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ABSTRACT

We demonstrate a 64-pixel single-photon imager based on superconducting nanowire single-photon detectors
(SNSPDs) capable of counting single photons up to a wavelength of 10 pm. This technology could be useful in
future space telescopes in applications such as exoplanet transit spectroscopy.
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1. INTRODUCTION

Exoplanet science is a fast growing field in modern astrophysics. Transit spectroscopy of exoplanet atmospheres
might reveal signatures of biological activities or provide us with details on their habitability. Such data would
allow us to assess and understand the diversity of planets in our universe.! Many strong absorption bands of major
molecules like ozone (O3), methane (CHy), and nitrous oxide (N3O), which are required for the assessment of
atmosphere compositions, can be found in the mid-infrared regime. The telescopes needed for these analyses will
need to be space-based due to absorption in earth’s atmosphere. Mid-infrared cameras based on superconducting
nanowire single-photon detectors (SNSPDs) could play a major role in such future space telescope missions.?

SNSPDs are a single-photon-counting technology that is widely-used in areas like quantum optics,® quantum
computing,* and quantum communications.” Their figures of merit include high detection efficiencies of over
98 %,% high maximum count rates up to 1.5 gigacounts per second,” low timing jitter below 3 ps,® and outstanding
performance over a broad wavelength regime from the UV? to the mid-infrared.!® Mid-infrared cameras used
in current space telescopes such as the James Webb Space Telescope utilize blocked impurity band (BIB) and
mercury cadmium telluride (HgCdTe or MCT) detectors.! ™3 Although they operate at higher temperatures
(4K - 10K) than SNSPDs (<1K), these detectors are not able to count single photons. BIB detectors also suffer
from many sources of instability, making them less desirable for applications such as exoplanet spectroscopy which
requires stability on the order of only a few ppm over several hours.'* > SNSPDs can be operated in a regime in
which the efficiency is insensitive to bias current and temperature fluctuations, making them highly stable. Both
BIB and MCT detectors also exhibit significantly higher noise and dark count rates in comparison to SNSPDs;,
which have zero readout noise and dark count rates (DCRs) below 1 count per day.'°

SNSPDs have historically only been used at telecommunications wavelengths for applications in quantum
physics. We demonstrated that SNSPDs based on the amorphous superconductor tungsten silicide (WSi) are
capable of detecting single photons up to a wavelength of 10 pm by increasing the silicon content of the WSi.'?
Recently, this was extended to a wavelength of 29 pm by further increasing the silicon content.!” Furthermore,
SNSPD arrays are still at a relatively early stage of development, although a 400-kilopixel array was demonstrated
recently operating at UV wavelengths.'® In this work, we will present measurement results from a smaller 64-
pixel array using the same readout architecture as the 400-kilopixel array, which has been modified to detect
longer wavelength photons out to a wavelength of 10 pm.'® 2! This readout scheme requires only six readout
lines independent of the array size, making continued scaling to higher pixel counts possible in the future.



—_

time difference row (ns) &

~

)]

Fo 2 1 0 1 2
time difference column (ns)

Figure 1: (a) Photomicrograph of a single pixel of the 64-pixel SNSPD array. The bias current paths are
highlighted in red and yellow for the row and column, respectively. (b) Measurement results for the 64-pixel
array for flood illumination with a thermal light source and a 10 pm narrow bandwidth filter.

2. DESIGN AND FABRICATION

The design for the 64-pixel SNSPD array is based on the thermally coupled imager (TCI) readout architecture
that combines a thermally-coupled row-column multiplexing scheme?? with a thermally-coupled time-of-flight
transmission line.?> The WSi SNSPD array was fabricated in the NIST Boulder Microfabrication Facility.*
A photomicrograph of a single pixel is shown in Fig. 1(a). All SNSPDs of one row or column are connected
and biased in series. The row and column SNSPD of a single pixel are interleaved on a 200 nm-thick SiOs
membrane that enhances thermal coupling between them. A detection event on one of the SNSPDs will also
trigger a detection event on the other SNSPD. These events will cause voltage pulses in the row and column bias
networks, which are thermally coupled to the row and column transmission lines. On each of these transmission
lines, a positive and a negative voltage pulse will travel to a time tagger to assign the detection event to a row
and a column and with that to a certain pixel during data analysis.

3. MEASUREMENT RESULTS

Each SNSPD was biased with a current of approximately 3.75pA, while the transmission lines were biased at
2.8 pA. The array was operated at a temperature of 350 mK while it was flood-illuminated by a pulsed thermal
light source with narrow bandpass filters. Measurement results are presented in Fig. 1(b) for a 10 pm-wavelength
bandpass filter and a measurement time of 1s. The histograms at the left and bottom of the figure demonstrate
that the rows and columns, respectively, are very well distinguishable.

4. CONCLUSION

We presented measurement results for a 64-pixel single-photon imager based on SNSPDs optimized for mid-
infrared photons. Future work will focus on optimizing the design for longer wavelengths and larger array sizes
to demonstrate a large-scale, single-photon-sensitive mid-infrared camera for applications like exoplanet transit
spectroscopy.
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