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Abstract: We have demonstrated a stable ytterbium mode-locked fiber laser with an all fiber,
bandwidth tunable spectral filter which can generate mode-locked spectrums of different shapes and
bandwidth. © 2020 The Author(s)
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1. Introduction

An intracavity spectral filtering is an effective pulse shaping mechanism for all normal dispersion (AND1) lasers. It
can be realized with the help of free space optical components [1,2] or fiber based spectral filters [3-9]. The latter
being attractive because of the all fiber oscillator design. Although the Lyot filter mentioned in Ref. [8] is very simple
to implement, the bandwidth of the filter is not easily tunable. It is highly desirable to design a fiber-based filter with
an adjustable bandwidth to control spectral bandwidth and central wavelength tunability of a mode-locked fiber
oscillator [9]. In this paper, we have numerically and experimentally demonstrated a mode locked ytterbium (Yb)
laser using an all fiber, bandwidth tunable spectral filter. Our spectral filter design is based on a single mode fiber
(SMF) spliced between two polarization maintaining (PM) fibers and its bandwidth can be easily tuned by changing
the polarization state inside the SMF.

2. Numerical and experimental results

The schematic of the fiber based spectral filter is shown in Fig. 1. A short section of SMF (~ 13 cm) is spliced between
two PM fibers which in turn are spliced to two in line polarizers at an angle of 45 degree. The PM fiber sections are
~9 cm and ~12 cm each. The polarization state inside the SMF can be changed by tuning the polarization controller
(PCI).
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Fig. 1. Schematic of fiber based spectral filter. P: polarizer, PC: polarization controller, PM: polarization maintaining fiber, SMF: single mode
fiber

The transmission spectrum of the filter can be easily simulated using Jones calculus. The SMF is treated as a rotating
waveplate and the bandwidth (BW) of the transmission spectrum is adjustable by changing the rotation angle of this
waveplate. With the promising simulation results, the transmission spectrum of the spectral filter was measured by
passing a broadband spectrum through it. Figure 2 shows that the numerical and experimental results match well.
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Fig. 2. The theoretical (dashed line) and experimental (solid line) transmission spectra of the filter for the different settings of the PC1.

The same filter was introduced in a Yb laser cavity and the experimental configuration of the oscillator is schematically
illustrated in Fig. 3. A WDM couples 976 nm pump into 55 cm of Yb gain fiber followed by ~1 m of SMF. PC2, a
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QWP, a HWP, and a PBS serve as an artificial saturable absorber to start the mode-locked operation. The output of
the laser is taken directly from the PBS ejection port. An isolator ensures unidirectional operation. A HWP after the
isolator adjusts the polarization to maximize the transmission of the spectral filter. A fiber-based coupler is used to
monitor the output after the spectral filter. Output
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Fig. 3. Experimental set up. PBS: polarizing beam splitter, QWP: quarter wave plate, HWP: half wave plate, WDM: wavelength division
multiplexer, PC: polarization controller

Experimental results are shown in Fig. 4. Figure 4(a) shows the spectrum at the 20% coupler port when a broadband
amplified spontaneous emission (ASE) is coupled into the spectral filter which in turn depicts the shape of the spectral
filter. Figure 4(b) illustrates the spectral filter output at the 20% coupler port when the laser is mode locked. The
mode-locked output is obtained at the PBS ejection port and it is shown in Fig. 4(c). Therefore, it is possible to generate
completely different shaped mode-locked spectra as output by simply adjusting PC1. Moreover, the bandwidth of the
spectrum as well as central wavelength can be tuned.
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Fig. 4. Experimental spectra for the two different settings of the PC1 (shown by blue and red curve) at the (a) 20% coupler port with the ASE as
input (b) 20% coupler port when the laser is mode-locked (c) PBS ejection port

3. Conclusion

We have numerically and experimentally investigated a fiber based spectral filter, the bandwidth of which is easily
tunable without changing the length of the fibers. This spectral filter was successfully implemented inside the laser
cavity which generated stable mode-locked pulses and their spectral bandwidths can be changed by adjusting the
bandwidth and shape of the filter. Further experimental investigation of this laser cavity is currently underway.
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