
Superconducting Nanowire Single Photon Detectors

SNSPDs

Giampiero Pepe

Università di Napoli Federico II
Dipartimento di Fisica «E. Pancini»

Complesso Universitario Monte Sant’Angelo, Napoli

and

Istituto CNR SPIN Napoli



- Background and Introduction
- The role of sc materials
- Set-up & Measurements
- The origin of Dark Counts
- About Detection Efficiency
- Conclusions

Outline

G Pepe, 
PTOLEMY Meeting
Napoli 2019



large number of quasiparticle creation by Cooper-pair breaking 

• sharp normal - superconductor transition

• low heat capacitance

• kinetic inductance change

• wide choice of materials (A,Z,…..)

Advantages of superconductive detectors
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• Superheated Superconducting Granules: SSG

• Transition Edge Sensors: TES

• Hot Electron Superconducting Photodetectors: HESP

• Superconducting Tunnel Junctions: STJ

• Josephson Junctions: JJ
G Pepe, Napoli 2019



Photon Detectors

Semiconductors

a) One optical photon  

creates only one  

electron-hole pair  

(typical bandgap 1-2 eV)

b) At low temperatures,  

relaxation and response  

times are long.

Superconductors

a) One optical photon creates

~100–1000 excited electrons  

(superconducting gap

~ 2 meV for NbN)

b) Relaxation is ultrafast  

even at low temperatures

Superconductivity is a macroscopic quantum phenomenon.

Low temperature environment reduces background noise  

and thermal fluctuations responsible for dark counts.
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Single Photon Detectors (SPDs)

PMT APD

High Bias Voltage ~ KV Voltage Bias ：～10V

SNSPD

Since 2001

Current Bias ：~ 10A
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SNSPDs toward DM
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Cascade of broken Cooper pairs

•Photon breaks a cooper pair

•Thermalizes making hn/D qp’s

•# gain but no E gain yet 

•E resolution / photon # counting 
determined by shot noise

•Gain comes from change R or L
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The Silicides family

Materials Tc

K

Tc (4nm)

K



nm

l

nm

r

 cm

No 1021states 

eV−1 cm−3

D

cm2/s

Jc

MA/cm2

t0

ps

NbN 16 9-11 5 380

900-1300

100-240 56 0.5 6-7 60

W0.75Si0.25
5 3.7 7,3 768 26 0,70 0.8

Mo0.8Si0.2
7.5 4.3 734 198 1.3

• amorphous → better integration with integrated optical cavity

• larger hot-spot and energy sensitivity

• better quantum efficiency

WSi - The new player:  the highest system detection efficiency (93%)
Appl. Phys. Lett. 105, 122601 2014, Phys. Rev B 94, 174509 (2016) and Nature Photonics 7 211 (2013)

MoSi - higher temperatures for efficient SSPD operation, Supercond. Sci. Technol. 27 095012 (2014) 

SSPD performance in the mid- and far-IR ranges can be improved further by using narrow-gap 

superconductors with a low quasi-particle diffusivity.

SNSPD : Materials
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SNSPD : Materials

Courtesy of M SiegelG Pepe, Napoli 2019



Courtesy of F Lombardi

SNSPD : Materials

G Pepe, Napoli 2019



Courtesy of F Lombardi

SNSPD : Materials

G Pepe, Napoli 2019



G Pepe, Napoli 2019



-3 -2 -1 0 1 2 3

-5.0x10
-5

-4.0x10
-5

-3.0x10
-5

-2.0x10
-5

-1.0x10
-5

0.0

1.0x10
-5

2.0x10
-5

3.0x10
-5

4.0x10
-5

5.0x10
-5

 

 

C
u

rr
e

n
t 
[A

]

Voltage [V]

 T=1.3 K

 T=1.4 K

 T=1.5 K

 T=1.75 K

 T=2.16 K

 T=2.5 K

 T=3.0 K

 T=3.6 K

 T=4.0 K

 T=4.2 K

1.5.B

w=150 nm

meandro

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

10

15

20

25

30

35

40

45

 

