core, and it is typically around 10 GHz for silica-based fibers. 

Owing to several important advantages including free filter, stable output, low 
threshold power, narrow linewidth and equal wavelength spacing, MBFLs have been 
extensively investigated. For example, a broadband MBFL with an operating wave-
length range of 1500–1600 nm and a frequency separation of ~9.28 GHz based on four 
-wave mixing (FWM) in a dual MBFL cavity was reported [10]. A simple way was pro-
posed to generate a double-Brillouin-frequency spaced multi-wavelength. This struc-
ture utilizes the reflection property of an isolator (ISO) and fiber loop mirror to allow 
the light to be absorbed twice and thus only even Stokes waves in clockwise direction 
are generated [11]. A MBFL with triple Brillouin frequency spacing (BFS) by employing 
a modular structure was proposed and experimentally investigated [3]. However, the 
Brillouin frequency intervals generated by these methods are fixed and cannot be flex-
ibly adjusted, they will be limited in many practical applications. Therefore, some meth-
ods for adjusting frequency spacing of multiple Stokes lights have been reported. For 
example, a hybrid Brillouin-thulium MWFL with switchable spacing, corresponding 
to the single and double BFS at 2 µm Brillouin-thulium fiber laser cavities was reported 
in [12]. A novel tunable MBFL with switchable frequency spacing by using optical 
gain and absorption during the SBS process was reported [13]. A method for obtaining 
frequency-spaced switchable MWBFL corresponding to single, double, triple and 
quadruple Brillouin frequency shifting by cascading a multiple Brillouin gain fiber was 
demonstrated [14]. 

Due to weak distributed feedback, the number of generated Stokes lines in MBFLs 
is usually relatively limited. One solution is that another gain medium is considered 
to incorporate into laser cavity to compensate cavity loss and improve performance 
of MBFL. The combination of SBS and another gain mechanism have been realized in 
different hybrid cavity structures such as the multi-wavelength Brillouin-erbium fiber 
lasers (MBEFLs) [15–17], multi-wavelength Brillouin-thulium fiber lasers (MBTFLs) 
[18–20], multi-wavelength Brillouin–Raman fiber lasers (MBRFLs) [12, 21], and so on. 

In this paper, we propose and experimentally demonstrate a simple method to gen-
erate multiple Stokes sequences with switchable frequency spacing. Multi-wavelength 
lasing with single BFS, odd-order or even-order double BFS can be conveniently 
achieved, only by adjusting BP power. When a continuous wave (CW) as BP is injected 
into a bidirectional ring cavity including an optical amplifier and a highly nonlinear fiber 
(HNLF), Rayleigh scattering (RS), SBS and cascaded four-wave mixing (CFWM) ef-
fect are inspired by the BP light, and the gain competition between Brillouin based 
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Stokes and cavity modes’ oscillation are also stimulated successively. The odd- and 
even-order Stokes waves circulate in opposite directions within the ring cavity, mean-
while, the corresponding Rayleigh backscattering for these Stokes waves is also excited. 
When the BP power is sufficiently strong, the power of generated Stokes is relatively 
high, which makes the optical amplifier in the ring cavity being in deep saturation state, 
and these weak Rayleigh back light is suppressed. So, the odd- and even-order Stokes 
lines with double BFS are generated in the counterclockwise and clockwise direction 
of the ring cavity, respectively. When the BP power is reduced, the power of generated 
Stokes decreases, and an optical amplifier gradually recovers from a deep saturation 
state. When these weak scattering lights get enough gain and are amplified to be close to 
or equivalent to the power of the odd- and even-order Stokes in the optical amplifier, the 
Stokes lasing is switched from double BFS to single BFS. The influence of the BP pow-
er and pump power of erbium-doped fiber amplifier (EDFA) on Stokes generation from 
MBEFL is also investigated, respectively. In addition, under the certain BP power con-
ditions, the proposed MBEFL also can realize switchable odd- or even-order Stokes 
generation or Stokes generation with single BFS, with an increasing wavelength num-
ber in turn, only by simply adjusting EDFA pump power. In the stability test for the 
system output, low fluctuation of less than 1.80 dBm within 60 minutes demonstrates 
that the proposed MBEFL has a good stability. When the BP wavelength is tuned within 
a range of about 7 nm from 1557.075 to 1564.073 nm, stable and clear MBEFL output 
still can be obtained, and we believe that the range of wavelength tuning can be in-
creased by optimizing the system structure. 

