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Abstract: A novel wavelength-switchable fiber ring laser with output selectable 
from one of 35 different wavelengths is reported. Wavelength variation o f - 5  pm 
and power fluctuation of -0 .12  dB, were observed during a 2-hour stability test. 
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1. Introduction 

Wavelength-switchable laser sources are promising candidates for many applications such as in fiber 
sensing, fiber optic test and measurement and fiber communication systems. Various techniques 
including cascaded fiber Bragg grating (FBG) cavities [1], FBG written in birefringent fiber [2], 
long-period fiber grating written on polarization maintaining fiber [3] and sagnac loop reflector [4], 
have been used to realize oscillating wavelength switching in fiber laser s. However, these reported 
lasers require wavelength selective elements that match to the switchable wavelengths of the laser, 
therefore, the configuration of these lasers are complicate and the number of switchable wavelengths is 
also limited. 

In this letter, we present a new kind of wavelength-switchable fiber ring laser that can be 
switched from 35 different wavelengths in the range from 1545 to 1573 nm with 0.8 nm spacing using 
only a Fabry-Perot (F-P) etalon filter, a polarizer, a programmable electric-actuated polarization 
controller and a short length of the Lanthanum codoped Bismuth-based Erbium-doped fiber 
(La-codoped Bi-EDF). The La-codoped Bi-EDF used in the ring laser is very short. It is doped with 
very high concentration of erbium ions but exhibits negligible ion quenching effect [5]. Wavelength 
switching of the laser is achieved by changing the polarization state inside the cavity. High switching 
speed and excellent wavelength stability are demonstrated. 

2. Experiment Setup 

Figure 1 shows the configuration of the wavelength-switchable La-codoped Bi-EDF ring laser. The 
La-codoped Bi-EDF was pumped with one 1480 nm semiconductor laser diode via port 1 of the 
circulator, which exhibit fairly fiat pass-band in the wavelength range of 1460 nm to 1630 nm. The 
length of the Bi-EDF was 84.6 cm long. The refractive index of the core and cladding of the Bi-EDF 
are 2.03 and 2.02, while the diameter of the core and cladding are 4.0 ~tm and 125.6 ~tm, respectively. 
The erbium concentration in the La-codoped Bi-EDF is 6,470 wt-ppm and the Lanthanum 
concentration is 4.4 %wt. The peak absorption of the La-codoped Bi-EDF at 1480 nm and 1530 nm 
are 167 dB/m and 267 dB/m, respectively. Both ends of the La-codoped Bi-EDF was first angle 
spliced to high numerical aperture fiber (Coming HI980) before splicing to port 2 (SMF -28 fiber) of 
the circulator and to the signal port (SMF -28 fiber) of the WDM, p roviding better mode field diameter 
matching. The splicing loss attained was less than 0.2 dB for the angled splices. The angled splices 
reduce the reflection in the laser cavity to less than 60 dB. 



J W B 4 1  

Fig.1. 

F tt.sion 84~6-cm ......... ~'i .......... 

F t l ~ . u l a t o r .  " 
Output ~ Isolator .. 

,~ , . .~g~mm~bl~. 
¢ 

the Configuration of the wavelength-switchable La-codoped Bi-EDF ring 1 aser 

The output wavelength of the fiber ring laser is determined by the etalon filter which has a free 
spectral range of 100 GHz. The polarizer and the programmable polarization controller (PolaRITE 
from General Photo nics) are employed to switch the lasing wavelengths that match the passbands of 
the F-P etalon filter. The programmable polarization controller contains three actuators that change 
the birefringence of the fiber and polarization state can be varied by adj usting the voltages (0-150 V) 
applied to the actuators. The insertion loss and bandwidth of the etalon filter are less than 1 dB and 
about 0.1 nm, respectively. The extinction ratio of the polarizer is larger than 30 dB and its insertion 
loss is less than 1 dB. The circulator (from port 3 to port 2) and the optical isolator were used to 
ensure unidirectional operation of the ring laser. A 20% fused fiber taper was connected inside the 
laser cavity to provide the laser output. 

