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Abstract: In this paper, a 2 μm all fiber multi-wavelength Tm-doped fiber laser is 

reported. In the laser, there are no frequency-selective filter elements or 

polarization-dependent components, and a three-wavelength stable laser is realized. 

When the pump power is 0.62 W, the laser operates in a single-wavelength laser with 

a center wavelength of 2017.22 nm and a 3-dB bandwidth of 0.14 nm. Continuing to 

increase pump power to 0.90 W, the laser enters a stable dual-wavelength laser 

operating state, and the dual-wavelength are 2019.42 nm and 2021.51 nm, 

respectively. Three-wavelength pulse is obtained by further increasing the pump 

power to 1.14 W. And the three-wavelengths are 2016.62 nm, 2017.35 nm, and 

2020.93 nm, respectively. In addition, it can be found that the number of wavelength 

increases with the pumping power. 
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1. Introduction 

In recent years, 2 μm fiber lasers have played an important role in radar, laser surgery 

and special material processing, because their advantages such as good beam quality, 

high conversion efficiency, long service life and eye-safe band [1-4]. Compared with 

single-wavelength mode-locked fiber laser, multi-wavelength can be especially applied 

to wavelength division multiplexing (WDM) systems, optical signal processing and 

precision spectroscopy [5]. At present, many different approaches have been 

developed to generate multi-wavelength mode-locked fiber lasers, such as Sagnac ring 

mirrors [6], fiber Bragg gratings [7], Mach-Zehnder interferometers [8], nonlinear 

amplification loop mirrors [9], nonlinear polarization rotation effects [10] or various 

saturable absorbers [11-12]. These methods for generating multi-wavelength lasers 

need to add complex optical components or use nonlinear effects, so that 
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multi-wavelength fiber lasers generally have complex structure, high price and low 

damage threshold. 

In this paper, a 2 μm multi-wavelength continuous fiber laser is obtained by using a 

simple ring cavity structure. There is no frequency selective filter element or 

polarization dependent element in the cavity, so that the structure is compact, the price 

is low and the stability is high. A 793 nm laser diode (LD) is used as a pump source, and 

Tm-doped fiber (TDF) is used as a gain medium. With the increase of pump power, we 

obtained single-wavelength, dual-wavelength and three-wavelength of 2 μm fiber laser, 

respectively. 

 

2. Experimental Setup 

As shown in Fig. 1, the schematic of 2 μm laser is a ring resonator. The fiber laser is 

pumped by a 793 nm LD through a (2+1) × 1 signal pump combiner. A 4.5 m long 

double-clad Tm-doped single mode fiber is used as the gain medium. And the 

core-cladding geometry is circular. Its core/cladding diameters are 10/125 μm, 

corresponding to numerical aperture (NA) of 0.16/0.46, and the absorption coefficient 

is 5.6 dB/m at 789 nm. The isolator (ISO) ensures signal light transmission in one 

direction to protect the pump source. The fiber laser output port uses a 30:70 optical 

coupler (OC). 

The fiber connection method is connected by an optical fiber fusion splicer. The 

splicing of double cladding TDF and single mode fiber will produce large loss, but it can 

be greatly reduced by changing the discharge intensity and discharge time. In addition, 

the laser spectrum is monitored by an optical spectrum analyzer (Yokogawa AQ6375B) 

with a resolution of 0.05 nm. 
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Fig. 1. Schematic of the experimental setup 

 

3. Experimental Results 

The threshold power is reached when the pump power is 0.62 W. Currently, the laser is 

running in a single-wavelength laser operation. As shown in Fig. 2(a), the center 

wavelength is 2017.22 nm, and the corresponding 3 dB spectral bandwidth is 0.14 nm. 

As the pump power continues to increase to 0.90 W, stable dual-wavelength pulse 

appears, as shown in Fig. 2(b). It can be seen that the center wavelengths of the 

dual-wavelength are 2019.42 nm and 2021.51 nm, respectively, and the corresponding 
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3 dB bandwidth are 0.12 nm and 0.13 nm. And in a long time, the dual-wavelength 

interval remains unchanged at 2.09 nm. As shown in Fig. 2(c), it is a three-wavelength 

spectrogram, measured at a pump power of 1.14 W. The wavelengths are 2016.62 nm, 

2017.35 nm and 2020.93 nm, respectively, and the corresponding 3 dB spectral 

bandwidths are 0.15 nm, 0,14 nm, and 0.16 nm. In addition, it can be seen that as the 

pump power increases, the number of wavelengths also increases. Of course, it is 

impossible to increase without limit.  

To confirm the stability of the three-wavelength fiber laser, the spectrum is tested at 

room temperature when the pump power remained unchanged at 1.14 W. Spectrum is 

recorded at ten-minute interval for one hour. And seven sets of spectra are obtained as 

shown in Fig. 2(d). It can be seen that there is no change of the spectrum shape over 

a long period of time. Through quantitative calculations, the maximum wavelength drift 

of the three-wavelength are 0.13 nm, 0.09 nm and 0.11 nm, respectively. The 

wavelength shift is mainly caused by factors such as mode competition in the cavity, 

pump power fluctuation and environmental vibration. However, these fluctuations are 

all small, indicating that the three-wavelength spectrum has good stability. 

  

  
 

(a) Single-wavelength operation. (b) Dual-wavelength operation.  

(c) Three-wavelength operation. (d) Long-term stability of the three-wavelength 
spectrum. 

Fig.2. Multi-wavelength operation. 
 

4. Conclusion 

In this paper, a simple multi-wavelength Tm-doped fiber laser is reported. As the pump 

power increases, single-wavelength, dual-wavelength and three-wavelength pulses are 
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obtained, respectively. Moreover, the stability of the three-wavelength spectrum is 

examined, and the maximum drift of the three-wavelength are all small, indicating that 

the spectrum has a good stability in a long time under room temperature. The 

multi-wavelength Tm-doped fiber laser has the advantages of compact structure, low 

price and high stability, and will has wide application prospects. 
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