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Abstract-With  asymmetric  split ring
metamaterial periodically placed on top of the
niobium nitride (NbN) nanowire meander, we
theoretically propose a kind of
metal-insulator-metallic (MIM) metamaterial
nanocavity to enhance absorbing efficiency
and shorten response time of the
superconducting NbN nanowire single photon
detector (SNSPD) operating at wavelength of
1550 nm. Up to 99.6% of the energy is
absorbed and 96.5% dissipated in the
nanowire. Meanwhile, taking advantage of
this high efficiency absorbing cavity, we
implement a more sparse arrangement of the
NbN nanowire of the filling factor 0.2, which
significantly lessens the nanowire and
crucially boosts the response time to be only
40% of reset time in previous evenly spaced
meander design. Together with trapped mode
resonance, a standing wave oscillation
mechanism is presented to explain the high
efficiency and broad bandwidth properties.
To further demonstrate the advantages of the
nanocavity, a four-pixel SNSPD on 10 pmx10
pm area is designed to further reduce 75%
reset time while maintaining 70% absorbing
efficiency. Utilizing the asymmetric split
ring metamaterial, we show a higher
efficiency and more rapid response SNSPD
configuration to  contribute to the
development of single photon detectors.

I. Introduction

Since its first demonstration by Gol’tsman
about a decade ago [1], superconducting
nanowire single photon detector has emerged
great potential applications in photon-counting
classical optical communication [2],
long-distance quantum key distribution [3,4],
distributed fibre sensing [5], space-to-ground
communications [6] and characterization of the
photon statistics of light sources [7], due to its
orders of magnitude faster recovery time and
timing precision, which are key characteristic
metrics in  integrated quantum information
processing systems components.
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To achieve the best tradeoff between high
SDE and rapid response, much effort has been
paid to optimize the structure, such as using
nano-antennae [8, 9], nanocavities [10, 11],
dividing into many pixels [12, 13], introducing
plasmonics [14], and embedding into photonic
circuits [15]. However, it remains a slippery
barrier in practical applications although the
recent work indeed made much progress.
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Model and simulation method

Fig.1. of the

metal-insulator-metallic asymmetric split ring metamaterial

Schematic configuration
nanocavity. The magnesium oxide insulator layer between
ASR and NbN nanowire is not depicted in this figure for the
purpose of clearly showing nanowire details. The inset
illustrates top view of one metamolecule and the structural

denotations.

The nanocavity consisting of metal isolator
asymmetric split ring metamaterial is shown in
Figure 1. The cavity volume is filled with 500
nm magnesium oxide, sandwiched between 100
nm bottom gold film and asymmetric split rings,
which are deposited on the substrate. The 120
nm wide nanowire is arranged in a meander
configuration with a filling factor of 0.2 on top
the magnesium oxide film. As shown, the
nanowire is placed exactly below the ASR
metamaterial with 5 nm thick and 120 nm wide
magnesium oxide isolation layer (not shown in
the figure) separating from each other.

III. Results and discussion
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To demonstrate the advantages of the
nanocavity mentioned above, we separately
investigate the properties of asymmetric split
rings metamaterials first. It has attracted much
attention in microwave [16, 17, 18] and THz
regime [19] because of its Fano resonance
property [20, 21], which arises from the circular
current distribution at resonant frequency, called
trapped mode. Here we design the ASR
metamaterial operating at wavelength of 1550
nm where the structures made of noble metals
always suffer inevitable losses. Figure 2 shows
the transmission, reflection and absorption
spectra of asymmetric split ring metamaterial
when illuminated by the incident light with
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electric filed perpendicular to the symmetric axis
of the ASR structure. We call this x-axis
polarized  excitation ‘asymmetric  axis
polarization’ since the electric field is along the
asymmetric axis of the ASR. Elaborately tuning
the structural parameters, the resonant
wavelength of ASR metamaterial is shifted to
1550 nm.

FIG. 2. The transmission, reflection and absorption spectra of
asymmetric split ring metamaterial. The inset shows the
field (colour)

distributions at resonant wavelength of 1550 nm.
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