
Nano fabrication for highest sensitivity and 

timing resolution 

Unique advantages of SNSPDs: 
 

- Sensitive from UV to mid-IR (57% at 1.5µm) 

- < 100 dark counts per sec 

- Dead time <2 ns, no gating required 

- Timing jitter <40 ps 
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Superconducting Nanowire Single Photon Detectors (SNSPDs) 

Objective: Developing the ultimate light detection technologies: high-sensitivity, broad spectral range, fast reset time and high-timing certainty.  

A superconducting 
nanowire is biased 
close to the 
critical current. 

A photon absorbed in the 
wire heats a small spot, 
increasing the current 
density around it. 

The high current density 
kills the superconducting 
current, generating a 
detectable voltage pulse. 

SNSPDs are: MORE SENSITIVE- they can detect signals as weak as a single photon. FASTER- the reset time is <2nsec the certainty in time 
detection (jitter) is as fast as <40 picoseconds. BROADER SPECTRAL RANGE- they detect visible, near-, and mid- infrared light (l = 400-10000 nm).  

How do they work? 

SNSPD vs other technologies Wide vs narrow nanowires  
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Nano optics for enhanced  performances 
An optical cavity on an SNSPD increased the efficiency from  ~30% without a cavity to 

57% with a cavity. The inclusion of an anti-reflection coating (ARC) further increased the 

detection efficiency [1]. 
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The absorption is over 70% in the 

wavelength range of 1 um—2 um 

according to COMSOL simulations 

of the optimized structure.  

 

The basic design is from [2]. Light 

reflecting from the gold mirror on 

the HSQ cavity interferes 

constructively at the ~4-nm-thick 

NbN layer (not drawn to scale). 
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Motivation: Resolving the information hidden in a light signal is essential for a broad range of applications, such as communication, quantum computation, microscopy 
and spectroscopy, as well as for optical, and thermal imaging systems. 

Our method: We initiate, design, model, fabricate, characterize and utilize single photon detectors that are based on superconducting nanowires (SNSPDs). We 
are doing so by integrating cutting-edge nano-fabrication capabilities with nano-optics and thermoelectric approaches, and we use low-temperature, ultra-fast and 
high-sensitivity optical and electrical characterization methods and tools.  

$$$: Our generous sponsors                                       make sure we have the state of the art facilities available for our broad activity. 

Nanowire single photon array 
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We fabricate both the readout circuit and the detectors on one chip to achieve a 4-element 

array. Both the spatial and photon number resolution could be read out through the 

differential and the sum signals of the two RF ouputs. 

Microscope image of one 2-bit array 
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Pulsed laser illumination. Temp. = 3.1 K 

The differential signal of the 4-

element array illuminated by a 

psec pulsed laser. The array 

gives the temporal and the 

positional information.  

Free-space coupling for real applications 
 

SNSPDs in the mid-IR 

 

The results shown to the left 

combined with low reset time and 

the high timing resolution make 

SNSPDs based on narrow 

nanowires suitable for free-space 

communication applications.  
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SNSPDs of 30-nm wide nanowires show a unprecedented 

DE (~2%) up to long wavelengths (5 µm). 

  

  

Mid-infrared 
radiation 

Telecommunication Deep-space 
imaging 

Circuit 
thermal 
analysis 

Biological 
spectroscopy 


