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Passively Q-switched single-frequency Nd:YAG ring laser with feedback
and phase conjugation
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Q-switched Nd:YAG lasers producing narrow-tinewidth pump beams are imperative
tor efficient and reliable operation of diverse devices based on nonlinear optical
conversion, such as harmonic gencrators, optical parametric oscillators ete. At present
injection seeding! is considered to be the mest advanced method to produce single-
frequency oscillation in Q-switchéd solid-state lasers. However the injection seeded
systems are rather complicated as they virtually employ two lasers: low power, frequency-
stabilized, narrow-bandwidth oscillator and a regenerative amplifier. Alternative optical
schemes based on ring resonator arrangement, being much simpler, sufter from refatively
low pulse energy, usually 10..20 mJ). Besides some promising ring arrangements are
poorly investigated with respect to pulse-to-pulse energy/shape stability.

In our research we have studied a nunber of ring laser configurations with optical
feedback. The important property of these is that unidirectional lasing can be sustained
within a substantial change ol feedback coupling. Even 10% feedback was enough for
stable lasing of ripple-free pulses (Fig.1}.
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Fig.I. Oscilloscope traces of the recorded faser pulses.
No feedback, single pulse (a), with feedback: 160 pulses overlapped (b},
320 pulses overfapped {c), 640 pulses overlapped (d)

Lower feedback resulted. i more often maode beats in the output pulses. We found
experimental arrangements for which the modulation was Jess than 5% for 99% of pulses
with pulse-to-pulse energy slability within +/-3% for thousands of shots. The e(fect of
sustaining single-frequency lasing by a high transmission mirror, serving as the feedback ,
extends opportunities of ring lasers.  In particular additional energy extraction is
achieved in the schemc which incorporates glass etaion (both surfaces being uncoated) as
the feedback, phase conjugation mirror positioned behind the ctalon, und Faraday
rotator serving for rejection of the taser pulse from the ring resonuor. The oscillator
based on this design produced simgle-frequency, near dilivaction limited radiation with
energy up Lo 200 mJ in a12-ns pulsc at 20 Hz,

The computee model, m which rate equations lor passive Q-switching and transient
effects in the phase-conjugator were used, adequately describes the experimental results.
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Long-wavelength Vertical Cavity Lasers (VCLs) emitiing at 1300 or 1550nm
are considered as promising candidates as low-cost light sources in fiber optical
communication systems. Despite the success of their short-wavelength counterparts,
and even the demonstration of well-above room temperature continuous operation of
a double-fused VCSEL at 155nm /1/, their final demand on mirrer reflectivity
(>99.5%), uniform current injection and exact gain-cavity tuning, is even further
pronounced in the Jong wavelength regime. This is mainly due to excessive losses
(intervalence band absorption, Auger recombination and diffraction) and a relatively
small refractive index difference in the InGaAsP/InP system. To overcome these
problems, several generically different desighs have been presented and investigated.
The so far most successful approaches use at Jeast one wafer fusion step to combine
an InGaAsP active layer with one or two AlGaAs/GaAs DBRs. However, such
solutions are rather complex from a processing point of view, not yet demonstrated as
full two-inch compatible. A more attractive design in this respect is based on the
combination of an InGaAsP/InP bottom DBR and a dielectric top mirror. So far such
iasers have been limited to low-temperature operation /2/, but significant
improvements can still be expected from a better optimized current injection scheme
or improved dielectric mirror quality. Alternative approaches, e.g , based on GalnNAs
lattice matched 1o GaAs as active material may also become of importance

In this contribution, we compare the design and characterization of some
ditterent InGaAsP-based long-wavelength VCLs involving zero, one or two wafer
fusion steps. We are thereby able to identify key parameters important to device
performance, especially elucidating the role of the mirrors and a homogeneous current
injection, We also detail critical p ing steps for realizing long: length VCLs
such as wafer fusion, selective AlGaAs-oxidation and epitaxial semi-insulating
regrowth around the laser mesas.
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