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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 m ~  0.8  eV
~  1.3 x 10-19 J
~  -169 dBm

About a photon

There are ~ 1020 photons per sec for a 10 Watts lamp theoretically
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Single Photon Detector (SPD)

PMT

External photoelectric effect

APD

Internal photoelectric effect

SSPD

Cooper-Pair breaking effect

Since 2001Since 1950s Since 1965

Gol'tsman APL2001
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Photon energy vs  Superconducting gap/Cooper Pair energy

h (1eV)      vs               2 (6.4 meV)

Cooper 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)
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More in History

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

We may learn more from history ( to read original papers)

Book written by Honglin Ding in 1993
Ref.1: Liengme O. Superconduct Particle Detectors, Ed by Barone, World Sci Pub, 1988
Ref.2: D. H. Andrews et al, Phys. Rev. 76, 154 (1949) info from Masakta Ohkubo @AIST
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SPD performances @ 1550 nm

SSPD
15 x 15 x 10 mm

l350 x 400 x 450mm
Power：1.3 kW

Pride/Sumitomo

600(H) 

SPD
SDE

（%）
DCR

（cps）
CR

（Hz）
TJ

（ps）
Temp

（K）

SSPD (NbN) ~ 98 ≤ 1 ≥ 1 G ≤ 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

APD APD module
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SSPD System

SSPD chip & cryostatSSPD systems (1.2 m high Rack)

1. SSPDs
2.1 Cryostat
2.2 Mechan Pump
2.3 Compresser
2.4 Cryostat inside
3. Electronics
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Latest practical systems

100-ch SSPD systems

100-ch system

2nd stage

1st stage

Flexible cable

SNSPD

Heat sink

GM 

cryocooler
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microstrip cables

packaging

100 SSPDs

Commercial
Compacted SSPDS
( from 22U to 14U)
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Active area: 15*15 um2

OC > 95%
7 nm NbN for 1550 nm

Abs: ~30%
IDE ~100%

SDE & Optics

✓ Active Area
✓ Spot Size

✓ Thickness
✓ Linewidth
✓ pitch
✓ Opt Structure

✓ Thickness（Tc）
✓ linewidth
✓ Uniformity
✓ Current crowding

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

Challenges in Design：Entangled factors；

Challenges in Fabrication: 

5 orders of Mag in 3-D, ultra uniform ~5nm thick，t：w：l  1: 20: 200,000
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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

IEEE-CSC, ESAS and CSSJ SUPERCONDUCTIVITY NEWS FORUM (global edition), Issue No. 60, Sept. 2025. 
Presentation given at ISEC 2025, Erfurt, Germany, June 2025.



中国科学院上海微系统与信息技术研究所 Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences15

 Adopt twin-layer NbN film, guarantee the

ABS and IDE simultanuously

 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

NbTiN on SiO2/Au by TUDelftMoSi on DBR mirror by NIST
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SDE99%@1550nm

关于高效率，请李浩补充 1-2页；

Uncertainty analysis Laser power Polarization Fiber welding Wavelength Photon counting Uncertainty 

Percentage（%） 0.6（k=2） 0.04（k=2） 0.1（k=2） 0.01（k=2） 0.14（k=2） 0.89（k=2）

99.2%@17.55 μA

Device1 Device2

99.0%@17.80μA 

Bias current (μA) Bias current (μA)
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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 ，DCR & TJ 

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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SDE ~56%, DCR ~1 cps

SDE ~80%， DCR ~0.5 cps

SDE ~2.3%, DCR ~10-3 cps

Opt. Express 22, 16267 (2014).

Shibata et al, Opt. Lett., 40, 3428 (2015).

Mueller et al, Optica, 8, 1586 (2021).

SUST, 31 035012 (2018).

QE

Without fiber coiling

12 mm

21mm

SMF 28e XB optical fiber

free-space 

fiber-to-fiber

integrated bandpass filter

coiled fiber as a short-pass filter

on-fiber filteron-chip filter

Konstantin et al, APE 8, 022501 (2015).

Challenging: cryogenic optical filter with low insert loss, wide stopbands, and narrow passbands

bandpass filter bench (bulk filter)

SDE~72%, DCR ~0.1 cps

QE ~20%, DCR ~4 cps

Suppress background DCR

Patents issued in USA, JP and CN
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SSPDs with low DCR or high SNR

• SDE ~60%，DCR ~ 0.02 cps， TJ~ 34 ps (40K cryo-LNA) @ 15 μA

• Figure of merits (FOM) = SDE/(DCR*TJ) ~8.8×1011

SDE

DCR Timing jitter

passband

~13 nm

~20 cps

~0.02 cps

Surface-Mount bandpass filter (SM-BPF)

• compact packaging

• Promising mass production

• independent optimization

• stopband up to 2.2 μm

IEEE-CSC, ESAS and CSSJ SUPERCONDUCTIVITY NEWS FORUM (global edition), Issue No. 60, Sept. 2025. 
Presentation given at ISEC 2025, Erfurt, Germany, June 2025.



