Nanophotonical modes in nano-cavity-array integrated infrared detectors
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Abstract )

The absorptance of SNSPDs' was improved by integrating (1) single ~quarter-wavelength HSQ-filled nano-optical cavity closed by a thin gold reflector (OC-SNSPD), and (2) nano-cavity-array consisting dticdicier

of vertical and horizontal closing gold segments (NCAI-SNSPD), into conventional periodic pattern of niobium-nitride (NbN) stripes.The optimal orientations were determined numerically by varying the -SNSPD [1, 2]

polar and azimuthal illumination angles synchronously. It was shown that larger absorptance is achievable due to p-polarized illumination of NbN patterns in P-structure configuration in OC-SNSPD,

while higher absorptance is achievable in S-structure arrangement in NCAI-SNSPD. -OC-SNSPD [3, 4]
The near-field study revealed that the highest absorptance observable at perpendicular incidence on P-structures in OC-SNSPD is due to the E-field concentration around NbN segments aligned at the

nano-optical cavity and substrate interface. The peculiarity of NCAI-SNSPDs is that off-axis p-polarized light illumination results in almost polar-angle-independent perfect absorptance in S-structure -NCAI-SNSPD [5, 6]

arrangement, with shallow local maximum-minimum pair caused by TIR and surface plasmon excitation phenomena. Collective resonances in periodic arrays of plasmonic MIM nano-cavities ensure EM-
field transportation to the NbN stripes effectively, capable of maximizing the absorptance in NCAI-SNSPD.
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Fig. 3a. P-structure configuration (y=0°) in OC-SNSPD (grating-waveguide configuration [14]). The results of 0.05°  Fig. 3b. S-structure arrangement (y=90°) in NCAI-SNSPD (coupled nano-cavity-array configuration [15]). The results of
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Fig. 4. The normalized E-field distribution due to p-polarized light illumination of OC-SNSPD in P-structure Fig. 4. The normalized E-field distribution due to p-polarized light illumination of NCAI-SNSPD in S-structure arrangement
configuration indicates (c) E-field antinode at perpendicular incidence due to the gold reflector, (d) plasmon- indicates E-field confinement at the entrance of the HSQ cavities (f) with symmetrical intensity distribution at perpendicular
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sub-wavelength nano-cavity-array at 34.4° polar-angle corresponding to NbN absorptance maximum, and (c) propagating plasmonic modes above
Fig. 7. (a) The transversal and longitudinal E-field components at the boundary and middle of the gold reflector at 35.1° polar angle corresponding to NbN absorptance minimum. (d) The photonic modulation: (left) E,,,, indicate the cavity filling
the HSQ channel. (b) The magnification of the first maxima indicates that E, is forward shifted by (allarrows indicate suppressed diffraction orders, (right) E, indicate the multipolar oscillations on the intersecting gold segments.

n/2 withrespect to the E,, and has approximately 10-times smaller amplitude than E,
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