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Study of Mid Infrared Superconducting Hot Electron Bolometer Mixers with nano-antennas
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Abstract:  To improve the response performance of mid-infrared (MIR) detectors, we designed and fabricated a superconducting
hot electron bolometer mixer (HEBM) with a MIR twin slot antenna. For designing MIR antennas and circuits, the surface
impedance of Au thin films at cryogenic temperatures was evaluated. The HEBMs were formed with a superconducting strip, Au
antenna, and distributed circuits, and the design frequency was set at 61.3 THz. We confirmed that the HEBM show responses with
clear polarization dependence under MIR light irradiation. When the bias current was set near the critical current, dark pulses were
observed under MIR irradiation, and the full width at half maximum of the dark pulse was evaluated to be approximately 0.21 ns.
From these results, we considered that the MIR HEBM have 0.9 GHz IF-bandwidth.
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(a) Design of the twin-slot nano-antenna
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(b) Simulated impedance Zan:. of the twin-slot
nano-antenna

Fig. 1 Design of mid-infrared antenna and the
calculation of the antenna impedance Zan..
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(a) SEM image of MIR-HEBM
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Fig. 2 (a) SEM image of the MIR HEBM, (b) and (c)
the schematics of the cross section of the HEBM.
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(a) I-V characteristics of the HEBM with and
without MIR-light irradiation
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(b) Output dark-pulse waveform

Fig. 3 Output waveform of the HEBM
under MIR-light irradiation.
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