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Abstract: Q-switched operation of a holmium-doped fluoride fiber laser at 1.2 µm wavelength induced 
by a semiconductor saturable absorber mirror (SESAM) is reported. 650 ns pulses with 0.13 µJ pulse 
energy at a repetition rate of 260 kHz were obtained.   
© 2016 Optical Society of America 

OCIS codes: (140.3540) Lasers, Q-switched, 140.3510 (Fiber lasers). 
 

1. Introduction 
Near-infrared fiber lasers operating in the 1.2 µm wavelength region have drawn increasing attention due to their 
variety of applications in molecular spectroscopy, medical treatment, noninvasive medicine and biomedical 
diagnostics to pump sources and sensing.  Holmium (Ho3+) doped ZrF4-BaF2-LaF3-AlF3-NaF (ZBLAN) glass has 
been recognized as a high efficiency laser medium at this wavelength owing to its long radiative lifetimes and low 
phonon energy [1]. Single-frequency operation and watt-level continuous wave (CW) operation of Ho3+-doped 
ZBLAN fiber lasers at 1.2 µm have been successfully achieved [2, 3].  Q-switched lasers capable of producing 
microsecond/nanosecond pulses with high pulse energy have found applications in material processing, remote 
sensing, and defense.  Q-switched operation of a Ho3+-doped fiber laser at 1.2 µm was recently achieved with a 
graphene saturable absorber [4].  In this paper, we report pulsed Ho3+-doped ZBLAN fiber lasers using 
semiconductor saturable absorber mirror (SESAM) as the Q-switching element.  Compared to graphene, SESAMs 
have advantages of high stability, easy self-start, and high power handling.   
 
2. Experimental setup 

       
Figure 1. Experimental setup of an SESAM Q-switched fiber laser at 1.2 µm. 

 

The experimental setup of the SESAM Q-switched fiber laser is depicted in Fig. 1.  A piece of 10-cm long 
Ho3+-doped ZBLAN fiber was used as the gain medium.  The Ho3+ ion concentration of the fiber core is 3 mol.%. 
The core diameter of the fiber is 5.3 µm and the core numerical aperture (NA) is 0.14, which match well with those 
of Hi1060 fiber.  The Ho3+-doped ZBLAN fiber was spliced to Hi1060 fiber using a Vytran splicer.  The 
Ho3+-doped ZBLAN fiber was pumped by a 1150 nm Raman fiber laser via an 1150/1190-nm fiber-fused WDM. 
Another WDM based filter (HT@1150 nm and HR@1190 nm) was used to remove the residual 1150 nm pump laser. 
The 1190 nm port of the filter WDM was butted up against the SESAM.  The SESAM has an absorbance of 26% 
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and a modulation depth of 16%.  At the output end of this linear cavity laser, a fiber Bragg grating (FBG) with a 
reflectivity of 70% was used as the output coupler.  The output spectrum of the fiber laser was measured with an 
OSA (ANDO, AQ6317).  The pulse trains were measured with an InGaAs avalanche photodetector (Thorlabs APD 
130C) and recorded by an oscilloscope, while the output power was measured with a power meter (Thorlabs 
S401C).  
 

3. Experimental results and Conclusion 
The threshold of the Q-switched fiber laser is about 220 mW.  Stable Q-switched operation was maintained untl the 
pump power reached the maximum available value of 1050 mW.  Typical pulse trains of the SESAM Q-switched 
Ho3+-doped ZBLAN fiber laser at pump powers of 550 and 1050 mW are plotted in Fig. 2.  The average power as a 
function of the pump power is shown in Fig. 3.  The slope efficiency of this fiber laser is only 1.8% due to the large 
cavity losses attributed to butt coupling, two WDMs, and the splice joints between ZBLAN and Hi1060 fiber.  A 
maximum average output power of 21 mW, corresponding to a pulse energy of 0.13 µJ, was obtained at the 
maximum available pump power of 1050 mW.  The spectrum of the fiber laser at a pump power of 810 mW was 
measured and is shown in the inset of Fig. 3. In contrast to the single peak of a ring fiber laser, the spectrum of the 
linear cavity fiber laser exhibits multiple peaks.  The repetition rate and pulse duration as a function of the pump 
power are shown in Fig. 4.  The repetition rate increases from 72 to 160 kHz while the pulse duration decreases 
from 1.8 to 0.65 µs as the pump power increases from 220 mW to 1050 mW.  The pulse envelopes of the 
Q-switched pulses at pump powers of 223, 550 and 1050 mW are plotted in the inset of Fig. 4.  

 
    
 
 
 
 

In conclusion, we have demonstrated a SESAM Q-switched Ho3+-doped ZBLAN fiber laser at 1.19 µm.  Further 
power scaling of the Q-switched fiber laser and development of mode-locked 1.2 µm fiber lasers are currently under 
way.  
This work is partially supported by NSF Engineering Research Center for Integrated Access Networks 
(#EEC-0812072) and Technology Research Initiative Fund (TRIF) Photonics Initiative of University of Arizona. 
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Fig. 2. Q-switched pulse trains of a 
SESAM Q-switched Ho3+-doped ZBLAN 
fiber laser at pump powers of 550 and 
1050 mW. 

Fig. 3. Average output power of the 
SESAM Q-switched Ho3+-doped 
ZBLAN fiber laser as a function of 
pump power. Inset: optical spectrum of 
the fiber laser.  

Fig.4. Repetition rate and pulse duration of the 
SESAM Q-switched Ho3+-doped ZBLAN fiber 
laser as a function of pump power; Inset: Pulse 
envelopes of the SESAM Q-switched 
Ho3+-doped ZBLAN fiber laser at pump powers 
of 223, 550 and 1050 mW.   
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