 

Ic
 (

u
A

)

T (K)

 Ic

Jc= 3MA/cm2

T=1.3 K

MoSi thin films (8nm)
Naples

0.90 0.95 1.00

10
0

10
1

10
2

10
3

10
4

10
5

 

 

D
a

rk
 c

o
u

n
ts

 (
H

z
)

Ib/Ic

 T=4.2K

 T=4.0K

 T=3.6K

 T=3.2K

 T=3.0K

 T=2.5K

 T=2.16K

1.5.B

SNSPD : Materials

G Pepe, Napoli 2019



G Pepe, Napoli 2019



Courtesy of M Siegel G Pepe, Napoli 2019



G Pepe, Napoli 2019Courtesy of I Charaev, LTD20



G Pepe, Napoli 2019



Photon energy vs  Superconducting gap/Cooper Pair energy

hn (1eV)      vs               2D (6.4 meV)

Cooper pair breaking by single photon

Detection Mechanism
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Goltsman et al, Appl Phys Lett, 2001, 79:705

* Ultrathin nanowire (~5 nm thick and ~100 nm wide)
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Detection Mechanism



Detection Mechanism
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Detection Mechanism
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SNSPD - Experimental Setup

4He Bath Cryostat  

Vacuum chamber  

Liquid helium cooled

Feed troughs for electrical contacts  

SiO2 window for radiation input

Electrical Part

RF-micro strip line, Coaxial line  

Bias-Tee for DC/AC coupling  

Low noise voltage source

RF-amplifier

48 dB, 2 GHz bandwidth

Pulse Counter  

(SR400, BW: 250 MHz)

Radiation Source

Optical range 400nm to 2000nm

G Pepe, Napoli 2019
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Ejrnaes, et al. APL 91 262509 (2007)  

Ejrnaes et al. SUST 22 055006 (2009) 
G Pepe, Napoli 2019
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The timing jitter TJ is the variation in the time span between the photon absorption 
and the appearance of an output voltage pulse

The TJ of a SNSPD depends on
(a) the equilibrium between electrons and phonons in the energy cascade; 
(b) the order parameter time tD in S -> N: instability generates 
phase-slip lines or vortices (dissipative); 
(c) the nucleation and expansion of the N domain 
(dissipative); 

The rate of N growth influences electrical noise, 
and hence TJ through the signal rising edge. 

The timing Jitter

JPL FW3F.3, CLEO 2018

Intrinsic TJ < 5 ps
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Now in Naples, @Dept Physics…https://seeqc.eu/

SeeQC.EU Superconducting Quantum Technologies

https://seeqc.eu/


SNSPD - Experimental Setup
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SNSPD - Experimental Setup
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Origin of Dark count rate
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Origin of Dark count rate



Blackbody Radiation of fiber

Vortex-related
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Origin of Dark count rate
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Where we are…where w’re going

G Pepe, Napoli 2019

Fabrication of high quality superconducting ultrathin films for SNSPDs: NbN, 
MoSi, MoRe

Nanopatterning of <20x20 um2 area SNSPDs also in collaboration with CNR 
IFN Rome, Chalmers University -> nanofabrication upgrade in progress

Measurement set-up for DE nd DCR without shielding and direct fibre 
coupling at 4K-> 
• closed-cycle 2K cryogenic system quipped with two SNSPDs lines

optimized at different wavelenghts, i.e. <1550nm and up to 2300nm;
• fibre optic line within a TRITON cryo system for measurements down to 

20mK; 
• possibility of developing superconducting read-out electronics within the 

SeeQC_EU collaboration. 

Possibility to cover within scientific collaborations with quantum optics
groups



Thanks
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How to suppress thermal DCR

Onchip filter on backside Filter on fiber tip

DE80%@DCR1Hz @ Y2017DE56%@DCR0.4Hz @ Y2014

OE 22, 16267 (2014) SUST 2018

(a)

Patents in CN, USA, JP
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