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The integration of quantum well infrared photodetectors (QWIPs) with plasmon cavities has allowed
for demonstration of sensitive photodetectors in the mid-infrared. These detectors typically use only a
single type of plasmon cavity to match the cavity and quantum well absorption peaks. In contrast,
metasurface absorbers combining multiple cavities in a single subwavelength period can generate complex
photoresponses such as multi-band or broadband absorption. Here, we use a simple square cavity design as
a building block for demonstrating detectors with a broadened photoresponse. For square cavities with L =
0.99 um, we observe a maximum responsivity of 3.9 A/W at 7.04 um and a detectivity of 3.7x10'° cm
Hz2/W, comparable to previous high-detectivity designs!- (3.9x10° cm HzY2/W).

This high performance suggests that we can adopt more complex cavity designs to our detectors. By
adopting a patchwork of square cavities with different resonances*, we can use resonant photon sorting to
broaden the detector photoresponse. We realize a maximum responsivity of 4.3 A/W at 6.78 um in a 4
Patch detector and photoresponse 1.5 times broader than a 1 Patch detector. Absorption behavior is
analogous to initial reports on simple metasurface absorbers?, and suggests integration of metasurface
cavities with complex photoresponses should allow detectors with greater functionalities to be realized.
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Figure 1 —a) Schematic of square patch structure. b) Calculated absorption used for cavity design. L =
0.89 um and P = 1.8 um gives resonance that matches quantum well absorption peak at 6.73 um (red line).
c¢) Schematic of device operation. d) Responsivity spectra of square cavity detectors with increasing L
values. ) SEM images of 1 Patch (L = 0.99 pm, P = 1.8 um), 2 Patch (L1 = 0.90 um, L> = 1.06 pm, P =
2.8 um), and 4 Patch (L1 = 0.87 pum, L2 =0.94 pm, L3 = 1.01 um, L4 = 1.07 um, P = 3.3 um) detectors. f)
Reflectivity and g) responsivity spectra of all three detectors.
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