2. Experimental setup and principle 

Experimental setup of the proposed MBEFL is illustrated in Fig. 1. A CW emitted from 
a tunable laser source (TLS), with a full width at half maximum (FWHM) linewidth 
of 1 MHz, through an ISO and polarization controller (PC1), is injected into the Brillouin 
-erbium ring cavity via 10% port of an optical coupler (OC1). ISO prevents optical 
feedback from entering the TLS. PC1 is used to adjust polarization state of the BP light 
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Fig. 1. Experimental setup of the proposed multi-wavelength Brillouin-erbium fiber laser with switchable 
frequency spacing, TLS: tunable laser source, ISO: isolator, PC: polarization controller, OC: optical cou-
pler, WDM: wavelength division multiplexer, EDF: erbium-doped fiber, HNLF: high nonlinear fiber. 
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sent to the ring cavity. A segment of 1-meter long erbium-doped fiber (EDF) with ex-
tremely high doping concentration (Liekki Er110, absorption of 110 dB/m at 1530 nm) 
and pumped by a 980 nm laser diode delivering maximum output of 700 mW, with the 
help of a 980/1550 nm wavelength division multiplexer (WDM), provides a relatively 
high gain and self-lasing threshold. A segment of 1-km length HNLF with the nonlinear 
coefficient of ~10 W–1km–1, a zero-dispersion wavelength of ~1550 nm, and a dispersion 
slop of 0.03 ps/nm2/km serves as the Brillouin gain medium to induce RS, SBS and 
CFWM effect for creating a broadband multi-wavelength lasing. The ratio of the OC2 
is 10:90 and its 10% ports are used as the output ports, and the remaining 90% of energy 
is kept in the ring cavity. The output spectrum was analyzed by using an optical spec-
trum analyzer (OSA, Anritsu MS9740A) with a minimum resolution of 0.03 nm. 

The proposed MBEFL is mainly based on RS, SBS and CFWM effect in the Brillouin 
-erbium ring cavity. When the BP light transmits forward in HNLF, RS random feed-
back is caused. SBS strengthens these feedbacks and stimulates FWM to expand the 
Stocks spectrum. During the SBS process, the interaction of the BP and Stokes wave 
in the HNLF can be described by the coupled intensity differential equation, 

dIP gB----------- = – ----------- IP IS – α IP (1)
dz Aeff 

dIS gB----------- = – ----------- IP IS + α IS (2)
d IP Aeff 

where IP represents intensity of the BP, z is propagation axis along the fiber, gB is 
Brillouin gain coefficient, Aeff is effective core area of the HNLF, IS represents intensity 
of Stocks waves and α is optical attenuation coefficient along the HNLF. By solving 
these coupled equations using the shooting method [22], it is found that intensity of 
the generated Stocks waves will grow exponentially from the far end to the near end 
of the HNLF as 

 gB P0 Leff   =   exp ------------------------- (3)IS 0 IS L   
– α L Aeff  

where P0 = IP(0)Aeff , and P0 is input pump power, L and Leff are length and effective 
length of the HNLF, respectively. In practice, IS(0) and IS(L) are established by Stocks 
photon from noise or spontaneous Brillouin scattering occurring throughout the fiber 
length. In general, SBS threshold is defined as the input pump power at which the back-
ward scattered Stocks power becomes equal to the pump power at the fiber output [17], 
which can be expressed as 

21 Aeff α 
= -------------------------------------------------- (4)Pth 

gB 1 – exp –α L 
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Fig. 2. The illustration of stimulated Brillouin scattering and multiple four-wave mixing processes within 
the Brillouin-erbium ring cavity observed from the counterclockwise direction (a) and from the clockwise 
direction (b). 