中国科学院上海微系统与信息技术研究所 Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences23

SM-BPF with a high transmittance

• a SM-BPF with ~94% transmittance packaged with a SSPD featuring ~98% SDE at 1550 nm

• SDE ~90.5%@ 0.4 cps

Room temperature transmission spectrum vs 

SDE wavelength dependence

SDE and DCR vs bias current with and 

without SM-BPF
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PNR of SSPDs
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I-V curves of SSPD

Single photon response in time domain

𝑉𝑝𝑢𝑙𝑠𝑒 =
𝑅𝑛

𝑅𝑛 + 𝑍0
⋅ 𝐼𝑏 ⋅ 𝑍0 ⋅ 𝐺Amplitude

Conclusion：SSPD is a switch, which do not have PNR

Rising Edge Falling Edge𝜏𝑟𝑖𝑠𝑒 =
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TCSPC measurement

PNR using time domain characteristics
◼ Recently, with improved measurement resolution, conventional SSPD has been found to resolve photon numbers  with the

arrival time or rising edge of the response pulse.

1 photon

2 photon

◼ The measrement is similar to the timing jitter measurement

1 photon
2 photon

TU Delft, APL Photon. 9, 066101 (2024)
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Fast parallel SSPD with PNR of up to 8

ID Quantique, ACS Photonics 2025, 12, 320
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SSPD with PNR~32

SSPD with high efficiency and PNR （SDE ~ 98%, PNR ~ 32）

✓ Single channel readout；

✓ High efficiency (98%)；

✓ Low noise (20 cps)

✓ High PNR (32)

✓ High Fidelity

PNR with Resistive-shunted SSPDs Fidelity of Multi-photon
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Microstrip SSPD with PNR ~ 10

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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Two-terminal two-photon coincidence counter using SSPDs with customized delay-
time series, which resolves all 152 potential single- and two-photon events in a 16-
pixel configuration, with combinatorial time logic and amplitude multiplexing.

Kong et al, Nature Photonics, 19: 407 (2025)

Two-photon coincidence counter 
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SSPD@4.2K，Drone-based SSPD

Operation in LHe

Optics Express 31: 30650 (2023) ; AP Nexus 4: 026003. (2025) 

Material optimization → T from 2.2K to 4.2K

Drone-based SSPD system w/ SDE>90%@1550 nm
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SSPD plays indispensable role in QIP

Quantum Information

Quantum 
Communication

Quantum 
Computation

Quantum 
Metrology
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Requirements from QI

QKD

High performance SPD is indispensable for QI

Quantum Comput/Sim

At least 4 SPDs for BB84

SPD: High DE, Low DCR, High Speed

50 qubits need 100 SPDs

SPD: High Speed, High SDE, PNR

Ku (final secure key rate)   f   L DE

ER  Rdc/Ku

ቊ
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SSPDs for Quantum Key Distribution

2023: TF-QKD over 1000 km
using SSPDs w/ ultralow DCR 

 PRL 130: 210801 (2023)
 Nature Photon 17: 416 (2023)

SSPDs had advanced QKD effectively

2023: TF-QKD w/ 110 Mbps (10 km)
using SSPDs w/ high speed
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SSPDs for Optical Quantum Computation

03

➢ 1st Boson Sampling using SSPDs

➢ Scalable Boson Sampling with photon loss

(13 SSPDs)

➢ 12-Photon Entanglement and Boson Sampling

(24 SSPDs)

02

➢ 20-photon Boson Sampling

(~48 qubits) (60 SSPDs)

04

➢ JIUZANG: 76/113/255 qubits Boson Sampling

➢ 100/144 SSPDs in 7/10 cryostats, SDE ~0.81/0.83

01

Collaborated with USTC

◼ PRL 118: 190501 (2017)

◼ PRL 120: 230502 (2018)

◼ PRL 121: 250505 (2018)

◼ PRL 123: 250503 (2019)

◼ Science 4: 070501 (2020)

◼ PRL 127: 180502 (2021)

◼ PRL 130: 190601 (2023)

◼ PRL 131: 150601 (2023)
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SSPDs for fluorescence imaging

Non-invasive in vivo confocal microscopy in NIR-II

Nature Photonics. (2024), HJ Dai @ Standford Univ 

https://doi.org/10.1038/s41566-024-01391-5

Confocal microscopy using SSPD

 NIR with Wavelength over 2 um;

 Quantum limit sensitivity;

 Large penetration depth for biological imaging
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SSPDs for remote sensing

Pulsed laser

Single photon detector

Optical telescope

Satellite Space debris MoonMetastable helium

Nanjing University applied his high-speed SSPDs with a large detection area to 

detect metastable helium in space, range satellite and moon-to-earth.

Space Weather, 2024, e2024SW003977. Courtesy of Prof. Labao Zhang
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Niche market

  7 company players in the world ;

 Estimated sales ~40MUSD ( ~ 240 sets) / Y2022
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Conclusion

 SSPDs outperform semiconducting counterparts

 Many applications of SSPDs for QIP

 Niche market available for SSPDs

SIMIT Group

USTC Group
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We are looking for young talents to join SIMIT-CAS

Superconducting Electronics Facility（SELF）

Contact:  lxyou@mail.sim.ac.cn
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