
Abstract -- We theoretically and experimentally 
demonstrated that the number of output wavelengths of an 
erbium-doped fiber ring laser can be controlled by changing 
the phase bias of periodic intensity-dependent loss in the 
laser cavity. 

I.  INTRODUCTION

Stable multi-wavelength erbium-doped fiber lasers are 
important in many applications such as optical 
communication systems, and fiber sensing. Recently, we 
have shown that laser cavity with homogeneous gain 
medium can have multiple wavelength output by 
introducing an intensity-dependent loss into the cavity [1-
3]. In this paper, we demonstrated both theoretically and 
experimentally that the number of output wavelengths 
and the output power in an erbium-doped fiber ring laser 
with a periodic intensity-dependent loss can be controlled 
by changing the phase bias of the periodic intensity-
dependent loss. 

II.  THEORY AND MODELING

Figure 1 shows the schematic diagram of a typical 
multi-wavelength erbium-doped fiber ring laser which 
composed of a gain, a loss, a comb filter, and an output 
coupler. The output coupler loss can be included in the 
loss element. 
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Fig. 1 Schematic diagram of a multiwavelength fiber ring laser. 

To discuss the multiwavelength output feature of the 
lasers with intensity dependent loss, we use a general 
saturable homogeneous gain model to simulate the gain 
element without considering the complex features such as 
cross sections, power dependence of the gain profile and 
etc. These complex features are not the dominant reasons 
of the generation of multiwavelength laser and we mainly 
focus on the function of the loss. The output power at the 
i-th wavelength defined by the comb filter is given by: 
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where g0 is a constant and fi is the Gaussian gain profile 
with max{fi} = 1. Psat is the saturation power, Ptotal = Pi
is the total power of all lasing wavelengths and z is the 
distance along the gain element. In the simulations, the 
maximum small signal gain given by Gs,max = exp(g0lamp)
is fixed to 30 dB where lamp is the length of the amplifier. 
The intensity-dependent loss is assumed to have a 
periodic transmission characteristic given by 

( ) cos( )i i iT P a b P= + γ + ϕ          (2) 
where a, b, , and  are constants. Equation (2) represents 
the transmission of a nonlinear loop mirror (NOLM) even 
in the presence of multiple wavelengths. In the following, 
we assume that a = 0.5, b = 0.4 and  = 1.  is the phase 
bias which will be adjusted in the simulations and 
experiments. Figure 2 shows the output power versus the 
input power of the periodic (solid lines) and constant loss 
(dotted lines). At low input power, the intensity-
dependent loss behaves like a saturable transmitter for 0 
<  <  but like a saturable absorber for  <  < 2 .
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Fig. 2. The output power versus input power curve for constant 
loss (dotted lines), and periodic loss (solid lines). 

Figure 3(a) show the laser output spectra when phase 
bias  varies from − /2 to /2. The saturation power is 5 
W. When  varies from – /2 to /2, the average output 
power level of the lasing wavelengths drops. The spectra 
for  < 0 have very sharp edges. When  < 0, the 
intensity-dependent loss behaves like a saturable absorber 
for Pi < | |/ , i.e. loss decreases when power increases. 
Thus the wavelengths with higher power can suppress the 
growth of wavelengths with lower power by gain 
saturation more effectively. The process continues until 
the power in a wavelength is larger than | |/  when the 
characteristics of the intensity-dependent loss changes 
from a saturable absorber to a saturable transmitter. In 
this case, the loss increases when power increases. The 
loss of the saturable transmitter then dynamically 
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balances the gain in different wavelengths to enable the 
laser to operate in multiple wavelengths at steady state. 
Since there is a threshold for the power in a wavelength, 
i.e. Pi  | |/ , the output spectrum has sharp edges. Figure 
3(b) shows the operation points of the wavelengths on the 
input-output power curves for  = − /6 (circles) and /6 
(squares). For  = − /6, there are no operation points 
located at 0 < Pi < | |/ . For  = /6, the operation points 
begin from near Pi = 0 because there is no threshold 
power for  > 0. 
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Fig. 3. (a) The output power spectra with periodic loss for different 
phase bias. (b) The operation points of lasers on the input-output power 
of the periodic loss for phase bias of −π/6 (circles) and π/6 (squares). (c) 
Variation of power at the center wavelength (squares) and the number 
of wavelengths at steady states (circles) versus the phase bias. 

Figure 3(c) shows the variation of power of the center 
wavelength (squares) and the number of wavelengths at 
steady states (circles) versus the phase bias. The power of 
the center wavelength decreases when  varies from − /2 
to /2 but the number of lasing wavelengths has a 
maximum near  = 0 and decreases when | | increases 
from zero. Thus one can control the number of 
wavelengths and the power of the wavelengths by 
adjusting the phase bias of the transmission of the 
periodic loss. 

III.  EXPERIMENTS

Figure 4(a) shows the experimental setup of a 
multiwavelength erbium-doped fiber ring laser with a 

NOLM which gives the periodic intensity-dependent loss. 
In [1], we have shown that the laser can operate in 
multiple wavelengths with uniform output power 
spectrum. Figure 4(b) shows the laser output power 
spectrum for different settings of the polarization 
controller PC2 inside the NOLM. The symbols represent 
the peak powers of the output wavelengths. The 
wavelength spacing is 0.8 nm. We observed that the laser 
output can vary from only 8 wavelengths at higher power 
to 50 wavelengths at lower powers by simply changing 
the settings of PC2. The results agree qualitatively with 
the theoretical results shown in Fig. 3(a).  
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Fig. 4.  (a) Schematic diagram of a multiwavelength erbium-doped fiber 
ring laser with an NOLM. (b) The output spectra of the fiber laser for 
different settings of the polarization controller PC2. 

IV.  CONCLUSIONS

We demonstrated that a multiwavelength erbium-
doped fiber ring laser with periodic intensity-dependent 
loss can output a few wavelengths at a higher power or 
many wavelengths with lower power by changing the 
phase bias of the transmission of the periodic loss. 
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