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ABSTRACT

We demonstrate a compact all-room-temperature picosecond laser source broadly tunable in the visible spectral region
between 600 nm and 627 nm. The tunable radiation is obtained by frequency-doubling of a tunable quantum-dot
external-cavity mode-locked laser in a periodically-poled KTP multimode waveguide. In this case, utilization of a
significant difference in the effective refractive indices of the high- and low-order modes enables to match the period of
poling in a very broad wavelength range. The maximum achieved second harmonic output peak power is 3.25 mW at
613 nm for 71.43 mW of launched pump peak power at 1226 nm, resulting in conversion efficiency of 4.55%.
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1. INTRODUCTION

Widely tunable compact laser sources emitting light with picosecond pulse duration in the visible spectral region are
of considerable interest for various applications, such as biophotonics [1], photomedicine [2,3] and laser-projection
displays [4]. An attractive method for the realization of portable visible laser sources is frequency-doubling of infrared
light in a nonlinear crystal containing a waveguide [5]. In this respect, the recent availability of low-cost, good quality
InAs/GaAs quantum-dot (QD) lasers, allowing the coverage of a broad spectral range between 1.1 pm and 1.3 pm [6], in
combination with well-established techniques to fabricate good quality waveguides in nonlinear crystals, enables
compact tunable CW laser sources in the visible spectral region to be realized [7]. Furthermore, QD materials have
shown a great promise for ultrafast technology [8], thus making quantum-dot external-cavity mode-locked diode lasers
(QD-ECMLLSs) [9] excellent candidates for the development of compact room-temperature tunable ultrashort pulse
sources in the visible spectral region based on second harmonic generation (SHG). Such sources can be based on a single
laser diode and a single crystal waveguide and can be realized by utilization of a significant difference in the effective
refractive indices of the high-order and low-order modes in multimode waveguides. This concept enables one to shift the
difference between the effective refractive indices of the fundamental and SHG waves to match the period of poling in a
very broad wavelength range.

In this work we demonstrate a compact all-room-temperature laser source broadly tunable in the visible spectral
region (600 nm - 627nm) in the picosecond regime. The tunable radiation is obtained by SHG in a periodically-poled
potassium titanyl phosphate (PPKTP) waveguide using a tunable QD-ECMLL. The maximum SHG output peak power
of 3.25mW at 613nm is achieved for 71.43mW of launched pump peak power at 1226nm, resulting in conversion
efficiency of 4.55%. The demonstrated concept opens-up a new avenue for an order-of-magnitude increase in the
wavelength tuning range for frequency conversion from a single crystal.
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2. TUNABLE SECOND HARMONIC GENERATION

The idea of enabling broadly tunable SHG used in this work is based on the utilization of a significant difference in the
effective refractive indices of the high-order and low-order modes in the waveguide [7], that enables one to shift the
difference between the effective refractive indices of the fundamental and second harmonic waves to match the poling
period in very broad wavelength range limited mainly by the waveguide refractive index step, as shown schematically in
Figure 1 (a).
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Figure 1. (a) Simplified schematic of the effective refractive indices for the fundamental and second harmonic modes of
different order. The waveguide refractive index profiles in two orthogonal planes are shown by the solid and dashed lines.
(b) Microscope photograph of the cross section of a Ba/Rb-exchanged channel waveguide in a KTP crystal [10].

3. EXPERIMENTAL SETUP

For this work, an experimental setup, as shown in Figure 2, was used. The laser pump source consisted of a QD gain chip
of 4 mm total length with 1-mm absorber, similar to the described in [9]. The active region of the gain chip contained 10
non-identical InAs QD layers, incorporated into AlyssGagesAs cladding layers and grown on a GaAs substrate by
molecular beam epitaxy. The gain chip ridge waveguide was angled at 7° relative to the normal of the AR-coated back
facet (both facets had conventional AR coatings, resulting in total estimated reflectivities of 107 for the front facet and
less than 107 for the angled facet). The gain chip was set-up in a quasi-Littrow configuration [6], whereby a diffraction
grating with 1200 grooves/mm was used to provide the first order diffraction beam back to the gain chip, and thus
enabling to achieve a broad wavelength tunability.
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Figure 2. Simplified schematics of the experimental setup consisting of diffraction grating (DG), 40x AR-coated aspheric
lenses, QD gain chip, optical isolator (Ol), half-wave plate (A/2), PPKTP waveguide and filter.
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Coarse wavelength tuning between 1193 nm and 1284 nm was possible for pump current of 900 mA and reverse bias of
3V. Pulsed operation was observed at any wavelength. The laser output was coupled into the uncoated PPKTP
waveguide (Figure 1 (b)) with the poling period of ~13.82um, which was 13 mm in length and had a cross-sectional area
of ~44um®. The waveguide was fabricated by ion-exchange technique that provided a refractive index step of ~0.01 [7].
Both the pump laser and the PPKTP crystal were operating at room temperature. The frequency-doubled output light was
then collected by a power meter after a suitable filter at the fundamental wavelength.

4. EXPERIMENTAL RESULTS

Tunable picosecond second-harmonic generation in the spectral region between 600 nm and 627 nm was achieved for
the laser output tuned across the 1200nm — 1254 nm wavelength range under an applied constant current of 900 mA and
reverse bias of 3 V. The optical spectra of efficient second harmonic generation at 600 nm, 613 nm and 627nm are
shown in Figure 3. The autocorrelation signals and the corresponding RF spectra for frequency-doubled light at these
wavelengths are shown in Figure 4 (a-f). A measured Gaussian fitting pulse shape resulted in deconvolved pulse duration
varied between 14.7 ps and 29.3 ps across the tuning range under a constant bias condition.
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Figure 3. Optical spectra of the second harmonic generation at the wavelengths: 600nm, 613nm and 627nm.
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Figure 4. Autocorrelation signals and corresponding RF spectra at 600nm, 613nm and 627nm.
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The maximum SHG output peak power of 3.25 mW at 613 nm was achieved for 71.43mW of launched pump peak
power at 1226nm, resulting in conversion efficiency of 4.55% (Figure 5). SHG at 600 nm and 627 nm, which
corresponded to phase-matching between fundamental and SHG modes of different order, was demonstrated with output
peak power of 0.95 mW and 0.66 mW and with conversion efficiency of 1.5% and 0.92%, respectively. A photograph of
the second harmonic generation in the PPKTP waveguide pumped by the tunable QD-ECMML is shown in Figure 6.
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Figure 5. Frequency-doubled output peak power versus launched pump power for 600nm, 613nm and 627nm.
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Figure 6. Efficient second harmonic generation at 613nm from a PPKTP waveguide end-pumped by a quantum-dot tunable
mode-locked laser.
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5. CONCLUSSION

Tunable all-room-temperature picosecond laser source in the visible spectral region (between 600 nm and 627 nm) based
on a single widely tunable QD diode laser and a single PPKTP waveguide was demonstrated by utilization of a
significant difference in the effective refractive indices of the high-order and low-order modes in multimode waveguide.
A frequency-doubled peak power of up to 3.25 mW at the wavelength of 613 nm was achieved. This represents a
practical broadly tunable visible laser source operating in the picosecond regime which is of considerable interest for a
wide range of applications. Further work on the improvement of SHG conversion efficiency and further extension of
tunability is currently under way.
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