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Abstract

A Kerr-lens mode-locked Tm:YAP laser operating at a gigahertz-level pulse repetition frequency
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was first demonstrated using a simple linear cavity configuration. Mode locking is achieved exclu-
sively through the third-order nonlinearity of the crystal, without requiring any additional optical
components in the resonant cavity. Stable continuous mode-locking operation is realized at a pump
power of 7.27 W. When the pump power is increased to 9.66 W, a maximum average output power
of 2.80 W is obtained at 1991.2 nm, with a pulse width of 33.61 ps and a repetition frequency as high
as 3.04 GHz. This represents the highest output power achieved in self-mode-locked solid-state la-
sers doped with Tm ions. This work provides a new approach for generating high-power, high-rep-
etition-rate ultrafast pulses in the 2 pm wavelength band.
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Figure 1. Experimental setup of the self-mode-locked Tm:YAP laser
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Figure 2. Variation of oscillation spot radius with injected pump power
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Figure 3. Average output power of the self-mode-locked Tm:Y AP laser as a function of incident pump power. The insets show
typical mode-locked pulse trains in the Q-switched mode-locking and continuous mode-locking regimes, respectively
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Figure 4. Spectrum of the self-mode-locked Tm:YAP laser at the maximum average output power
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Figure 5. Pulse temporal sequences of the self-mode-locked Tm:YAP laser at time scales of 4 ns and 1 ps
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Figure 6. (a) Radio frequency spectrum of the continuous self-mode-locked Tm:YAP laser over a frequency range of 14 GHz.
(b) Radio frequency spectrum of the continuous self-mode-locked Tm:YAP laser over a frequency range of 80 MHz
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Figure 7. (a) M? measurement of the self-mode-locked Tm:Y AP laser at an average output power of 2.80 W (inset: showing
the two-dimensional far-field beam profile). (b) Power stability measurement of the self-mode-locked Tm:YAP laser
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