When generated Stokes waves loop in the ring cavity, the effective length for interac-
tion between the pump and Stocks waves is extended. According to Eq. (4), SBS thresh-
old can be lowered, thus a higher SBS conversion efficiency is achieved. 

The illustration of SBS and multiple FWM processes within the Brillouin-erbium 
ring cavity is shown in Fig. 2. The CW emitted from TLS is employed as BP and injected 
into the ring cavity through ISO, PC1 and 10% port of OC1; the BP power is amplified 
in EDFA, and then is launched into HNLF. When the BP power increases and SBS ex-
ceeds threshold power, the 1st order Stokes (S1) with a frequency ωS1 is generated, 
which is downshifted by ΔωB from the BP frequency ωP, namely, ωS1 = ωP – ΔωB. 
S1 propagates along anti-clockwise direction within the ring cavity, opposite to the 
transmission direction of the BP. Then the power of S1 is also amplified in the EDFA 
before reaching the opposite end of the HNLF. Via OC2, the 90% energy of BP and 
S1 remain in the ring cavity, which drastically reduces the SBS threshold. The BP and 
S1 will experience pump depletion and strong Brillouin amplification, respectively. 
When S1 propagates in the HNLF, it acts as another BP and generates the second-order 
BS lines (S2) with a frequency ωS2 (ωS2 = 2ωS1 – ωP = ωP – 2ΔωB) in the clockwise 
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direction, meantime, and the first-order anti-Stokes signal (AS1) with a frequency ωAS1 
(ωAS1 = 2ωP – ωS1 = ωP + ΔωB) is also generated by mixing between ωS1 and ωP. With 
increasing of the BP power, the power of S1 and S2 will be further increased. Fur-
thermore, when the power of S2 is above Brillouin threshold, S2 will make the third 
-order BS (S3, ωS3 = ωP – 3ΔωB) to be generated on the same direction as S1. Hence, 
for S1 and S3 firstly take place the degenerate FWM process, which will produce 
the fifth-order Stokes signal (S5, ωS5 = 2ωS3 – ωS1 = ωP – 5ΔωB) and the first-order 
anti-Stokes signal (AS1, ωAS1 = 2ωS1 – ωS3 = ωP + ΔωB) in anti-clockwise direction. 
These generated Stokes and anti-Stokes signals will interact and create the higher 
odd-order Stokes and anti-Stokes signals through multiple FWM processes. The illus-
tration of SBS and multiple FWM processes within the fiber ring cavity observed 
from the counterclockwise direction is shown in Fig. 2a. Since odd-order Stokes and 
anti-Stokes circulate counterclockwise within the fiber ring cavity, they will output 
from the OUT1 port, and thanks to the RS of the BP signal and even-order Stokes and 
anti-Stokes signals, weak BP signal and even-order Stokes and anti-Stokes also circu-
late counterclockwise and output from the OUT1 port. Under strong BP conditions, 
the odd-order Stokes and anti-Stokes generated in the counterclockwise direction in the 
ring cavity get more gain than RS induced by the BP signal and even-order Stokes and 
anti-Stokes signals, which make the optical amplifier in the ring cavity being in deep 
saturation state, and these weak Rayleigh back light cannot be amplified. Therefore, 
the odd-order Stokes and anti-Stokes with double BFS are obtained from the OUT1 port. 
The illustration of SBS and multiple FWM processes within the fiber ring cavity ob-
served from the clockwise direction are shown in Fig. 2b. Because BP signal and even 
-order Stokes and anti-Stokes circulate clockwise in the ring cavity, they will be output 
from the OUT2 port and due to the RS of odd-order Stokes and anti-Stokes signals, 
weak odd-order Stokes and anti-Stokes output from the OUT2 port. For the same reason, 
the odd-order Stokes and anti-Stokes with double BFS are obtained from the OUT2 port. 
Since odd- and even-order Stokes lines with double BFS have been obtained from the 
OUT1 and OUT2 port, respectively, switching from double BFS to single BFS can be 
achieved by reducing BP power. It can be explained as that, when BP power declines, 
power of Stokes decreases, and the optical amplifier gradually recovers from deep sat-
uration state. Weak Rayleigh backscattering light begin to get the gain and be amplified, 
when the power of Rayleigh backscattering light increases to be close to or equal to 
that of the odd- and even-order Stokes. The MBEFL output with single BFS is achieved 
from the OUT1 and OUT2 port, respectively. 