3. P e r f o r m a n c e  and Discuss i  ons 

The fiber ring laser was pumped with 67 mW of optical power from a 1480 nm semiconductor pump 
laser through port 1 of the circulator. The output power and the side mode suppression ratio (SMSR) 
of the laser are -~0 dBm and -~50 dB, respectively. By manually adjusting the applied voltage to the 
polarization controller, the laser wavelength was switched from about 1545 nm to 1573 nm, exhibiting 
35 different wavelengths. In order to characterize the switchable laser, the polarization controller and 
the OSA were programmed such that the voltage applied to the actuators was increased with 1-V steps, 
and the OSA performed a single measurement scan. Figure 2 (a) shows the output spectra of fiber 
ring laser with the OS A set in max hold mode and resolution of 0.1 nm. Variation of the output power 
of the switchable lasers is -~3 dB. Figure 2(b) shows the 3-dB linewidth of the fiber ring laser 
measured by an optical spectrum analyzer (OSA) with a resolution of 0.01 nm is about 0.02 nm. 
Narrower linewidth is expe cted if a higher finesse etalon filter is used, this moderate coherence laser is 
suitable for test and measurement application. The laser output power can be increased by increasing 
the pump power. However, if the pump power is too large, multiple wavele ngth lasing was observed. 
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(a) Output laser spectra measured with the OSA set in maximum hold mode; 
(b) One output laser spectrum measured by OSA with 0.01 nm resolution. 

Fig. 2 
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In this ring cavity configuration, the combin ed function of the polarizer and polarization 
controller acts as wavelength selective element, while the output wavelength depends on the passband 
wavelengths of the F-P etalon filter and the gain bandwidth of the Bi-EDF. Due to fiber birefringence, 
chromatic dispersion and polarization mode dispersion of the cavity, different switching wavelengths of 
the laser will be excited at different polarization states. The round trip loss of the cavity experience 
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by different wavelength s mainly depends o n the loss of the polarizer which is a scalar product between 
the polarization of the incoming wavelength beam and the polarization of the polarizer. Therefore, by 
adjusting the polarization controller, only the wavelength having its polarization state align parallel to 
the polarizer and matching the passband of the etalon filter will lase. 
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Output power changes under switching polarization. Fig. 4 Wavelength and power fluctuation during 2 hours. 

Wavelength switching speed of the laser was evaluated by applying two voltages to the 
polarization controller and its third actuator was driven by a 500 Hz square pulse alternating between 
28 V and 61.4 V. The corresponding lasing wavelengths generated at these two voltages are 1555.175 
nm and 1555.985 nm. The laser output is monitored by a 1 GHz photo-detector connected to a 200 
MHz sampling oscilloscope. Figure 3 shows the voltage generated by the photo-detector under this 
switching condition; the laser is stabilized after a short period of relaxation oscillation. Inset of Fig. 3 
shows that the relaxation oscillation ti me is less than 100 us, this implied that the maximum switching 
frequency of the laser is -10 KHz. Fig. 4 shows the measured wavelength and power fluctuation for 
the laser operating at 1561.708 nm for 2 hours, which a r e - 5  pm and-0.12 dB, respectively. The 
experiment was conducted under laboratory environment and no precaution s were made to isolate the 
setup from thermal and vibration perturbations. Better stability is expected if the setup were properly 
housed in an enclosure with appropriate thermal and vibration isolation. 

4. Conclus ion  

In conclusion, we have successfully demonstrated a new type of wavelength-switchable fiber ring laser 
using a short-length of La-codoped Bismuth-based Erbium-doped fiber. By changing the polarization 
state inside the ring cavity, single lasing wavelength selectable from among 35 wavelengths in the 
range of 1545 nm to 1573 nm with a wavelength step of 0.8 nm was achieved. This laser exhibits 
high output power o f - 0  dBm, high SMSR of-50 dB and output power flatness o f -3  dB. The laser 
is capable of wavelength-switching at a speed of 10 kHz. Wavelength and power fluctuation of-5  pm 
and -0.12 dB, respectivel y, are observed during a 2-hour stability test. 
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