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Abstract—Superconducting nanowire single-photon detectors 
(SNSPDs) have demonstrated outstanding performance metrics 
over a wide range of wavelengths, from the ultraviolet to the long-
wave infrared (LWIR).  System detection efficiencies approach 
100% at specific wavelengths with very low dark count rates and 
low timing jitter. Recent experiments such as time-resolved 
photoluminescence of mid-IR emitting semiconductors and 
integration of SNSPDs with ion traps will be described.  
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I. INTRODUCTION

Advances in superconducting nanowire single-photon 
detectors (SNSPDs) in the past decade have enabled these 
detectors to become the first choice for the most demanding 
applications in quantum optics as well as classical applications 
that require the best signal-to-noise ratio while detecting single 
photons. SNSPDs typically consist of a meander of a 
superconducting metal cooled to below the transition 
temperature from normal metal to superconducting metal. Most 
metals can absorb light over a very wide spectral band width, 
and this enables SNSPDs to be engineered for optimum 
performance at wavelengths ranging from the ultraviolet to the 
long-wave infrared. This manuscript summarizes some the most 
significant results demonstrated in the Applied Physics Division 
of the US National Institute of Standards and Technology, in 
conjunction with various collaborators, over the past several 
years. 

II. INTRODUCTION TO SNSPDS

SNSPDS were first demonstrated in 2001 [1]. These devices 
were formed from sputtered NbN thin films, and their 
performance metrics (~ 20% detection efficiency at a 
wavelength of 810 nm, high count rate, and short reset time) 
attracted significant attention from the quantum optics 
community. Despite these promising early results, fabrication 
challenges limited the performance of these detectors. In 2012, 
our group demonstrated tungsten silicide (an amorphous 
superconductor) SNSPDs with high efficiency (~20-40% 
system detection efficiency) at wavelengths as long as 1850 nm 
and, more importantly, a wide plateau in the efficiency with 
increasing bias current, indicating a saturation of the internal 
efficiency [2]. This led to the first very high system detection 
efficiency (~93%) SNSPDs at a wavelength around 1550 nm in 
2013 [3]. 

III. APPLICATIONS

Some of the most significant impact of SNSPDs comes from 
enabling unprecedented demonstrations in the field of quantum 
optics.  An early example of a quantum optics experiment 
includes the direct generation of three-photon entangled states 
via cascaded downconversion [4], where the high-efficiency and 
low dark rates of the SNSPDs were necessary to obtain these 
measurements. Another significant milestone in quantum optics 
was achieved in 2015 in which high-efficiency, low dark count 
rate SNSPDs were used to perform a loophole-free Bell 
experiment [5]. In this experiment, the high efficiency of the 
SNSPDs was essential to enable the closure of the fair sampling 
loophole.  With multiple companies now offering SNSPD 
systems, with detectors available at many wavelengths from the 
visible through the infrared, most state-of-the-art quantum 
optics experiments that require the best performance metrics for 
single-photon detection utilize SNSPDs. 

In addition to enabling many quantum optics experiments, 
SNSPDs also offer many opportunities for new and improved 
measurements in classical experiments. Some examples include 
mid-infrared, laser induced fluorescence from monolayers of 
CO at cryogenic temperatures [6], time-resolved 
photoluminescence of long wavelength emission from 
semiconductors [7,8], space-to-ground optical communications, 
and LIDAR. 

Finally, SNSPDs are one of the leading candidates for 
integration with various types of quantum computers that rely 
on single-photon detectors for each qubit. SNSPDs have 
demonstrated excellent performance around 400 nm when 
integrated with ion traps [9], and they are also utilized for 
photonic quantum information processing [10].  

ACKNOWLEDGMENT 
The authors thank DARPA and NASA for financial support. 

They also acknowledge collaborative efforts with Jet Propulsion 
Laboratory (Matt Shaw, Emma Wollman, Andrew Beyer, Ioana 
Craiciu, and Boris Korzh) and MIT (Karl Berggren). 