3. Results and discussion 

Firstly, the amplified spontaneous emission (ASE) spectra of the EDFA are measured 
and shown in Fig. 3. In the employed EDFA is with a single-pump structure in order 
to distinguish the output direction of ASE, the direction the same as the transmission 
direction of the pump light is defined as forward, and the direction opposite to the trans-
mission direction of the pump light is defined as backward. As can be seen from Fig. 3, 
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Fig. 3. The amplified spontaneous emission spectra of the erbium-doped fiber amplifier. 

the forward gain of EDFA is less than the backward gain. This is because the employed 
EDF has extremely high doping concentration, which also means large attenuation co-
efficient. The forward output of the EDF is far from the pump light and has a larger 
attenuation, so the forward gain is relatively small. In order to obtain sufficient gain 
in both directions within the ring cavity, bidirectional pumping should be considered. 
However, because of the limitation of experimental conditions, only one pump source 
can be used in our experiment. 

When the EDFA is connected into the ring cavity to be used and BP is shut down, 
the free running spectra of the fiber ring cavity output from the OUT1 and OUT2 port 
are shown in Fig. 4. The initial oscillation signal is generated from ASE of the EDFA 
in the fiber ring cavity. With the increase of pump power, some self-lasing cavity mode 
can be observed in the wavelength range of about 6 nm (1557–1563 nm). Under the 
same pump conditions, the power of free-running spectrum output from OUT1 is slightly 
higher than that from OUT2. The reasons of that have been described above. In this 
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Fig. 4. Self-lasing spectra of the fiber ring cavity without Brillouin pump. 
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Fig. 5. Brillouin–Stokes with single Brillouin frequency spacing output from the OUT1 port. 

case, all laser configurations operate under the free running condition, and unstable 
lasing modes are termed as stochastic modes. Since the cavity modes’ oscillation and 
Brillouin based Stokes will induce gain competition in Brillouin-erbium fiber laser 
cavity, the wavelength of BP should locate within a small wavelength range near the 
cavity modes to suppress the cavity modes’ competition [23]. Therefore, narrow free 
running bandwidth can limit wavelength tuning range of MBEFL. 

Then, BP wavelength is set to ~1560.094 nm, which matches the peak value of out-
put spectra of free-running laser, to trigger the generation of BS. When the BP power 
is –1.44 dBm and the power of the 980-nm pump is 514 mW, BS lines with single BFS 
of 0.076 nm are obtained from OUT1 and the number of generated Stokes lines ex-
ceeds 20, as shown in Fig. 5. Because the most energy of the BP and even-order Stokes 
circulates on the clockwise direction in the ring cavity, the BP and even-order Stokes 
signal are also scattered in the counterclockwise direction along the fiber via the Rayleigh 
feedback effect. Since there is no optical ISO in the ring cavity, the power of bidirectional 
circular light fields in the cavity can be amplified in the EDFA. Because the BP power 
is relatively low, the power of the odd-order Stokes generated in the counterclockwise 
direction is not too high, as they pass through the EDFA and is slightly amplified. 
But, BP and even-order Stokes-induced Rayleigh backscattering light power are rela-
tively low and their power is amplified more. When the power of the even-order Stokes 
-induced Rayleigh backscattering light increases to be close to or equal to that of the 
odd-order Stokes, the gain contention results in the Stokes sequence with single BFS 
is obtained. 

