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Since the first quantum cascade (QC) laser was demonstrated in 1994
and implemented in THz regime in 2002, they have become one of the
most important solid state light sources in this frequency range. The
metal-metal (MM) waveguide was a key improvement in applying the
quantum cascade concept from mid-infrared to THz range, allowing for
a sub-wavelength field confinement. Nevertheless, this confinement
leads to a highly divergent beam from the facet. Different strategies like
photonic crystal (PhC) or metallic grating distributed feedback (DFB)
patterning for in plane or vertical emission have been developed.
However, most of these progresses were demonstrated in pulsed
operation mode. Continuous-wave (CW) operation performance is still
limited and far from being optimized, despite the fact that it is of a
crucial demand in astrophysics, biology, sensing, environmental and
pollutant monitoring, or security screening.
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Distributed feedback and PhC QC lasers are amongst the leading
candidates in the field of semiconductor light sources with high
performance CW and single mode operation in the THz frequency range
. Absorbing boundary condition is a commonly used method to control
the optical performance of a laser in double-metal confinement.
However, this approach increases the total loss in the device and results
in a large threshold current density, limiting the CW maximum output
power and operating temperature.

Swiss researchers now present a new approach: they replaced the loss
type boundary conditions by a second order Bragg grating which can
diffract TM polarized in-plane radiation at the required frequency into
vertical emission. More importantly, instead of absorbing the radiation at
the boundary, to ensure the single mode operation this Bragg grating
scatters them into desired vertical emission. A large pumping efficiency
with better heat flow dissipation is achieved: The new design enables
CW operation that is significantly improved in terms of maximum
output power and Tmax.

The team from Ecole Polytechnique Fédérale de Lausanne (EPFL) and
Eidgenössische Technische Hochschule Zürich (ETHZ) report single
mode surface emission with several milliwatts output power at 3.12 THz.
A maximum operation temperature (Tmax) of 100 K was achieved. The
scientists were able to demonstrate a highly collimated far-field pattern,
which is an important step towards real world applications.

Thanks to the scalability of PhCs, their new design can be applied
throughout the entire THz wavelength range, especially for longer
wavelengths. The researchers are convinced that a variety of real
applications of the CW operation THz light sources can be achieved in
the future with optimized slope efficiencies and remarkable output
powers above the liquid nitrogen temperature.
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https://phys.org/tags/frequency+range/
https://phys.org/tags/output+power/


 

  More information: Houdré, R., et al., Laser Photonics Rev., 7(5),
L45-L50 (2013); DOI: 10.1002/lpor.201300035
onlinelibrary.wiley.com/doi/10 … r.201300035/abstract
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