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Intersubband transitions in n-doped coupled semiconductor quantum wells allow one to quantum-

engineer materials with tailored optical properties, including gain or loss at desired spectral positions, 
optical saturation and optical power limiting responses, as well as nonlinear responses for a variety of 
optical processes, including three- and four-wave mixing, Raman amplification, and others [1]. The 
intersubband transitions in these materials are limited, however, to electric field polarized perpendicular to 
the semiconductor heterostructure layers, which reduces their usefulness for free-space optics applications. 
This limitation can be removed if the intersubband transitions are coupled to electromagnetic modes of 
plasmonic nanoresonators fabricated on top and/or within the semiconductor heterostructure layers to form 
‘intersubband polaritonic metasurfaces’ (IPMs) as demonstrated in Ref. [2]. The intersubband nonlinear 
optical response of semiconductor heterostructures in IPMs can be further enhanced due to the field 
enhancement in the nanoresonators [3]. In this presentation, I will present our latest results on developing 
IPMs with giant second-order nonlinear optical response for frequency mixing and with strongly saturable 
absorption and power limiting responses. In particular, we will present IPMs designed for efficient mid-
infrared second harmonic and difference-frequency generation with controllable phases of the nonlinear 
optical response [4] and IPMs designed for power-limiting response that can potentially deliver over 20 dB 
reduction in reflectivity at high power illumination and may be engineered for operation at any wavelength 
in the mid-infrared spectral region. 
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