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High sensitivity metamaterial heterodyne detectors at A = 9um operating room temperature
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Room temperature operation is mandatory for any optoelectronics technology which aims at low-cost and compact
systems for widespread applications. In this work we present a 9um photodetector and heterodyne receiver with enhanced
performances up to room temperature, where we have estimate signal to noise ratio in the pW range. This has been realised
by implementing a quantum well detector (QWIP) into a metamaterial made of subwavelength metallic resonators. Each
resonator acts as an antenna and improves the photonic collection area, which is greatly increased with respect to the electrical
area. Moreover the very short life-time of the excited carriers is a very important intrinsic property of QWIPs that have not
been exploited for performances yet. Its typical value is in the order of a ps, which leads to two important consequences: the
detector frequency response can be up to 100 GHz and its saturation intensity is extremely high in the in the order of 10" W/
cm?. These two figures are ideal for a heterodyne detection scheme, in which a powerful local oscillator (LO) can drive a strong
photocurrent, higher than the detector dark current, that can coherently mix with a signal shifted in frequency with respect to
the LO. Notably, these unique properties are unmatched in infrared interband detectors based on mercury-cadmium-telluride
alloys, which have a much longer carrier lifetime and therefore intrinsic low-speed response. On the contrary the reduced
physical area and the increased responsivity of our metamaterial devices allowed us to take full advantage of the intrinsic high
frequency response of the quantum detector up to room temperature. By beating on it two quantum cascade lasers we have
measured heterodyne signal at high frequencies up to 4.5GHz, with NEP in the pW range at 300K.
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Figure 1:A general scheme of a detector which comprises a resonant absorber embedded in a metallic nanoresonator. Thanks to the antenna
function of the resonator, photons are gathered on a collection area Acoll that can be much larger than the detector cross section o
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