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I. INTRODUCTION 

 

Q-switched lasers systems with ns pulse duration and energies ranging from 1 to more than 100mJ are utilized 

for many spaceborne applications such as altimetry of planets and moons. Furthermore, Q-switched lasers can 

be used for distance measurements during docking and landing manoeuvres. To keep the diameter of the beam 

small over a large distance and to consequently achieve a good lateral resolution, a good beam propagation 

factor M² is required. Moreover, Q-switched lasers can be used directly on the planetary surface for exploration 

by laser-induced breakdown spectroscopy [1] or laser desorption mass spectrometry [2]. 

 

 

II. PASSIVELY Q-SWITCHED LASERS 

 

Passive Q-switching enables a very compact laser design, because the Q-switch is introduced by a saturable 

absorber instead by an electro-optical or acousto-optical modulator into the laser cavity. This approach 

decreases complexity of the system and saves mass as well as space. Passively Q-switched diode pumped solid-

state lasers have been demonstrated to withstand harsh space environments while being realized within a low 

mass budget [3, 4]. However, in most cases passive Q-switching is implemented in microchip lasers usually 

emitting several tens of µJ at a repetition rate of several kHz. For passively Q-switched lasers at low repetition 

rates of several tens of Hz and good beam quality usually 1-3mJ are achieved [1-4]. At higher repetition rates 

the heat dissipation in the laser rods can lead to thermal effects resulting in a bad beam quality or even to stress-

induced fracture of the laser crystals. Further optimization work towards high energy passively Q-switched 

lasers with higher repetition rates has been initiated by using multi-segmented Nd:YAG laser crystals and 

pumping at a wavelength of 885nm instead of 808nm [5]. In order to enable a longer energy storage time and 

therefore to save pump diode peak power Nd:YLF instead of Nd:YAG crystals have been used, which exhibit a 

fluorescence lifetime of 470µs compared to 230µs for Nd:YAG [1]. For further energy scaling often a master 

oscillator power amplifier (MOPA) configuration is used [3, 6, 7]. However, this study focusses on the energy 

scalability of passively Q-switched low repetition rate oscillators at good beam quality.    

 

 

III. ENERGY SCALING PASSIVELY Q-SWITCHED OSCILLATORS 

 

For the experimental setup, which is shown in Fig. 1, a fiber-coupled q-cw diode laser (DILAS GmbH, N7F-

806.7-1000Q-H207) with a peak output power of 1 kW, a pump pulse duration of 200 µs and a repetition rate of 

10 Hz was used as a pump source. The q-cw diode module with a spectral width of 2.5 nm (FWHM) was 

temperature stabilized by a thermo-electric cooler. To maximize pump light absorption in the laser rod, the 

pump wavelength was matched by temperature tuning of the pump diode module to 806 nm. The fiber tip with 

800 µm core diameter was imaged by two lenses into the laser rod, which was mounted in a temperature-

controlled holder.  

 
Fig. 1. Experimental setup of the passively Q-switched oscillator. 

 

By end-pumping with a fiber coupled pump diode and the corresponding good overlap between the pump light 

and the laser mode, a good beam quality is usually achieved at efficient operation. The dichroic mirror of the 

laser oscillator was directly coated on the 1at. % doped 25mm long Nd:YAG crystal rod. The other endface of 

the rod had an antireflection coating for 1064 nm. The barrel surface of the rod was roughened to avoid 
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transversal self lasing at high pump energies [8]. The oscillator had a length of 80mm. A Cr:YAG saturable 

absorber with a linear transmission of 10% had been chosen. The pump spot diameter (Øpump) was increased 

from 800µm to 1600µm by changing the imaging lenses of the pump optics. Due to the larger pumped volume, 

the working point of the passively Q-switched laser changed towards higher pulse energies (Epulse, Tab. 1), 

whereas the optical-to-optical efficiency (opt.-opt) stayed at approximately constant value. The beam propagation 

factor M²-value slightly increases with the pumped volume.  

 

Tab. 1. Energy scaling by increasing the pump spot in the laser crystal. 

 

Øpump/µm 800 1000 1200 1600 

Epulse/mJ 3.3 4.8 7.0 11.6 

Epump/mJ 32.6 47.6 62.3 104.7 

opt.-opt/% 10.2 10.1 11.3 11.1 

M² 1.1 1.3 1.6 1.9 

FWHM/ns 2.6 2.6 2.6 2.6 

 

IV. DISCUSSION 

 

Using solely an oscillator for pulse energy scaling can lead to a less complex laser design compared to MOPA 

configurations, at the cost of a lower optical-to-optical efficiency and a slightly worse beam quality. End 

pumped MOPA configurations, where a passively Q-switched oscillator is amplified by two subsequent 

amplifier stages, have been realized, e.g. a 50mJ MOPA with a beam propagation factor of M²<1.3 [6]. Here, 

more than 50mJ were achieved at a total pump power of Epump ~240mJ (opt.-opt=20%). A MOPA design which 

contains less complexity can be implemented by pumping the oscillator and one amplifier with the same pump 

diode [7]. In this case, a pulse energy of 8.4mJ at a duration of FWHM=2ns and a beam propagation factor of 

M²=1.5 was achieved at a pump energy of 160mJ. The efficiency of this system might be increased by 

optimizing the pump diode pulse duration and the oscillator pulse energy for better amplifier saturation.  

 

V. SUMMARY 

  

Scaling the pulse energy of a passively Q-switched oscillator is an easy technique for achieving higher pulse 

energies at good beam quality. However, an oscillator contains less complexity, but usually operates less 

efficient than a MOPA configuration.  
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