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Table 1.  Reported experimental results of tunable green VECSEL.
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20084F University of Strathclyde 530 10 1 11 [17]
20124F Macquarie University 560 17.5 0.8 4.2 [18]
20124 Ulm University 520 22 4.1 22 [19]
20144F University of Arizona 532 5 2 5 [20]
20194F i PRIME R 559 4 65 mW 3.3 [21]
20244 AT AR 509 20.1 8.23 16.6
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Fig. 1. (a) Schematics of the epitaxial structure of the VECSEL wafer; (b) the reflection spectrum and the PL spectrum of the gain

chip.
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Fig. 2. (a) The V-type resonant cavity of the frequency-
doubled green VECSEL; (b) the photograph of the experi-
mental setup.
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Fig. 3. Changes of the cavity mode in the V-type cavity

with various position.
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Fig. 4. Tuning range of the fundamental laser with BRF
thicknesses of 1, 2, and 4 mm.
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Fig. 5. Tuning range of the frequency-doubled green laser
with BRF thicknesses of 1, 2, and 4 mm.
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Fig. 6. Output powers of the frequency-doubled green laser
under different BRF thicknesses of 1, 2, and 4 mm.
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Fig. 7. (a) Comparison of the output powers of the funda-
mental laser and the frequency-doubled green laser; (b) the
optical-to-optical efficiency from absorbed pump laser to

green laser.
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Fig. 8. Spectral linewidths of the VECSEL under free oper-

ation and inserting BRF with different thicknesses.
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Abstract

High power widely tunable green lasers have potential applications in many fields such as biomedicine,
lidar, laser spectroscopy, laser display, underwater wireless optical communication, and fine processing of
nonferrous metals. Vertical-external-cavity surface-emitting lasers, also known as semiconductor disk lasers,
have the advantages of high power, good beam quality, and wide bandwidth of gain medium. In this work, a
gain chip with a reverse-growth epitaxy structure and an emitting wavelength of 1018 nm is designed. In the
DBR reflection spectrum, a bandwidth of 74 nm is achieved above a reflectivity of greater than 99.1%, laying a
solid foundation for achieving high-power widely tunable output. The laser cavity combines a 1018 nm
semiconductor gain chip, a folded mirror, and a plane mirror to construct a compact V-type resonant cavity. A
class-1 phase-matched LBO nonlinear crystal with a length of 10 mm is placed at the beam waist of the cavity
to realize an efficient frequency doubling process to produce a 509 nm green laser. To meet the requirement for
the polarization during frequency conversion and to tune the oscillating wavelength of the laser, a birefringent
filter (BRF) is employed in the laser resonant cavity. When the thickness of the used BRF is 1 mm, the
obtained wavelength tuning range of the fundamental laser and the frequency doubled green laser are 47.1 nm
and 20.1 nm, respectively, showing a good tuning capability of the laser. The laser’s performance varies with the
thickness of the BRF. When using a 2 mm BRF, a maximum power output of the frequency-doubled green laser
reaches 8.23 W during continuous tuning, indicating an ideal compatibility of wide tuning characteristics with a
high power output. Meanwhile, its beam quality M? factors are 1.00 and 1.03 in the z- and y-direction,
respectively, demonstrating a near diffraction-limited excellent beam quality. This green laser also possesses a
frequency doubling conversion efficiency of up to 68.2%, which can efficiently converse the fundamental laser
into the frequency doubled green laser. The optical-to-optical conversion efficiency from the absorbed pump
light to the frequency-doubled green light also reaches 16.6%. Meanwhile, from the spectral linewidths of the
green lasers under different thickness values of BRFs it is found that the thicker the BRF, the narrower the
laser line width is, which is consistent with the theoretical result.

Keywords: external cavity surface emitting laser, intracavity frequency doubling, green laser birefringent

filter, tunable laser

PACS: 42.55.—f, 42.55.Px, 42.62.-b DOI: 10.7498/aps.73.20240499
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