High-Power Semiconductor Laser with Diffraction-Limited Output Beam
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High-power semiconductor lasers could be used as pumping sources for solid-state lasers, fiber lasers, Raman
lasers, and for material processing and medicine applications, etc. To increase the output power, broad-area laser diodes
are usually used, but beam quality is easily degraded due to filamentation. Other methods like flared or tapered
waveguides [1]-{3] have been used to improve beam quality. However, effects like spontaneous emission, [4] thermal
lensing, and intrinsic property of semiconductor materials [5] etc. still degrade the beam quality. In this work, we
discover a new broad-area waveguide structure that could result in high output power with diffraction-limited beam.

The structure has the broad-area waveguide similar to. the conventional broad-area laser diodes, but the
waveguide is aligned at 7° from the normal of the cleaved facets. The waveguide is very bracd. The width is 100 pm. Its
length is 1.5mm. In the fabrication, reactive-ion-etching technique was used to create the ridge-type broad-area
waveguide, which is critical and different from the usual broad-area laser diode. Etching was stopped at about 100 nm
above the separate confinement hetero-structure layer of the epitaxial layers. Standard processing steps were applied for
other fabrication steps. Due to the angled waveguide, the light path follows a zigzag line, which is simiar to the path in
angle-grating distributed feedback lasers. [6] However, the zigzag path in our devices is not due to reflection caused by
the grating structures. Instead, it is due to the reflection of the boundaries of the ridge-type broad-arca waveguide. We
call the devices as angled broad-area semiconductor lasers because the waveguide is aligned not normal to the cleaved
facets.

The angled broad-area semiconductor laser was measured with and without feedback from an external mirror. |
Because of the zigzag path, the light could propagate between the two cleaved facets and oscillate in the device.
Therefore, the device could lase by itself without external feedback. At lasing, the output light mainly emits at the
direction normal to cleaved facet. The FWHM divergence angle of the far-field intensity is about 5°. Another lobe of
far-field intensity was also observed at an angle of 42° from the facet normal. The near-field intensity was measured.
The FWHM width is 77 pm, but the entire region of the near-field is more than 100um probably because of the current
spreading. When the angled broad-area semiconductor laser was setup in an external cavity with light emitted from one
of the facets feedback by an external mirror, the output power was significantly increased. The output light could be
more than 2W. The FWHM horizontal divergence angle is also reduced to as small as 0.7°. The second lobe of far-field
intensity at the angle of 42° from the facet normal almost disappeared when there was feedback. In the meantime, the
near-field distribution is broadened to have a FWHM width of 160 um, corresponding to diffraction limit.

_The spectrum of the angled broad-area semiconductor laser was also measured. Before lasing, the spectrum is
very broad because nonidentical multiple quantum wells [7] are used as the gain medium. The FWHM spectral width is
140 nm, covering from 1500nm to 1640nm. When the device lases, the spectral width is narrowed, but is stili not a
single frequency because there is no wavelength selection mechanism in the device except the gain dynamics. Without

* the external feedback, the spectrum covers from 1607 nm to 1620 nm. With the external feedback, the spectrum covers
from 1605 nm to 1626 nm.

Compared to the usual broad-area or tapered waveguide lasers, the output beam is significantly improved.
Because the phase front of the beam is not orthogonal to the waveguide direction, effects like thermal lensing,
nonuniform current distribution across the waveguide, and so on do not always occur at the same lateral location of the
beam, feading to the improved bearn quality. The details will be discussed in the presentation.
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