By gradually increasing the BP power, the odd-order Stokes lines with double BFS 
are obtained from the OUT1 port of the MBEFL, as shown in Fig. 6. When the BP power 
reaches 10.42 dBm, the 980 nm pump power is 662 mW. It can be seen that within the 
spectrum range from 1559.11 to 1562.14 nm, there are twenty Stokes lines, including 
odd-order Stokes components from the first order to the twenty-seventh order, and 
six odd-order anti-Stocks components. The frequency spacing between two adjacent 
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Fig. 6. Odd-order Brillouin–Stokes with double Brillouin frequency spacing output from the OUT1 port. 

wavelengths is around 0.152 nm, which is double of the basic SBS frequency shifting. 
The BP and even-order Stokes-induced Rayleigh backscattering light is suppressed and 
the odd-order Stokes signals are amplified to the maximum extent possible by adjusting 
polarization state of PCs, since both FWM and SBS are polarization-dependent. 

Since the BP power may be a key system parameter that affects the laser output, 
the effect of BP power on the laser output is investigated and the results are reported 
in Fig. 7. The power of the 980 nm pump is kept on 662 mW. When the BP power is 
very low and equals –16.25 dBm, only ASE noise outputs from the laser. With increas-
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Fig. 7. Output spectra of the multi-wavelength Brillouin-erbium fiber laser at the different Brillouin pump 
power. 
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ing of BP power, the Brillouin comb lines begin to appear and gradually increase. 
When the BP power is –1.44 dBm, Stokes lines with single BFS are obtained from the 
OUT1 port. When BP power increases to 10.47 dBm, even-order Stokes lines are sup-
pressed, and odd-order Stokes lines with double BFS are obtained from the OUT1 port. 
Thus, it can be seen that the BP power plays an extremely important role in realizing 
Stokes generation with switchable frequency spacing. 

The influence of EDFA pump power on Stokes generation from MBEFL is also 
investigated. The wavelength of BP light is set at 1560.094 nm, and BP power is fixed 
at 10.42 dBm. Only by adjusting EDFA pump power, different output spectra of MBEFL 
are obtained from the OUT1 port, as shown in Fig. 8. When EDFA pump power is 
50 mW, only BP-induced Rayleigh backscattering light is observed. When EDFA pump 
power increases to 134 mW, the 1st order Stokes lasing based on SBS is initiated by BP, 
and only two Stokes peaks are observed, namely BP-induced Rayleigh backscattering 
light and 1st order Stokes lasing, respectively. When EDFA pump power further in-
creases to 248 mW, the main peak accompanied by two small side peaks are observed, 
referring to the 1st BS, BP and 2nd BS-induced Rayleigh backscattering light, respec-
tively. The measurement for stability of the 1st Stokes output spectrum being taken 
over more than 20 minutes reveals that there are almost no observable fluctuations in 
the peak power and central wavelength over the measured period, which indicates that 
1st order Stokes lasing is very stable. When EDFA pump power is equal to 262 mW, 
in addition to the stable 1st Stokes lasing output, the 3rd stimulated BS lasing amplified 
is newly generated. When EDFA pump power is 362 mW, in addition to the stable 
1st and 3rd Stokes lasing outputs, the 5th stimulated BS and amplified 1st anti-BS are 
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Fig. 9. The even-order Stokes with double Brillouin frequency spacing output from the OUT2 port. 

newly initiated. With increasing of EDFA pump power, the lasing wavelength number 
of MBEFL output increases. From another perspective, the proposed MBEFL can realize 
switchable odd-order Stokes generation, with an increasing wavelength number in turn, 
only by simply adjusting EDFA pump power. When BP power is fixing at –1.44 dBm, 
by adjusting EDFA pump power, similar phenomena can be observed. It means that 
the proposed MBEFL also can realize switchable Stokes generation with single BFS, 
with an increasing wavelength number in turn, only by simply adjusting EDFA pump 
power. 

