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Introduction

Quantum information & Quantum key distribution
SPD & SPD arrays (TES & MKID)

PMT & SP-APD

SNSPD
- Attempts to create arrays of SNSPDs have had limited success
- Current state-of-the-art SNSPD array is limited to ~100 pixels
- Lacks spatial sensitivity (modelled as lumped-element inductor)

SNSPI
Position & Time arrival



SNSPD



The experimental setup



The experimental setup
q = 13.0 um
h = 9.7 um
p = 5.4 um

427,905 photon-detection events

metal mesh

image



Two fluid model
- Superconducting current (w/ electron density, 𝑛")

- Normal current (w/ electron density, 𝑛#)

1
2𝑛"𝑚𝑣"

( ℒ* =
𝑚
𝑛"𝑒(

= 𝜇.𝜆0(

𝑒 : elementary charge
𝜆0 : London penetration depth
𝜇. : permeability

𝑛" : superconducting electron density
𝑚 : electron mass
𝑣" : velocity of the Cooper pair

In this experiment
- 7nm thick niobium nitride film (superconducting nanowire patterned on it)
- ℒ* = 3.43	×	1089: Hm



Guiding microwaves
High kinetic-inductance of thin superconducting nanowire

è Low signal-propagation velocity in an SNSPI

Guiding detection pulses

- Signal propagation velocity 𝑣 = 1/ 𝐿"𝐶"
�

- Characteristic impedance 𝑍 = 𝐿@/𝐶@
�

- 𝐿" : inductance per unit length, 𝐶" : capacitance per unit length

In a superconducting nanowire,

- Kinetic inductance ≫ Faraday inductance

- Reduction of 𝑣" + increase of 𝑍 (compare to normal metal)

The measured velocity in this experiment è 5.56	µm/ps



Superconducting nanowire single 
photon imager (SNSPI)

SN

ℎ𝜈
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(𝑥L, 𝑡L) 𝜏9𝜏(

* Total nanowire length = L

Detector + Delay component

• Higher imaging speed
• Higher spatial resolution
• Simpler apparatus

𝑥L =
𝜏( − 𝜏9 𝑣 + 𝐿

2

𝑡L =
𝜏( + 𝜏9 − 𝐿𝑣

2
constant velocity 𝒗

Hot	spot



Spatial and temporal detection

𝑏 𝑥 = 𝑒8
UV
(WV where ℎ = X

Y×
Z
(

Gaussian point-spread function è estimate effective resolution

𝛿 :	standard	deviation	of	the	Gaussian	distribution	of	electrical	noise
𝜌 :	slope	of	the	pulses	at	the	discrimination	threshold	level

Spatial resolution
• Electrical noise in the readout circuits

à var. in the 𝜏9 & 𝜏(
• Speed of signal propagation(𝑣) in the transmission line

Substituting 𝑣 = 5.6	µm/ps, they got ℎ = 12.0	µm
Thus,

𝑓o = 28.4	µm (FWHM of 𝑏 𝑥 )

The width determines the noise-limited spatial resolution

X
Y
= 4.3	psà 𝑗r



Spatial and temporal detection
q = 13.0 um
h = 9.7 um
p = 5.4 um

427,905 photon-detection events

metal mesh

image

Vertical spatial resolution : 13.0 um
Horizontal spatial resolution : 6.9 um

𝑓o×
𝑝
𝑙u

= 6.9	µm

𝑙u = 22.24	µm	
(effective length of one meander period)



Spatial and temporal detection
Three pulses(ps optical pulse) for three different detection locations

One end

The other end



Spatial and temporal detection

989,897 photons

MIT logo

Data signal along the superconducting nanowire



Spatial and temporal detection





Spatial and temporal detection

Timing jitter (jd) = 50ps

tp

tr

optical pulse

𝑡L =
𝜏( + 𝜏9 − 𝐿𝑣

2

Mode-locked at 1.5um



Detection performance
Wide optical bandwidth

𝐼@x = 67.4	µA



Detection performance

Exponential dependence
(similar to SNSPDs)

𝐼@x = 67.4	µA



linear

Detection performance

FW
H

M

𝑠̅ = 29.9	µm
𝑠. 𝑑. = 0.9	µm

𝑓o = 28.4	µm

𝑁� = 𝐿r/𝑠̅ ≅ 590
number of pixels

𝐿r = 17.635	mm

~10�	pixels/cm(

log-scale



Summary

• A scalable architecture for single-photon imagers 
with precise temporal resolution

• ~590 effective pixels, sub 20 um spatial resolution 
and 50 ps FWHM temporal resolution

• Further scaled up by integrating multiple SNSPIs



More…



Superconducting nanowire single photon detector (SNSPD)

Applied	physics	letters	98,	251105	(2011)

NbN/NbTiNè a-WxSi1-x (amorphous	tungsten-silicon	alloy)

Tunable	transition	temperature	Tc up	to	5	K
Larger	hotspots	(smaller	superconducting	gap	energy)
Lower	electron	density	à low	critical	current	density

1550nm

Detection	efficiency	of	19%-40%	over	a	wavelength	range	of	1280-1650nm



Superconducting nanowire single photon detector (SNSPD)

Optics	express	8904	(2013)

Time-of-flight	technique

At	1560nm
Detection	efficiency	of	18%	1	kHz	d.c. rate
with	system	jitter	of	~100ps

1	km	away



Superconducting nanowire single photon detector (SNSPD)

Nature	Photonics 7, 210–214 (2013)

1550	nm

93.2% /	80.5%

T=120	mK

Poincare	sphere

R = SDE���/SDE���

WSi SNSPD



Superconducting nanowire single photon detector (SNSPD)

Nature	Photonics 7, 210–214 (2013)

1550	nm

250ps
150ps



Superconducting nanowire single photon detector (SNSPD)

Applied	physics	letters	108,	131108	(2016)

electrical	cross	talkathermal avalanche



Superconducting nanowire single photon detector (SNSPD)

Optics	express	8705	(2017)

MoSi SNSPD

SDE	=	76 ± 4% (3.2	K)	at	315nm	for	9Be+



Superconducting nanowire single photon detector (SNSPD)

Optics	express	8705	(2017)

𝜔��/2𝜋 = 46.23	MHz

3.8	K



Superconducting nanowire single photon detector (SNSPD)

Optics	express	10322	(2017)

$ 4M

MZI

Ring	filter



Supplementary



SNSPI speed

• Using a 200MHz counter (w/o timing info.)
• Removed the charging effects from the amp.

(Maximum counting rate) 
= 𝐶𝑅u�U
à 2	×	10� cps

𝜂. : detection efficiency when the device
is fully reset to its initial bias current

∗ the linear part (gives 𝜂.)
à inter arrival time of individual photons is

longer than the current recovery time



Detection performance


