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Surface-Emitting Photonic-Crystal Quantum Cascade Laser Offering Both High Power and Narrow Beam B
Shape for Gas Sensing Applications X
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Attention is being focused on the quantum cascade laser (QCL), a type of semiconductor laser covering the medium- and far-infrared wavelength
ranges, as a potential candidate for small infrared light sources to be used in various laser-based applications including gas sensing and medical
equipment. However, higher manufacturing costs and lower beam quality are serious obstacle to their practical use.

As a solution to this issue, Toshiba Corporation has been developing a surface-emitting QCL using a photonic crystal (PC) to achieve a balance
between high output power and a narrow beam shape, in addition to high mass productivity. We have now designed and fabricated a PC capable
of efficiently oscillating a laser beam of high beam quality with a wavelength in the 4 um band through the use of various technologies including
electromagnetic field simulation and high-precision lithography and dry etching techniques. Experiments on a prototype surface-emitting PC QCL
have successfully realized the world’s first surface-emission lasing at a wavelength of around 4 um and confirmed that this newly developed QCL

achieves high beam quality with a laser beam divergence angle of less than 2 degrees.
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Conventional edge-emitting QCL and newly developed surface-
emitting PC QCL
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Scanning electron microscope (SEM) image of fabricated PC
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Cross-sectional and overall structures of surface-emitting PC QCL
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