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Abstract: Mid-infrared photonic integrated circuits have been attracting a lot of interest for applications in
environmental monitoring, medical diagnosis and national defense. However, the integration of laser sources with
low-loss mid-infrared waveguide circuits is challenging. Quantum cascade lasers (QCLs) are important
semiconductor laser sources operating in the mid-infrared spectral range. In this review paper, the research
progress of the photonics integration of mid-infrared QCLs in recent years was introduced. Several different
approaches were reviewed, including monolithic integration on InP, monolithic integration on silicon,
heterogeneous integration on silicon and III-V/Germanium hybrid external cavity laser.
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Fig.1 (a) Monolithically integrated QCL device developed by MIT Lincoln Laboratory, part of the QCL waveguide is proton implanted to reduce the

free-carrier and intersubband transition loss!'; (b) Schematic of the evanescently coupled monolithically integrated QCL device!"; (c) Monolithic

integration of mid-infrared QCL with low-loss passive waveguides via butt-coupling¥, the InGaAs passive waveguide layer is grown on the

sample after most area of the wafer is removed by wet etching; (d) CW mode light-current-voltage (LIV) curve of the monolithically integrated

QCL device schematically shown in Fig.1(c) "*!
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Fig.2 (a) Surface morphology of the QCL wafer grown on silicon
substrate!"®!; (b) LIV characteristics of a QCL device grown on

silicon substrate!'®)
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Fig.3 (a) Schematic of the QCL heterogeneously integrated on a silicon
waveguide®™; (b) LIV characteristics of the heterogeneously

integrated QCL in pulsed operation®”!
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Fig.4 (a) Schematic of the III-V/germanium hybrid external cavity

laser™™); (b) Superimposed lasing spectra obtained by tuning the
DBR™!
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Tab.1 Comparison of different photonic integration approaches for mid-infrared QCLs

Integration Integration Active-passive Lo . Current Detector
. . Heat dissipation Process yield . .
approach density coupling performance integration
Monolithic integration on InP * %k Kk * * * * % * * % * * * * %
Monolithic integration on Silicon * ok k - * * * * * *
Heterogeneous integration on silicon * K K * * * * * * * *
Hybrid external cavity * * * % % * % % * -
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