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Superconductive Nanowire 
Single-Photon Detector
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“LLCD will be the first high-rate space laser communications system that can be operated over a range ten times larger 
than the near-Earth ranges that have been demonstrated to date.” from http://esc.gsfc.nasa.gov/267/271.html, enabled by 
nanowire detectors developed at MIT Lincoln Laboratory and JPL in collaboration with MIT campus.
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Collaboration between BU, DCG Systems, IBM, Photonspot, funded by IARPA

Image courtesy of DCG Systems

⦿ VLSI circuit
imaging and
debugging

⦿ SNSPD
enables
performance
advances

VLSI Circuit Evaluation

4



Applications

Single-photon spectrometer
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LIDAR

Hadfield, Glasgow
Zhou et al., Opt. Expr. 23, 14603 (2015)
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How Do Superconducting 
Nanowires Work?



2019-07-23-Milan-ltd

Current Bias

< 100 nm
niobium nitride

superconductor is biased near its 
transition

Critical Temperature ~ 11 K
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A. D. Semenov, G. N. Gol’tsman, and A. A. 
Korneev, “Quantum detection by current carrying 
superconducting film,” Physica C, vol. 351, pp. 
349–356, 2001
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Absorption

photon-induced hotspot forces bias 
current above critical density

niobium nitride

A. D. Semenov, G. N. Gol’tsman, and A. A. 
Korneev, “Quantum detection by current carrying 
superconducting film,” Physica C, vol. 351, pp. 
349–356, 2001

Critical Temperature ~ 11 K
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Breakdown

resistive barrier spans 
nanowire

niobium nitride

Critical Temperature ~ 11 K
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Acceleration/Heating

niobium nitride

resistance grows from heating
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Critical Temperature ~ 11 K
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Diversion of Current

niobium nitride

current is diverted
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Cooling

superconductivity is restored
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Critical Temperature ~ 11 K
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Reset

bias current is restored

Rloa

dL

Critical Temperature ~ 11 K
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about SNSPDs

● Operation temperatures 1-4 K

● Relatively unshielded environments

● 100 MHz to 2 GHz off the shelf amplifiers

○  (often operating at room temperature)

● Blackbody radiation major source of background

● Typical current, 10 uA

● Typical voltage after amplifier 200 mV

●
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SNSPD Experimental Timeline
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SNSPD Theory Timeline
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2015-10-29-north-conway-sce22
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“A Cascade Switching Superconducting Single Photon Detector,” 

M. Ejrnaes, R. Cristiano, O. Quaranta, S. Pagano, A. Gaggero, F. 
Mattioli, R. Leoni, B. Voronov, and G. Gol'tsman, 

Appl. Phys. Lett. 91, 262509 (2007)
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Superconducting Nanowire Avalanche Photodetectors 
(SNAPs)

1.4 µm

30 nm
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Improved SNR for 20-nm Wire
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“Single-Photon Detectors Based on Ultranarrow 
Superconducting Nanowires,” Francesco Marsili, 
Faraz Najafi, Eric Dauler, Francesco Bellei, Xiaolong 
Hu, Maria Csete, Richard J. Molnar, and Karl K. 
Berggren, Nano Letters  11(5) 2048 (2011). 

http://dx.doi.org/10.1021/nl2005143
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Timing jitter limited by detector geometry

Calandri et al., Appl. Phys. Lett., 109 (15) 152601( 2016).

Korzh et al., 1804.06839
With JPL and NIST 26
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Spatial and temporal resolution in a wire
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spatial resolution = timing jitter × speed of light 27
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Slow-wave transmission line
Measured group velocities to date
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5.4 μm

9.7 μm 300 nm
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5 mm
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https://docs.google.com/file/d/11ZoHloD_tQ-FtH36CMcO8XI6XkU4Tdmc/preview
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Detecting two-photon-firing events
16 two-photon firing events among 50,000 photon detection events 

(flood illumination over the entire area)
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Superconducting Tapered Nanowire Detector 
(STaND)

• Photon absorption induces kΩ hotspot in the nanowire
• Using 50 Ω load to read out kΩ device is inefficient
• Large impedance mismatch in conventional SNSPD makes the output 

insensitive to photon-number-dependent hotspot resistance

In collaboration with JPL

ΩΩ
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Increasing output voltage

