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Superconducting strip photon detectors and applications

SSPD/SNSPD also known as Superconducting Nanowire Single Photon Detector

Lixing You
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Wavelength

Frequency

Ultra - low Frequency Microwave /THz Photons

Superconducting sensors and detectors

SQUID SSPDSIS/STJ HEB MKIDs TES

SC Sensors and Detectors may provide unparallel performance
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Photon Energy

1.5 mm ~  0.8  eV
~  1.3 x 10-19 J
~  -169 dBm

1.5 mm ~  0.8  eV
~  1.3 x 10-19 J
~  -169 dBm

There are ~ 10 20 photons per sec for a 10 Watts lamp.

About a photon
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Single Photon Detector (SPD)
PMT APD

High Bias Voltage ~ kV Voltage Bias σЈ10V Current Bias σ~ 10 mA

SSPD

Since 2001 Gol'tsman APL2001

http://upload.wikimedia.org/wikipedia/commons/5/52/Photomultipliertube.svg
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More in History

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

We may learn more from history ( ᴜ )

Book written by HonglinDing in 1993
Ref.1: LiengmeO. Superconduct Particle Detectors, Ed by Barone, World Sci Pub,1988
Ref.2: D. H. Andrews et al, Phys. Rev. 76, 154 (1949) info from MasaktaOhkubo @AIST
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Photon energy vs  Superconducting gap/Cooper Pair energy

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

Photon energy vs  Superconducting gap/Cooper Pair energy

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

Cooper pair breaking by single photonCooper pair breaking by single photon

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

* Ultrathin nanowire (~5 nm thick and ~100 nm wide)* Ultrathin nanowire (~5 nm thick and ~100 nm wide)
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SPD performances @ 1550 nm

APD SSPD
15 x 15 x 10 mm

l350 x 400 x 450mm
Power 1.3 kW

Pride/Sumitomo

l350 x 400 x 450mm
Power 1.3 kW

Pride/Sumitomo

600(H) 600(H) APDmodule

SPD
SDE

̂%̃
DCR

̂cps̃

CR

̂Hz̃
TJ

̂ps̃

Temp

̂K̃

SSPD (NbN) ~ 98 Ò 1 Ó 1 G Ò 10 ~ 2.1 K

STJ (Al) 60 N/A 5 K N/A < 1K

TES (W) 95 ~ 0 100 K 100 ns 0.1 K

InGaAs APD 20 16K 100 M 55 200 K

IR PMT 2 200 K 10 M 300 Room Temp
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SSPD System

SSPDchip & cryostatSSPD systems (1.2 m high Rack)

1. SSPDs
2.1 Cryostat
2.2 MechanPump
2.3 Compresser
2.4 Cryostat inside
3. Electronics
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Active area: 15*15 um2

OC > 95%
7 nmNbNfor 1550 nm

Abs: ~30%
IDE ~100%

SDE & Optics

V Active Area
V Spot Size
V Active Area
V Spot Size

V Thickness
V Linewidth
V pitch
V Opt Structure

V Thickness
V Linewidth
V pitch
V Opt Structure

V Thicknesŝ Tc̃
V linewidth
V Uniformity
V Current crowding

V Thicknesŝ Tc̃
V linewidth
V Uniformity
V Current crowding

0.99x0.99x0.99=0.97SDE  =   Opt Coupling    ³ Absorption ³ IDE

Challenges in Design σEntangled factors τ

Challenges in Fabrication: 

5 orders of Mag in 3 -D, ultra uniform ~ 5nm thick εtσwσl º1: 20: 200,000
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Improvement on absorption

Simulation of absorption for different structures
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High DE NbN SSPD @1550 nm

NbNSSPD with SDE > 90%& DCR<100 cps @ 2.1 K

Compatible with compacted cryocooler, lower TJ, wider temperature rangeCompatible with compacted cryocooler, lower TJ, wider temperature range

SCMPA 60: 120314, 2017

Top illumination

Bottom illumination

AIP Adv 8: 115022,2018
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High DE WSi and MoSi SSPD

MoSiSDE 96% @700 mK@1550 nm 
by Reddy, NIST, FF1A CLEO 2019

WSiSDE 93% @120 mK@1550 nm 
by Marsili, NIST, Nat Photon 7, 210 (2013)
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Break the trade -off in NbN SSPD
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Twin-Layer structure Ion irradiation
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Tune SDE with He ion irradiation

Schematic of He ion irradiation of the NbN thin film SDE vs Ib for SNSPDs with He ion irradiation

We were able to tune superconductivity of NbN nanowires, thus, tune IDE/SDE of SSPD.

~97.5%

W. J. Zhang Phys Rev App 12, 044040 (2019).

He+

Vacancy defect
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Å Adopt twin - layer NbN film, guarantee the 

ABS and IDE simultanuously

Å Highest SDE is 98%

VS

Opt Exp 28: 36884. (2020), Spotlight of OSA 

Tune ABS with twin - layer film
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Results from Other groups

NbTiNon SiO2/Au by TUDelftMoSion DBR mirror by NIST
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DCR of SSPD

Intrinsic DCR
Ib sensitive, vortex 

related

Background DCR
~ 10 -100 cps

Spectral dependencies of bDCR

Konstantin, App Phy Exp 8: 022501. 

(2015)
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Origin of iDCR

DUT with artificial defects iDCR in time domain

Conclusion: iDCR of typical SSPDs is contributed by the single (weakest) defect/constriction

Superconductivity 1: 100006 (2022) 

iDCR of Conventioal SSPDs in time domain
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Fight with current crowding effect

Maximum SDE ĕ̆DCR & TJ Ė

SUST 35: 055015 (2022) 

SSPDs with thicker bending area

Isw of SSPDs with thicker bending area 
for different filling ratios

Crowding effect in bending area
J. R. Clem and K. K. Berggren. 

PRB 84 174510 . (2011) 
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Filter on fiber end - face

SSPDs with high SNR

Patents issued in USA, JP and CN

SDE > 90% with DCR ~ 0.5 cps SDE ~ 54.1% εDCR ~ 0.005 cps

Customized Chip filter w/ loss of 0.34 dB in passband (1550+ -
1 nm) and ultrawide stopband up to 2.2 um

OE 22: 16267 (2014)

AO 54: 96 (2015) 

SUST 31: 035012 (2018) 
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Odwhvw Uhvxowv= VVSG zlwk SQU˃43

With using microstrip and increase L to tune the slope of rising edge for different incident photons 
and improve SNR Advanced Photonics 6: 016004. (2024) 

Schematics (top) and experimental results (bottom)

PNR up to 10 photons
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Latest Results: SSPD@4.2K

Dewar-based SSPD system SDE&DCR vs Ib for SSPD@4.2K
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SDE of 70% @4.2K with optimized NbTiNfilms
Optics Express 31: 30650 (2023) 
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Latest Results: HTS SSPD

BSCCO & LSCO-LCO

Nature Nanotechnology 18(4): 343 (2023) 

single photon response

MIT demonstrated HTS SSPD, though with poor practicability
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Latest Results: SSPD camera

Nature 622: 730. (2023) 

1. 800*500 pixels cover 4x2.5 mmwith resolution of 5x5 �…�u;
2. Four buses (8 coax-lines) for readout thermal coupled to pixels.
3. time-to-flight readout process; the spatial domain to the temporal domain
4. Unity efficiency for variable wavelengths

First SSPD camera with 400000 pixels by NIST&JPL