REFERENCES 
[1] GN Gol’Tsman, O. Okunev, G. Chulkova, A. Lipatov, A Semenov, K. 

Smirnov, B. Voronov, A. Dzardanov, C. Williams, and R. Sobolewski, 

TuD1.1

U.S. Government work not protected by U.S. copyright

20
23

 IE
EE

 P
ho

to
ni

cs
 C

on
fe

re
nc

e 
(I

PC
) |

 9
79

-8
-3

50
3-

47
22

-7
/2

3/
$3

1.
00

 ©
20

23
 IE

EE
 | 

D
O

I: 
10

.1
10

9/
IP

C
57

73
2.

20
23

.1
03

60
54

1

Authorized licensed use limited to: Boulder Labs Library. Downloaded on December 31,2023 at 06:51:06 UTC from IEEE Xplore.  Restrictions apply. 



“Picosecond superconducting single-photon optical detector,” Appl. 
Phys. Lett. 79, 705 (2001). 

[2] B. Baek, A.E. Lita, V. Verma, and S.W. Nam, “Superconducting a-
WxSi1−x nanowire single-photon detector with saturated internal 
quantum efficiency from visible to 1850 nm,” Appl. Phys. Lett. 98, 
251105 (2011). 

[3] F. Marsili, V. Verma, J. Stern, et al., “Detecting single infrared photons 
with 93% system efficiency,” Nature Photon 7, 210–214 (2013). 
https://doi.org/10.1038/nphoton.2013.13 

[4] D. Hamel, L.K. Shalm, H. Hübel, et al., “Direct generation of three-
photon polarization entanglement,” Nature Photon 8, 801–807 (2014). 
https://doi.org/10.1038/nphoton.2014.218 

[5] L. K. Shalm et al., “Strong loophole-free test of local realism,” Phys. Rev. 
Lett. 115, 250402 (2015). 
https://doi.org/:10.1103/PhysRevLett.115.250402. 

[6] L. Chen, D. Schwarzer, V.B. Verma, M.J. Stevens, F. Marsili, R.P. Mirin, 
S.W. Nam, and A.M. Wodtke, “Mid-infrared laser-induced fluorescence 
with nanosecond time resolution using a superconducting nanowire 
single-photon detector: new technology for molecular science,” Accounts 

of Chemical Research 2017 50 (6), 1400-1409. DOI: 
10.1021/acs.accounts.7b00071 

[7] M.J. Stevens, R.H. Hadfield, R.E. Schwall, S.W. Nam, R.P. Mirin, and 
J.A.Gupta, “ Fast lifetime measurements of infrared emitters using a low-
jitter superconducting single-photon detector,” Appl. Phys. Lett. 2006, 
89, 031109. 

[8] K. J. Underwood, A. F. Briggs, S. D. Sifferman, V. B. Verma, N. Sirica, 
R. P. Prasankumar, S.W. Nam, K. L. Silverman, S. R. Bank, and J. T. 
Gopinath, “Strain dependence of Auger recombination in 3 mm 
GaInAsSb/GaSb type-I active regions,” Applied Physics Letters 116, 
262103 (2020). https://doi.org/10.1063/5.0007512 

[9] B. Hampel, D.H. Slichter, D. Leibfried, R.P. Mirin, S.W. Nam, V.B. 
Verma, “Trap-integrated superconducting nanowire single-photon 
detectors with improved rf tolerance for trapped-ion qubit state readout,” 
Appl. Phys. Lett. 24 April 2023; 122 (17): 174001. 
https://doi.org/10.1063/5.0145077 

[10] J. Wang, F. Sciarrino, A. Laing, A. et al., “Integrated photonic quantum 
technologies,” Nat. Photonics 14, 273–284 (2020). 
https://doi.org/10.1038/s41566-019-0532-1

 

TuD1.1

Authorized licensed use limited to: Boulder Labs Library. Downloaded on December 31,2023 at 06:51:06 UTC from IEEE Xplore.  Restrictions apply. 


