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ABSTRACT 

 

The work presented in this study is focused on developing a widely wavelength tunable Q-switched 

pulsed erbium doped fiber ring laser (EDFRL) source operating in microsecond regime in Telecom 

wavelength spectrum of 1.55 μm ( C and L bands ). A commercial Gallium arsenide (GaAs) based 

microchip saturable absorber (SA) is used in the proposed EDFRL configuration to passively initiate 

Q-switching for stable pulse generation. Unless low damage threshold of the commercial GaAs based 

SA and non-optimized cavity length and losses, sufficiently stable pulse trains were obtained for a 

wide wavelength tuning range of 50 nm from 1520 nm to 1570 nm with high repeatability and long-

term stability. The Q-switched output pulses of the proposed EDFRL have output average powers 

varying from +0.65 dBm to +1.53 dBm, the pulse widths varying from 4.27 μs to 7.16 μs and the 

repetition rates varying from 51.51 kHz to 31.42 kHz for different tuning wavelengths. 

 

Keywords: fiber laser, saturable absorber, Q-switched, wavelength tunable 

 

1. INTRODUCTION 

 

Q-switched fiber lasers can generate high-energy pulses by modulating optical losses in the laser 

cavity using active or passive modulation elements. Therefore, studies on Q-switched fiber lasers have 

increased recently. Many modulators such as electro-optic modulators (EOM) [1], acousto-optic 

modulators (AOM) [2], semiconductor saturable absorber mirrors (SESAMs) [3], microchip saturable 

absorbers [4], and film saturable absorbers [5], carbon nanotubes [6], topological insulators (TIs) [7], 
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graphene [8], transition metal dichalcogenides (TMDs) [9] have been utilized to achieve Q-switching 

pulses. In contrast with the mode-locked ones, Q-switched fiber lasers have the ability to generate 

much higher pulse energy with microsecond or nanosecond pulses. Also, it is necessary to balance the 

dispersion and control the non-linear effects in the mode-locking process, which requires precise 

calculations and are not needed in the Q-switching process. Therefore, Q-switched fiber lasers have 

the advantages of efficiency, low cost, and ease of construction. The Q-switched lasers have many 

potential applications in various fields, such as sensing applications [10, 11], medicine [12] and 

material processing [13] owing to their advantages such as fast recovery time and low saturation 

intensity. 

 

Passively Q-switched microchip lasers have many advantages, simplicity of implementation, pulse 

generation with a well-defined energy and duration, highly stable operation and easier to obtain 

single-frequency operation in a passively Q-switched laser than in an actively Q-switched device. The 

pulse duration from a Q-switched laser generally decreases with decreasing cavity length [14] and its 

central lasing wavelength can be passively tuned over a wide spectrum in C and L bands as soon as 

providing a positive gain spectrum using a wideband erbium doped fiber amplifier inside the cavity. 

 

In this work, we demonstrate a widely tunable Q-switched erbium doped fiber ring laser with a 

gallium arsenide (GaAs) based saturable absorber (SA) as a passive Q-switching element, and an 

optical tunable band pass filter (OTBPF) as a wavelength tuning element. Stable Q-switched pulses 

are obtained in a 50 nm wide wavelength tuning range, which can be tuned from 1520 nm to 1570 nm. 

The obtained pulses have pulse widths ranging from 4.27 μs to 7.16 μs and repetition rates from 51.51 

to 31.42 kHz. 

 

2. EXPERIMENTAL DESIGN 

 

In the experimental design utilized in this work, one backward pump laser diode and one forward 

pump laser diode with operating wavelengths of 980 nm were used to provide high pump power 

(Optical output power of the both of the laser diodes were set to 150 mW).  An active fiber (Liekki Er-

30) with the length of 6 m was utilized in the experimental setup. The length of the erbium doped 

fiber (EDF) was chosen to obtain a wideband CW operation in EDFRL using our previous results 

[15]. An isolator was utilized inside the ring cavity to ensure unidirectional lasing operation. To select 

the lasing wavelength of EDFRL, a MEMS-based C+L band OTBPF (TF1C100) was used in the 

cavity. A commercial GaAs microchip based SA is used as saturable absorber medium for pulse 

generation. The commercial SA used was 150 μm in thickness and had an absorbance of 58%, 

modulation depth of 35% and saturation fluence of 300μJ/cm2 at 1550 nm. The output of EDFRL was 

taken from the 10% port of the tap coupler with a 90% - 10% splitting ratio and then split into two 

ports, to observe the optical spectrum of the output signal and the electrical pulse forms 

simultaneously.  The optical signal was analyzed at the optical spectrum analyzer (OSA Anritsu 

MS9710B). At the other port of the coupler, the optical signal was detected via an InGaAs 5 GHz 

photodiode (Thorlabs-DET08CFC/M), and the pulse waveforms were analyzed with an oscilloscope 

(Keysight-DSOX2002A). In the experimental setup, a manual polarization controller (PC) was used to 

optimize the polarization state of the light in the ring cavity, to eliminate the unwanted polarization 

effects. The schematic representation of the experimental setup was given in Fig.1. 
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Figure 1. The proposed Q-switched EDFRL cavity used in experiments. 

