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SNSPD for Quan Commun
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Quantum communication requires high performance SPDs with high DE, low timing jitter, high speed and low dark counts. As the field of QC develops, SPDs remain key components in QC. There are a few  publications on the demonstrations of SNSPDs in QC.
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SNSPD for Quantum Simulation

0 GO0 > oj*o qubit  ZE
T GHZ state 8 =..0 %

Panetal, PRL 86, 4435 (2001)

R 6-qubit
S GHZ state

Lu et al., Nature Physics 3,91 (2007)

8-qubit

GHZ state G n-photon coincidence count rate

R~h"
Yao et al., Nature Photonics 6, 225 (2012) Current Si SPD : h~ 20% @940 nm

If we could improve /to 60% Gives 1 Hz for f=10MHz for n=10
the coincidence count rate can improved by 4-5 orders of magnitude.
Measurement Time can be suppressed from 1 year to 10 min.
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Detection Mechanism

Cooper pair breaking by single photon

hv

Photon energy VS Superconducting gap/Cooper Pair energy
hn (1eV) VS 2D (6.4 meV)
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Detection Mechanism

P Material: Ultra thin NbN film —~ 5 nm

p Structure: nanowire ( linewidth <= 100nm)
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Dynamics

Planar Structure

v Thermal relaxation time : tens of ps

high speed detection
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Current of SNSPD (mA)
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SPD performances @ 1550 nm

Dark .
SPD Count Rate DE Counts Jitter Temp.
Hz % 1 PS
S
SNSPD (NbN) >100 M > 80 <1 <20 ~22K
STJ (Al) 5K 60 N/A N/A < 1K
TES (W) 100 K 95 ~0 100 ns 0.1 K
INnGaAs APD 100 M 20 16K 55 200 K
IRPMT 10M 2 200 K 300

SNSPD is a very competitive
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Applications

u Deep Space Laser communication u QKD
200Km MDI-QKD

4%
- Download vs Upload
SR e2Meps20Mops

Fiber Sensing

IC testing

Biological fluorescence
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Deep space laser communication

U 2013/9/6 LADEE
launched

U 2013/10/18 moon
satellite-earth
communication
demonstrated

Record-breaking distance of 380K KM

e Download vs Upload
622 Mbps vs 20 Mbps
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Our work

Design & Process

Detection Mechanism
High Performance

Quantum Information
Single photon Imaging

Ultra thin film growth
LIDAR

Growth mechanism
New materials
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Structure Development

Baek, APL 95, 191110 (2009).

Au~ 100 nm
SI0~220 nm ¢ £ NBN
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SEREALE:
w/o cavity Single Cavity Double Cavity SDE ~ 80% Di-electric Mirror
1 SDET> 5% 1 SDET> 17% SDE >35% SDE > 50% SDE > 70%[ 1 °DE ~T80%
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The key is to improve the photon absorption of the superconducting nanowire
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Improvement on absorption
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SNSPD at 1064nm
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Why 945 nm?
» Best available QD at this wavelength
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SNSPD at 532nm aiming to SLR

Device design and performance

SLR measurement setup
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High DE SNSPD@ VIS&NIR
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Demo---- MDI-QKD
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SNSPD SDE > 40% @10 Hz DCR

First Demonstration of
200 km MDI-QKD in lab
& 30 km MDI-QKD field test

Collaborated with JW Pan’s Group in USTC
Y. L. Tang et al. PRL 113(19): 190501. (2014)
Y. L. Tang et al. IEEE STQE 21(3): 1 (2015)
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T

Demo ---- Quan Source characteriz.

Collaborated with W Zhang in Tsinghua Univ.
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Conclusion
[0 SNSPD matches the requirements of Ql and .....
0 High SDE from VIS to NIR

0 Low DCR

O Low jitter ......

o Niche market available for SNSPD

Other Companies:
@ SconTel (Russia)

IDQ

@ Single Quantum (Netherlands)

SUPERCONDUCTING NANOWIRE SINGLE-PHOTON DETECTOR
@ Quantum Opus (USA)

ID280 SUPERCONDUCTING NANOWIRE WITH 50% @ Photon Spot (USA)
QUANTUM EFFICIENCY AND FASTEST ELECTRONICS
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