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Abstract: A multiwavelength fiber laser based on 
multimode fiber Bragg gratings (MM-FBGs) is 
proposed and demonstrated. The laser, which is 
comprised of two MM-FBGs connected in a parallel 
configuration, can yield 10 stable output wavelengths 
using the offset launch technique. 

1. Introduction 

Multiwavelength fiber lasers are useful light sources 
for fiber sensors, wavelength-division-multiplexed 
(WDM) fiber communication systems, and optical 
instrument testing. Various techniques have been 
proposed to realize multiwavelength oscillations in 
fiber lasers using single-mode fiber Bragg gratings 
(FBGs) [1-2]. In contrast, the use of FBGs written in 
multimode fibers (MMF) has not attracted much 
attention [3-5]. In this paper, we propose and 
demonstrate a multiwavelength fiber laser with hybrid 
gain mediums, which employs multimode FBGs 
(MM-FBGs) to perform the multiwavelength selections 
using the offset launch technique. The proposed laser is 
comprised of two MM-FBGs connected in a parallel 
configuration and can emit 10 stable output 
wavelength.  

2. Multi-mode fiber Bragg gratings 

A multimode fiber supports many modes that 
propagate with different velocities and exhibit different 
mode field profiles. If a Bragg grating is written in a 
multimode fiber, the modes that satisfy the 
phase-matching condition of the grating will be 
reflected by the grating.  Because these modes have 
different propagation constants, a corresponding 
number of equal spaced reflection wavelengths will be 
observed in the reflection spectrum. The number of 
reflected wavelengths is determined by the spatial 
distribution of the MMF modes that are excited [4]. 
Figure 1 shows the reflection spectra of the MM-FBG 
for different lateral displacements of the SMF and the 
MMF. The lateral displacement increases from Fig. 1(a) 
to Fig. 1(c).  Figure 1(a) shows the result when the 
SMF is almost aligned to the center of the MMF. The 
measured reflected wavelengths of the MM-FBG are 
1565.18 nm, 1564.42 nm, 1563.66 nm, 1562.88 nm, …, 

leading to a wavelength separation of about 0.76 nm. 
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F i g .1 .  Reflection spectra of the MM-FBG under different 
offset.  The lateral displacement between the SMF and MMF  
increases from (a) to (c). 

From Fig. 1, the measured reflective spectra of the 
MM-FBG depend on the condition of excitation of the 
modes which can be controlled by adjusting the offset 
between the SMF and the MMF. The offset launch 
technique can therefore allow the excitation of a well 
defined subset of higher-order mode groups.   

3. Experiment and results 

Figure 2 shows the schematic of the proposed 
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multiwavelength laser based on MM-FBGs using the 
offset launch technique.  We used a hybrid gain 
medium which is composed of an SOA and a C-band 
EDFA. The combination of the EDFA with the SOA 
makes it possible to achieve a stable multiwavelength 
operation and a higher SNR. A 3-dB fiber coupler is 
used to incorporate two identical MM-FBGs into the 
laser cavity. Optical power inside the ring is thus 
divided into two branches with approximately equal 
power.  Each of the two branches is composed of one 
MM-FBG and a polarization controller (PC) which are 
used to finely adjust the gain of the corresponding 
wavelengths in order to balance the powers of 
oscillations. The laser output was taken via a 90:10 
fused fiber coupler and was measured using an optical 
spectrum analyzer with 0.1 nm resolution. 
 
 
 
 

 

 

 

 
Fig. 2. Schematic diagram of the proposed laser. 

In the experiment, we can obtain up to a maximum of 
13 wavelengths through carefully adjustment of the 
polarization states of the two PCs and the offsets of the 
two MM-FBGs against the SMFs.  The relative 
amplitude differences however are rather large when 
there are 13 output wavelengths. Figure 3 shows an 
example of the output of the multiwavelength laser 
with good uniform power across 10 wavelengths. The 
four longer wavelengths were due to the reflection of 
the MM-FBG1 at smaller offset and the six shorter 
wavelengths were due to the reflection of the 
MM-FBG2 at larger offset. The amplitude variations in 
each individual wavelength were measured to be less 
than 0.5 dB.  The power differences between different 
wavelengths are within 2 dB. 

 

 

 

 

 

 

 

Fig. 3.  Laser output with 10 wavelengths. 

The proposed laser configuration is scalable. The 
number of lasing wavelength can be increased by 

adding more branches of SMF-MM-FBG or cascading 
more MM-FBGs of different wavelengths after 
MM-FBG1 and MM-FBG2 in Fig. 3 provided that the 
spectral gain bandwidth of the cavity is sufficiently 
wide. 

4. Conclusion 

In conclusion, we observed that the reflective spectra 
of MM-FBG changes when we alter the mode 
excitation condition in a multi-mode fiber. We 
proposed and demonstrated a multiwavelength fiber 
laser using offset launch technique with hybrid gain 
mediums. The laser is comprised of two MM-FBGs in 
a parallel configuration.  The laser can emit 10 stable 
wavelength output by adjustment of the spatial launch 
position of the SMFs against the MM-FBGs.  The 
amplitude variations of individual lasing wavelength 
are less than 0.5 dB and the power differences between 
the lasing wavelengths are within 2 dB.  The proposed 
laser has a simple configuration and precisely 
controlled stable lasing wavelengths.  The laser 
configuration is scalable.  More lasing wavelengths 
can be generated by simply adding more MM-FBGs to 
the systems. MM-FBG2
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