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Abstract: Quantum Cascade Laser (QCL) owns the characteristics of small volume, light weight, tuned wavelength, and
the emission light can cover from infrared to terahertz, which makes it have the widespread applications in the trace gas
sensing, directed infrared countermeasures, free space optical communications, as well as infrared imaging and spectroscopy
fields. Since the first invented QCL in 1994, high power, high wall plug efficiency, and continuous-wave QCL at room
temperature has always been the goal of people’s research. Firstly, this review introduces the recent progress in the designs of
active region, waveguide, and heat dissipation. Secondly, the development and evolution of mid-wave infrared (4 pm~5 pm)
and long-wave infrared (8 pm ~12 pm) high power room temperature continuous-wave QCL, and high power pulsed QCL are
mainly discussed. Finally, the epitaxy technology of high power QCL chip is briefly introduced.
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Fig.4 Changes of calculated refractive index and absorption with wavelength and carrier density
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Fig. 5 Thermal simulations of quantum cascade laser chips under different device processes and packaging
conditions: buried heterostructure, and epilayer-up bonded (a) without electroplated gold and (b) with

electroplated gold; buried heterostructure with electroplated gold, and epilayer-down bonded on (c) copper
heatsink and on (d) a CVD diamond submount 2]
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Table 2 Research progress of output power and wall plug efficiency of mid-wave infrared (4 pm~5 pm)
quantum cascade laser of single chip
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Fig. 6 Band structure and wave function
diagram of the nonresonant extraction design.( E4
is the upper laser level, E; is the parasitic level,
Ec is the continuum states, E; is the lower laser
level, E, is the lower level, and E; and E;- is the
lowest level. Inset shows a classic two phonon
resonant design*!) .
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Table 3 Research progress of output power and wall plug efficiency of long-wave infrared (8 pm~12 um)
quantum cascade laser of single chip
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Fig. 9 Band structure and wave function diagram of
the nonresonant extraction design. E4 is the upper
laser level, Es is the parasitic level, Ec is the

continuum states, E; is the lower laser level, E, is the
lower level, and E; and E;: is the lowest level'®
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Fig. 10 Band structure and wave function diagram
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Fig. 11 (a) Output power and (b) wall plug efficiency of quantum cascade laser with different ridge widths
operating in pulsed mode at room temperature, the emission wavelength is around 4.45 um!®”
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