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Abstract This paper proposes and demonstrates a method to produce narrow-linewidth, narrow-pulse-width, and
high-repetition-rate pulses with actively Q-switched ring-cavity all-fiber lasers based on acoustic-optic modulators.
We use a double-clad gain fiber as the cladding power stripper’s input fiber in the ring cavity to shorten the cavity
length and reduce reflections from the forward amplified spontaneous emission (ASE) at the output end of the gain
fiber, which can efficiently suppress the ASE gain self-saturation so that the effective cavity gain can be enhanced. The
narrow-linewidth Q-switched laser pulse can be established quickly, providing a narrow pulse width and high repetition rate
for the pulses. Our experimental results demonstrate that the laser can produce 150-kHz Q-switched laser pulses with a
narrow linewidth and pulse width of 0.16 nm and 10.4 ns, respectively, at a pump power of 7 W.
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LD: laser diode
MPC: multimode pump combiner

et / YDCF: Yb-doped double-clad fiber
. . Q CPS: cladding power stripper
& ksl OC: optical coupler
! MPC YDCF CPS AOM: acoustic-optic modulator
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Fig. 1 Schematic of actively Q-switched YDCF fiber laser with AOM
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Fig. 2 Output pulse characteristics of Q-switched fiber laser. (a) Output pulse waveforms at different pump powers with

square wave modulation frequency of 10 kHz and duty cycle of 1:1; (b) measured output pulse waveforms at

different duty cycles with square wave modulation {requency of 10 kHz and pump power of 7 W; (c) measured

output pulse spectrum with square wave modulation frequency of 10 kHz, pump power of 7 W and duty cycle of

1:10, in where inset shows spectrum with logarithmic coordinate
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Fig. 3 Output pulse characteristics with the square wave modulation frequency of 150 kHz and 155 kHz. (a) Output pulse

waveforms with the square wave modulation frequency of 150 kHz, the duty cycle of 1:53, and the pump power of

7 W; (b) output pulse waveforms with the square wave modulation frequency of 155 kHz, the duty cycle of 1:64,

and the pump power of 7 W; (c¢) backward spectra measured at the idle pump port of MPC with square wave

modulation frequencies of 150 kHz and 155 kHz, respectively; (d) normalized linear coordinate spectra of output Q-

switched pulses with square wave modulation frequencyies of 150 kHz and 155 kHz, respectively
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Fig. 4 Output pulse characteristics with the square wave modulation frequency of 170 kHz, the duty cycle of 1:50,

and the pump power of 7 W by using a FBG with 1-nm bandwidth in the laser. (a) Pulse train; (b) pulse waveform;

(¢) pulse spectrum
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