Zhu, D., Colangelo, M., Korzh, B.A., Zhao, Q.Y., Frasca, S., Dane, A.E., Velasco, A.E., Beyer, A.D., Allmaras, J.P., Ramirez, E., 
Strickland, W.J., Santavicca, D., Shaw, M.D. and Berggren, K.K. -  Appl. Phys. Lett. 114(4), 042601 (2019)
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Reducing timing jitter and enabling photon number resolution
Photon number resolution 

apered readout has also enabled:
1. 25 ps jitter in NbN SNSPD without amplifier (measured at JPL)
2. sub-5 ps jitter in WSi using cryogenic amplifiers (Korzh et al. CLEO 2018, paper FW3F.3)

Jitter reduction
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Direct measurement of photon bunching in HOM interference

● Frequency degenerated 
entangled photon pairs 
generated through spontaneous 
parametric down conversion 
(SPDC)

● Comparator readout switches 
the STaND between 
single-photon-detector and 
coincidence-counter modes

● Measured HOM interference 
visibility of 98%
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 Using SNSPDs in Dark Matter Detection
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Nanowire Detection of Photons from the Dark Side
Karl K. Berggren (co-PI, MIT), Sae Woo Nam (co-PI, NIST), Asimina Arvanitaki (Perimeter), Ilya Charaev (MIT), Jeffrey Chiles (NIST), Andrew E. 

Dane (MIT), Ken Van Tilburg (NYU/IAS), Masha Baryakhtar (Perimeter), Robert Lasenby (Stanford University), Junwu Huang (Perimeter)
Collaboration of fundamental physics theorists, 
device designers, and system integrators and 
engineers:
(1) Use quantum interference of dark matter to build up 
population in a single-photon state;
(2) Use detector technology perfected for quantum-optics to 
sense photon. 75 nm

superconducting detector
Dark-Matter Detector Concept

Key advantage of these detectors is low Dark 
Count Rate (DCR) and low-energy threshold. 
Depending on number of layers in target, and 
achievable DCR, reach of experiment could 
extend well beyond what is possible today
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SNSPDs as target + 
sensor

Absorption of kinetically 
mixed dark photon

dark photon photon

Solid curves: 
1 kg-yr SNSPD 

reach

[Hochberg, Charaev, Nam, 
Verma, Colangolo, KKB, 

1903.05101]
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Mid-IR single-photon sensitivity
Current status
● Single photon sensitivity and internal saturated efficiency demonstrated out to 10 µm with low 

coupling efficiency.
● Currently pursuing lower-Tc materials for sensitivity to longer wavelengths

Saturation 
for 7.4 µm

Tc = 3.1 K Tc = 2.8 K

Saturation 
for 10 µm
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1. Superconducting nanowires permit can set useful 
limits with relatively simple apparatus

2. Integrated microwave devices enable imaging and 
photon number resolution

3. Useful for future applications to superconducting 
microwave components in quantum computers

What Are We Excited About?
1. Microwave dynamics will enable improved 

performance/architectures
2. Commercial systems are coming online rapidly
3. Integration with nanowire-based logic family

What Are We Worried About?
1. Understanding of device physics still lacking in 

some key areas
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FINANCIAL SUPPORT

• Dept. of Energy
• U.S. Air force Office of 

Scientific Research
• U.S. Office of Naval 

Research
• DARPA DETECT program

• IARPA 
• NASA
• NSF
• Skoltech
• Many U.S. and 

international fellowships
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Dark-Matter Collaborators
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Sae Woo Nam Asimina Arvanitaki Ilya Charaev Jeff Chiles

Masha Baryakhtar Junwu Huang

Yonit Hochberg

Ken van Tilburg
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 Superconductivity Team in QNN Group

Qing-Yuan Zhao 

Andrew Dane 
(NASA Fellow)

Di Zhu 
(A*Star Fellow)

Emily Toomey 
(NSF Fellow)

Francesco Bellei
Lucy Archer
Nathan Abebe

Adam McCaughan
Yachin Ivry

Kristen Sunter
Faraz Najafi

Hao-Zhu Wang

Niccolo Calandri
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Ignacio Estay Forno
Reza Baghdadi 
 (Post-Doc)

Murat Onen
(Grad Student)

Brenden Butters
(Grad Student)

Marco Colangelo
(Research Fellow)

Ilya Charaev
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Not Pictured:  Glenn Martinez & Owen Medeiros (Lab Manager)

Ashley Qu
(Grad Student)
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Collaborators
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(JPL)
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● William Strickland (UNF)
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