The even-order Stokes lines with double BFS from the OUT2 port of the MBEFL 
are shown in Fig. 9, when the BP wavelength is 1560.094 nm and EDFA pump power 
is 691 mW. It can be seen that thirteen even-order Stokes and anti-Stokes components 
within the spectrum range of 1558.35–1561.31 nm are generated. The frequency spac-
ing between two adjacent wavelengths is 0.152 nm. By reducing the BP power, the 
even-order Stokes generation with double BFS is switched to the Stokes generation 
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-5 

with single BFS at the OUT2 port of the MBEFL. When the BP power is 3.2 dBm, the 
Stokes lines with single BFS are generated, as shown in Fig. 10. The frequency spacing 
between two adjacent wavelengths is 0.076 nm. 

Since stability is one of the most important system properties for MBEFL, the re-
peated spectra of MBEFL output with single BFS from the OUT2 port, within 60 min-
utes with the time interval of 10 minutes, are recorded and evaluated, as shown in 
Fig. 11, when the BP wavelength is 1560.094 nm and the pump power of EDFA is 
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Fig. 11. Repeated scanning spectra over 60 minutes with the interval of 10 minutes. 
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623 mW. As you seen, Stokes lines from the 1st to 16th are stable with time in 60-minute 
duration. To further highlight stability of the laser, the peak power fluctuation for the 
channel from the 1st to 16th are plotted in Fig. 12. The peak power fluctuations re-
corded are 1.71, 0.54, 0.80, 0.45, 1.17, 0.58, 0.81, 1.44, 1.26, 1.72, 1.64, 1.59, 1.80, 
1.46, 1.45, and 1.58, respectively. These low fluctuations of less than 1.80 dBm within 
60 minutes demonstrate the stability of the proposed MBEFL. 

The wavelength tunability of MBEFL can provide flexibility of system applica-
tions; so, the wavelength tunability of the proposed MBEFL is also investigated and 
reported in Fig. 13. The BP power is fixed at 3.2 dBm and EDFA pump power is kept 
on 623 mW. When the BP wavelength is tuned within a range of about 7 nm from 
1557.075 to 1564.073 nm, stable and clear MBEFL output can be obtained from the 
OUT2 port. Wavelength tuning range of the proposed MBEFL is relatively narrow, 
which is limited by the wavelength range of self-lasing cavity mode. Because the cavity 
modes’ oscillation and Brillouin based Stokes induce the gain competition in Brillouin 
-erbium fiber laser cavity, the wavelength of BP is selected to near the wavelength of 
the cavity modes to suppress the cavity modes’ competition. The limited wavelength 
tuning range, the limited number of lasing modes, and the low amplitude equalization 
degree of the lasing modes may be related to the SBS gain and stimulated radiation 
gain. Sufficient SBS gain is a necessary condition for achieving broadband lasing, 
which requires BP source to provide sufficient BP power. To realize the bidirectional 
oscillation output, BP light should be injected into the ring cavity via OC. However, 
the use of OC in the ring cavity will inevitably lead to optical field diversion and energy 
loss. In order to compensate for the energy loss of the light field, the amplifier is con-
nected to the ring cavity, which also will lead to the cavity mode competition and nar-
row gain bandwidth. Therefore, the SBS gain and the stimulated radiation gain should 
be coordinated in the fiber ring cavity. The SBS gain should be dominant, while the 
stimulated radiation gain is only used to compensate for the energy loss of the optical 
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Fig. 13. Output spectra of the multi-wavelength Brillouin-erbium fiber laser with single Brillouin fre-
quency spacing for different Brillouin pump wavelengths. 
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field. In addition, in order to avoid the conflict between SBS gain and stimulated ra-
diation gain, other forms of cavity structures can also be considered, such as half-open 
cavity structures. 

4. Conclusion 

In summary, a MBEFL with a switchable frequency space has been experimentally 
demonstrated, switching between single and double BFS is conveniently achieved only 
by adjusting BP power. Moreover, under the certain BP power conditions, the proposed 
MBEFL also can realize switchable odd- or even-order Stokes generation with double 
BFS and Stokes generation with single BFS, with an increasing wavelength number 
in turn, only by simply adjusting EDFA pump power. The proposed MBEFL may find 
some applications in various fields such as high-capacity optical communications, low 
-noise tunable microwave or THz wave generation and spectroscopic studies. 
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