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Superconducting Nanowire Single Photon Detector (SNSPD)
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Outline

SNSPD

High Speed SNSPD array 

Various Delay Line Imagers

High Efficiency Waveguide 
Integrated SNSPD
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Four Quadrant Serial Nanowire Array
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Piled-up pulses
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Quasi-parallel counting in a serial nanowire architecture

Fired pixel can reset fast 

Bias current of unfired pixels Bias current of unfired pixels
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Single photon firing events will NOT affect the bias current of the unfired pixels.

X. Tao, et.al IEEE Photonics J. 12(4), (2020).S. Jahanmirinejad,  et. al., Appl. Phys. Lett. 101(7), (2012).
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High-efficiency and high counting rate

DE: >90%

Jitter: 21ps~78ps

Counting rate: 1.6 G ph./sec @ 45% DE

Examples of fast counting pulses
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Free-space optical communication testbed

Single-photon optical communication characterizations
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Tolerant to strong background noise for daytime communication

PNR FEC Gain

× 𝟖𝟖

× 𝟐𝟐

Maximum Photon Number Resolving Capability 𝟒𝟒 × 𝟔𝟔 = 𝟐𝟐𝟒𝟒 photons
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Beam spot tracking

Tracking OFFFour-quadrant positioning under
 photon-counting mode 

Tracking ON
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High dynamic detection and imaging
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Laser Photonics Rev. 2400483, 1–12 (2024). 10
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Demonstrations of high dynamic imaging

Passive Thermal Imaging Passive and Active Imaging
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Superconducting nanowire delay line imager

Right pulse arrival time

tR = tp + (L/2-x)/vLeft pulse arrival time

tL = tp + (L/2+x)/v

Photon arrival time tp 

-L/2

L/2

0
x

A simultaneous readout for 
both photon location and time!

Locaiton: x = (tL – tR)v/2

time: tp = (tL + tR - L/v)/2
differential time

sum time

Design the nanowire into a 
slow-wave transmission line

Q.-Y. Zhao,… K.K. Berggren et al., 
Nat. Photonics,, 2017.

*Similar to MCP Delay line anode
readout method.
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Scale up to various arrays

λ = 404nm 

1D linear array 1×100 2D array 16×16

 Higher spatial resolution in 1D linear array
 Less crosstalk in 2D array

H. Wang, et. al., Opt. Lett. 47(14), 3523 (2022).
L. Kong, et. al., Opt. Lett. 45(24), 6732 (2020).

1. Limited Spatial resolution
2. Low filling factor

Limitation 
in 2D array
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Orthogonal time–amplitude multiplexing array

L. Kong, et.al., Nat. Photonics 17(1), 65–72 (2023).

Hot spot 
quantization

SNAP with 
varied L

Amplitude 
multiplexing+ +
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Orthogonal time–amplitude multiplexing array

L. Kong, et.al., Nat. Photonics 17(1), 65–72 (2023).

Nearby pixels: Amplitude multiplexing (Hotspot quantization)

Distant pixels: Time multiplexing (Delay line)
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High-Efficiency Kilopixel Imager at 1550 nm

184 μm

192 μm

Extra delay line

2-SNAP

Width: 100 μm

 Effective Area：184 μm×192 μm

 Vertical Resolution：4.8 μm (~40 pixels)

 Horizontal Resolution：5.8 μm (~32pixels）

 Low Tc material: WSix for enhanced QE
 Microstrip transmission line + Optical Cavity
 Operate at 1 K
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High-Efficiency Kilopixel Imager at 1550 nm

Free space imaging 1K system
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Single-photon event camera

Conventional 
integral sampling
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Pixel 4 Pixel 7 Pixel 2 Pixel 9 Pixel 1 Pixel 8 Pixel 3 Pixel 5 Pixel 6

Background BackgroundDark Count（x, y, t）

Frame determined by row-column  sequence

White 
noise

No fixed frame, random pulse train

Dark count

CMOS

Photon event 
counting

Spot moves at 500 Hz

Every frame = 200 photonsPhoton event synchronized, fast and low latency!

Short-wave infrared 
camera

SNSPI event camera
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Hybrid integration quantum photonic circuits

Filter Coupler Modulator Detector Fiber gratingSource

Prepare Manipulate Detect

读出电路

Output

Our focus

A. W. Elshaari, et. al., Nat. Photonics 14(5), 285–298 (2020).
J.W. Silverstone, et. al., IEEE J. Sel. Top. Quantum Electron. 22, 390 (2016). 19
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Hybrid integrated SNSPD on waveguides

Pick up Lift off

Membrane 
SNSPD

PDMS 
Stamp

Release 
SNSPD

*Hybrid integration was first demonstrated by F. Najafi,  et.al., Nat. Commun. 6, (2015).
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>99% on Si waveguide detection efficiency

Collaborate with Jianwei Wang at 
Peking University

C1 C2𝑃𝑃1 𝑃𝑃2

Single ODE：98%
Double ODE：99.96%

1500 1510 1520 1530 1540 1550 1560 1570 1580 1590 1600
-40

-35

-30

-25

-20

-15

-10

A
tt

en
ua

ti
on

(d
B

)

single SNSPD

double SNSPD

Wavelength (nm)

Absorption 97%~98%

Absorption 99.96%~99.98%
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>99% on Si waveguide detection efficiency

𝑂𝑂𝐷𝐷𝐸𝐸 = 1 −
𝐶𝐶2 × 𝑄𝑄𝐸𝐸1
𝐶𝐶1 × 𝑄𝑄𝐸𝐸2

× 𝑄𝑄𝐸𝐸1

Detection coincidence of 
100 photons

98%100 = 13.26%
99.72%100 = 75.54%

Detection coincidence of 
1000 photons

98%1000 = 1.68𝑒𝑒 − 9
99.72%1000 = 6%

Other losses: Reflection ≈ 0.2%, and waveguide loss 

𝐷𝐷𝐸𝐸 = 1 − 0.2% � 99.92% = 99.72% 
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Large-scale chip production and automated testing

CPQ_Probe1K

*与南京鹏力超低温联合研制

Mininal temp.：1.3 K

Vibration:  < 1 𝛍𝛍𝛍𝛍

Chip size: 20 mm× 20 mm

Nanopositioner：4× XYZ

Probe Station
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Total device 245

No response 26

Not saturated 37

Saturated 182

Yield 74.3%

Switching current 
distribution
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