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Many industrial and scientific applications require extremely short (< 1 ns) high peak power (> 100 kW) 

laser pulses. A sub-ns passively Q-switched composite Yb:YAG/Cr4+:YAG microchip laser was reported 
recently, operating at up to 3.5 kHz with 175 µJ pulse energy [1]. Owing to extremely high intracavity power 
density and reliability issues, a different approach relying on a moderate-energy high-frequency oscillator and a 
single amplifier stage looks more flexible and power-scalable. 

In this work we present a sub-nanosecond passively Q-switched multi-kHz laser system in a Master 
Oscillator Power Amplifier (MOPA) configuration. The system setup is shown in Fig. 1(a). 

The master oscillator was a Cr4+:YAG passively Q-switched Nd:YAG laser, longitudinally pumped by a 
pulse-driven 40-W diode laser array. By a proper choice of Cr4+:YAG unsaturated transmission and output 
coupling we obtained in a 10-mm long, plane-concave resonator up to 66-µJ, 600-ps long pulses (see Fig. 1(b)). 
Diffraction-limited and single-longitudinal mode operation was observed up to the maximum repetition 
frequency of 10 kHz. 

Owing to the good overlap between Nd:YAG and Nd:YVO4 gain bandwidths, we can exploit both materials’ 
favourable characteristics taking advantage of Nd:YAG physical properties for an efficient passively Q-switched 
oscillator and design a simple compact, grazing-incidence Nd:YVO4 amplification stage [2–4]. 

The amplification medium was a 4 × 2 × 15 mm3, 1% doped, 6° wedged slab with input and output beam 
faces antireflection-coated at 1064 nm and the pumped side AR-coated at 808 nm. The slab was pumped by a 40-
W cw diode laser array, tuned at 808 nm and collimated by a microlens, yielding a vertical gain sheet of about 
300 µm. The 4 × 15 mm2 faces of the slab were placed in contact, by thin indium foils, with a water-cooled heat 
exchanger. In order to optimize the energy extraction both the incidence angle and the seed beam waist inside the 
amplifier medium must be properly controlled. The optimization of the energy extraction efficiency and the 
control of the thermal aberrations was achieved by carefully matching the mode size of the injected seed to the 
amplifier gain sheet dimensions. For that reason the transverse seed spot needed a different focusing along the 
vertical and horizontal axes using a cylindrical telescope. The grazing angle has been chosen to be as small as 
possible in order to maximize the gain while avoiding clipping effects. 

As shown in Fig. 1(b) (inset) at a maximum energy injection of 66 µJ, we obtain up to 375 µJ pulse energy 
corresponding to an average power as high as 3.75 W at 10 kHz repetition rate. No distortions in the pulse shape 
and in the beam quality has been observed. Single-pass small-signal gain was ≈ 26 at 10 kHz. 
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Fig. 1 (a) Laser system setup: M1, M2, M3: turning mirror; LD: laser diode. (b) Oscilloscope trace of the laser pulse at 10 
kHz and output pulse energy versus input pulse energy of the power amplifier stage (inset). 
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