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Abstract

Laser-diode (LD) pumped passively Q-switched solid-state lasers are highly
efficient, stable and compact lasers with short pulse width, high peak power as well as
high repetition rate, and have potential applications in laser processing, laser ignition,
LIDAR, efficient nonlinear conversion, and so on. In this thesis, progress of
laser-diode pumped passively Q-switched solid-state lasers is firstly introduced,
together with the history of development of laser-diode pumped solid-state lasers.
Advantages and research progress of Yb**-doped materials used as laser media in
passively Q-switched lasers are introduced. Achievements and problems in
laser-diode pumped Cr,Yb:YAG self-Q-switched lasers are analyzed. Based on the
research progress and experimental results on optical and continuous-wave laser
properties of Yb:YAG and Cr,Yb:YAG materias, efficient laser-diode pumped
self-Q-switched Cr,Yb:YAG lasers by bonding Yb:YAG crystal and ceramic to
increase the absorption efficiency of pump power have been demonstrated for the first
time to our best knowledge. The effects of laser materials, output coupler transmission,
cavity length and absorbed pump power on laser characteristics including average
output power, pulse width, repetition rate, pulse energy, peak power and laser spectra
of Yb:YAG/Cr,Yb:YAG self-Q-switched lasers have been investigated in detail.

With 940 nm LD as pump source, the best laser performance of self-Q-switched
Cr,Yb:YAG lasers by bonding Yb:YAG crystal was achieved with Toc=50%; slope
efficiency of 25% was measured. Maximum average output power of 1 W was
obtained with Toc=50% at absorbed pump power of 5.4 W, corresponding
optical-to-optical efficiency of 18.5% was obtained with respect to the absorbed pump
power. With Toc=50%, laser pulses with pulse width of 25.4 ns, pulse energy of 36.4
uJ were obtained at absorbed pump power of 4.48 W, and corresponding peak power
of 1.43 kW with absorbed pump power of 4.48 W were achieved.

Best laser performance of self-Q-switched Cr,Yb:YAG lasers by bonding
Yb:YAG ceramic was achieved with Toc=20%. Average output power of 0.68 W was
obtained with Toc=20% at absorbed pump power of 4.48 W, corresponding



optical-to-optical efficiency of 15.2% was obtained with respect to the absorbed pump
power. For the same Toc=20%, the laser performance of Cr,Yb:YAG self-Q-switched
lasers by bonding Yb:YAG ceramic is better than that by bonding Yb:YAG crystal.
The slope efficiencies of Cr,Yb:YAG self-Q-switched lasers by bonding Yb:YAG
ceramic and crystal are 20% and 14% respectively; ratios of repetition rate increasing
with absorbed pump power are 12.7 kHzZ/W and 9.5 kHz/W respectively. With
absorbed pump power of 4.48 W, pulse widths are 21 ns and 26 ns respectively for
Cr,Yb:YAG sdf-Q-switched lasers by bonding Yb:YAG ceramic and crystal; pulse
energies are 15 pJ and 10 pJ, corresponding peak powers of 0.7 kW and 0.37 kW
respectively.

Key words: Cr,Yb:YAG,; self-Q-switched laser; Yb:YAG crystal and ceramic
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