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ABSTRACT
Space-to-ground photon-counting optical communication links supporting high data rates over large distances
require enhanced ground receiver sensitivity in order to reduce the mass and power burden on the spacecraft
transmitter. Superconducting nanowire single-photon detectors (SNSPDs) have been demonstrated to o�er su-
perior performance in detection e�ciency, timing resolution, and count rates over semiconductor photodetectors,
and are a suitable technology for high photon e�ciency links. Recently photon detectors based on superconduct-
ing nanowires have become commercially available, and we have assessed the characteristics and performance
of one such commercial system as a candidate for potential utilization in ground receiver designs. The SNSPD
system features independent channels which can be added modularly. We analyze the scalability of the system to
support di�erent data rates, as well as consider coupling concepts and issues as the number of channels increases.
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1. INTRODUCTION
Free-space optical communications (FSOC) is an extremely promising solution for higher-rate data communi-
cations from lunar and inter-planetary distances to Earth-based ground stations, o�ering many advantages as
compared to radio-frequency (RF) technologies such as the potential for substantially higher data rates and lower
mass, power and size. NASA’s 2013 Lunar Laser Communication Demonstration (LLCD) showed that FSOC
from the Moon to Earth is feasible and advantageous by achieving up to 622 Mbps on the optical downlink,
substantially exceeding the fastest Ka-band RF links.1 With NASA’s ongoing e�orts such as the Jet Propulsion
Laboratory’s (JPL) Deep Space Optical Communications (DSOC) project,2 the Laser Communication Relay
Demonstration (LCRD),3 and the Optical-to-Orion (O2O) project, the future prospects continue to improve for
mission-operational free-space optical communications.

A number of enabling technologies were demonstrated in the LLCD mission including the use of multi-element
niobium nitride (NbN) and multi-element tungsten silicide (WSi) superconducting nanowire single-photon de-
tector (SNSPD) arrays developed by the Massachusetts Institute of Technology’s Lincoln Laboratory and JPL,
respectively, and used at the LLCD ground stations in White Sands, New Mexico and on top of Table Mountain
in California.1 SNSPDs have been under investigation since the early 2000s,4 and have shown great promise
for a variety of ultra-sensitive light detection applications - in particular for applications at telecommunications
wavelengths near 1550 nm where they substantially outperform single-photon InGaAs avalanche photo-diodes
(APDs) and photomultiplier tubes (PMTs).5{7 Until very recently photon detectors based on SNSPDs were not
commercially available, thus limiting widespread usage. With several commercial vendors o�ering turnkey multi-
channel SNSPD systems with simpli�ed cryogenics, SNSPDs are increasingly viable as an operational component
for space-to-ground high-photon e�ciency FSOC links.
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Figure 8: Example IRF with Gaussian �t and system jitter vs. bias current I B .

3. DEMONSTRATION IN AN OPTICAL COMMUNICATIONS LINK

To demonstrate the utility of the commercial o�-the-shelf (COTS) SNSPD system in a communications link,
we perform optical link testing with the setup shown in Figure 9. The additions from the characterization
setup were a polarization-adjustable 1550 nm CW laser source with a polarization extinction ratio of up to
40 dB, a high extinction-ratio LiNbO 3 electro-optic modulator capable of over 50 dB of intensity extinction,
and a �ber-coupled tungsten-halogen broadband light source with a 1550� 20 nm bandpass �lter along with
an additional variable attenuator to control input background noise levels. The input to the modulator was

Figure 9: Laboratory test setup for optical link testing.

a serially-concatenated pulse-position modulated (SCPPM)14 signal generated from a �eld programmable gate
array (FPGA) with selectable code ratesr = f 1/3, 1/2, 2/3 g, PPM orders M = f 4, 8, 16, 32, 64, 128, 256g, and
adjustable slot width Ts, consistent with the Consultative Committee for Space Data Systems (CCSDS) optical
communications high photon e�ciency (HPE) downlink transmit waveform modes. 15, 16 For the purposes of the
demonstration we selectedM = 32, with 8 guard slots, r = 1=3, and Ts = 4 and 2 ns, corresponding to data rates
of 10 and 20 Mbps respectively. Additionally, the noise source attenuation level was set such as to consistently
produce an average detected background count rate ofK b � 0:01 counts per slot. Both the modulated 1550 nm
optical signal and the �ltered broadband noise source were combined before being input to the SNSPD detectors,
and the output signals were sampled with a high-speed digitizer at a rate of 1 GS/s before being post processed.
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