 

3. EXPERIMENTAL RESULTS 

 

In the first experiment, the gain spectrum of the EDFA used in the setup was characterized using a 

commercial widely tunable (1520 nm-1607 nm) laser source (TLS) as the input light source. In these 

measurements, the forward and backward pump laser powers were set to 140 mW and the center 

wavelength of the TLS was tuned in the range of 1520-1607 nm. The gain spectrum of the 

bidirectional pumped EDFA is shown in Fig.2, which shows sufficient positive gains for a Q switched 

operation in our EDFRL design. 
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Figure 2. Gain spectrum of EDFA designed with 6 m EDF. 

 

In the second experiment, passively Q switched EDFRL configuration has been set up as seen in Fig.1 

using a GaAs based microchip saturable absorber. In Table 1, the optical output power, repetition rate 

and pulse width values obtained at the output of the Q switched wavelength tunable fiber ring laser 

designed across the entire spectrum are given. It should be noted that the output average power values 

measured in OSA were taken from one of the output ports of the 50%-50% splitter added to the 

assembly at the EDFRL output. It means that the power values given in Table 1 correspond to half the 

actual output power of the designed Q switched wavelength tunable EDFRL.  

 

Table 1. The repetition rate, pulse width and output power of Q-switched wavelength tunable fiber 

ring laser. 

Wavelength 

(nm) 

 Repetition Rate 

(kHz) 

Pulse width (μs) Output Peak Power 

(dBm) 

1520        47.010         4.35              - 2.65 

1530        51.516         4.274              - 2.63 

1535        45.446         4.676              - 2.33 

1540        38.459         4.982              - 1.74 

1545        38.026          5.11              - 1.97 

1550        39.435          5.334              - 1.58 

1555        36.813          5.234              - 1.58 

1560        33.928          5.554              - 1.54 

1565        33.562          6.494               -2.03 

1570        31.421          7.166               -1.53 
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Figure 3. (a) Optical output power (b) Repetition rate and (c) Pulse width of the Q switched EDFRL 

as a function of tuning wavelength (d) A typical output waveform of the designed GaAs-SA based Q-

switched wavelength tunable fiber laser. 

 

With the Q-switched pulsed EDFRL design, highly stable pulses could be obtained for the lasing 

wavelength range of 1520-1570 nm having clearly measurable repetition rate, pulse width and output 

power values. The Optical output power, repetition rate and pulse width values measured through a 50 

nm tunable wavelength range are given in Figure 3 (a), (b) and (c). The output average power 

measured in OSA at one port of the output splitter was changing between 0.65 dBm to 1.5 dBm 

depending on the lasing wavelength which correspond to the repetition rates varying between 31.42 

kHz and 51.51 kHz and pulse widths varying between 4.35 μs and 7.16 μs. 
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(a) 

 

(b) 

 
(c) 

 

(d) 

 
(e) 

 

Figure 4. The Q-switched EDFRL output pulse trains at the lasing wavelength of 1567 nm obtained 

without using a OTBPF in the cavity at the following pump currents of (a) 60 mA, (b) 70 mA, (c) 80 

mA, (d) 90 mA, (e) 100 mA. 

 

A self-starting and stable Q-switched fiber laser operation using GaAs SA without OTBPF was 

achieved after the threshold pump currents of 60 mA. The lasing oscillation was centered at a 
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wavelength of 1567 nm. The Q-switched lasing operation remained stable as the pump laser currents 

were raised up to 100 mA. Fig.4 shows the increment of the repetition rate from 5.27 kHz to 18.32 

kHz and the decreasement of the pulse with from 27.64 μs to 15.12 μs as the pump laser currents were 

increased from 60 mA to 100 mA. 

 

4. CONCLUSION 

 

In this study, highly stable Q-switched output pulses have been obtained in a bidirectionally pumped 

EDFRL configuration for a tunable wavelength range of 50 nm from 1520 nm to 1570 nm with an 

output average power of between +0.65 dBm and +1.53 dBm, the pulse width of 4.27 μs – 7.16 μs and 

the repetition rate of 51.51 kHz - 31.42 kHz for a moderate pumping level and non-optimized cavity 

losses. The Q switched output pulse trains were also obtained for different pumping levels at a natural 

lasing wavelength of 1567 nm in the cavity. The results show that Q-switching performance of 

wavelength tunable EDFRL design proposed can further be upgraded by optimizing the cavity length 

and losses. However, low damage threshold of GaAs based SA is serious limiting factor to be 

considered for high power applications. This kind of EDFRL Q switched pulse source can be widely 

used as a tunable laser source in DWDM optical communication systems operating in 1.55 μm region 

and for spectral response measurements in fiber optical sensor applications. In our future work, we 

will work on optimizing the cavity length and loss for a better Q-switching performance regarding 

wavelength tuning range, pulse width, repetition rate and output power. 
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