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Abstract: Superconducting nanowire single photon detector (SNSPD) is an optical detector with quantum-
limit sensitivity. The detection mechanism is based on the Cooper-pair breaking by the photon energy,
which results in a phase transition from superconducting state to non -superconducting state. SNSPDs
surpass the semiconducting counterparts with high detection efficiency, low dark count rate, small timing
jitter, short dead time, broad spectrum sensitivity as well as free —running etc. SNSPDs with high
performance have been applied in various fields, such as, quantum information, laser communication, light
detection and ranging. The progress of SNSPD research and development, application as well as
commercialization at home and abroad in the past few years was summarized. An outlook of SNSPDs’
R&D as well as applications was also provided.

Key words: single photon detection;  superconducting nanowire single photon detection;  quantum

information;  quantum communication

%% H #A.2018-10-10; &7 H#A.2018-10-21
B4 TE . B E S0 & 2135 H (2017YFA0304000) ; [# 5 F 84 Fh2% Jk 4> (61671438)
EZ B a2 (1976-), 53, 7T b, EH Pt FEMNFB S H P2 0 5T, Email: Ixyou@mail.sim.ac.cn

1202001-1


mailto:Email:lxyou@mail.sim.ac.cn

oGk AR

% 12 4 www.irla.cn % 4T &
R (IEC) M B T E X sk & il S IETE R 30
0 5] & SNSPD HFREAL TAE .,

T R RN 2 I B — SRR R A
BE, TR A T AR T R A DT
M — DR TSR, F S0 R & 045 B8
PR 2% S v i 38 7 LA e RO (IR S | e R
AR A (AT AR AR 2 A0 & 5 5 A nT AR e 35,

S g K 2R 7 R 2% (Superconducting
Nanowire Single Photon Detector, SNSPD)* J& 2001 4F
&% W A\ Goltsman % B i) — B g7 24 1) 50 + 48 DU
o TZIRIN % A LY 58 ) 2 e T O R = R (L
NbN) il #5 B9k 2 . TAERT, 28 KL — A 8 1R
i, H/NAEFHE  (H R B/ T 98 K 2 0 88 5 i 57
HLU . 2 — OGPl S AR LIS, B Ty
RE I (SR A WA LM BOG FRER 2 1 eV) LM
SRR HE S BEBR (NDN A RHZ 3 meV) K 2~34
B, — 68T DR ECEOE S AR X, T 7E
PR Lk I — A 2 A X, RS X
FA) 32 S B OKR 2R ) Je ek R 3 5 R e LT DL
AR AR I S A B, AT B S 4K
AT BHIX 1247 BHL X 1 fig i 2338 0ok L - 75 1 st
BRI WK WG i A, XA -
A RS -8 T 25 1 20 2 2k PR AE H B R AE 9K
AP A R R, IR IE (2 1 mV, iE
I X 33X A HL R S e ) TR 1) AT S BB
PRI, SNSPD & — A~ HL A8 (%) HLAT 5+ W BR R B 1Y
PR 2 2

23+ JLAE ) & J'é |, SNSPD Ay 3= B fie 5 i (3%
NI AN i o QN N 151 E 2 ) I 7 o Y T R I B
BT RIGHET, EPERER SNSPD # 4 E 4 fE i T 5%
oy k Dt P BOGEAS HOLE IR E AR Z M
AR T RN R UE A OGN A R WA T
SNSPD 17l Ak, 43k H N & A 7S /N R
45 A FF AR G B SNSPD AR ALz 1, E PR T2

[ A 41 SNSPD Ay T 3 7 55 SEHE 9E , R AR B
PERE B HE— 4R TH KR b AL RO HE#E , SNSPD # 1iz H]
G ot — AR, SCREE T HE R B LT
RS 5 E BBORBEFE R [ B2 B v, 1o
MBI L B TAR 4 T 3 25 JLAF SNSPD @ i)
FEEE RN QAR EE RGN K B Lk e
TAE TR, X 2 AR A (19 A B 1 A A
HEE,

1 SNSPD W #HE

SNSPD P fig i P i $2 7+ 453 25 T % SNSPD £ ]
BLER B 1) AN TR A, BE AR, 65 | H T IR 55
Je it Bl EH AR MR L 5E 4> PR BE T SNSPD 14 fiE 1Y
BVE LK SNSPD [ A [ 14 R 46 7 Fl 4% A i
JEHEAT 5 AR
1.1 =R

SNSPD 44 5 2% i AR & 850% G IRICRL
RFNAAE AR = A N & I m pese |, Wik b
W = AN FE, AT LS BRI SOR 1 ok fe Bl JL
AR, AT R R A IO [ e WSRO B G2 A5 L
WA I3 5% T 45 4 WL e AR 5 40 5 fili 45 SNSPD 1)
6 R R A2 100%, 2013 4F, 3€ [ [ 5K A
SR RBESE B A H WSI BB R SEEE T 1550 nm I
K SNSPD #1415 ] 93%M ;2017 4, v [E Bl 24 B
RS S 5 B R BESE BT ORI NDN A4
SEPLT 1550 nm K SNSPD 4R i 90%@ |-
g5 BT AR HF H R WSI FI NbN 26 3 3 b R
SNSPD #RIMACR e 4k . T 2R, Lk
AN REFNBCR, AT R G2 1m0 Bk
HBESTE AT R G AR MACE, tanter#%3k 0.1 dB
A FE 23 1 I R GERCRREAR 2.3%, FLIR b RGN
BCRAT AT DLt — 2048 T 5 2 iR 2 s 2T 100%, iX

1. BFrd & {4 (IEC)T 2017 X 4 7 B Fr47 /£ IEC 61788-22-1, Superconductivity-Part 22-1: Superconducting electronic devices-
Generic specification for sensors and Detectors, /&% 4% /& ¥, # & 5| SNSPD #) JUAT 4 M & — A4k &4 (nanostrip), 3k 45 K &
(nanowire), B b4 st £ 380 B 4 % % “superconducting nanostrip photon detector (SNSPD)”, L4 AAF R A R L K A 494 %

2. T SNSPD WA b, 3 A Hotl JUAF 3T 52 I F 4R M 69 A2 § 24 | b e A8 40 & i 5480 38 (TES) (A F 138 45 (STY) R F 3 & & &
KM B (KID)F, 2R eM o hitfe Akl SNSPD AR ARA MR M £ BT EHEE, XEZR——A4,

1202001-2


http://www.irla.cn

oGk AR

%12 4

www.irla.cn

% 47 %

A B R G T P B AL TR
1.2 EFit#

SNSPD % THEL FE L AFEW A . —F 2R
2% A B AIERE T 5 —F 0 21 w4k, ok
JRT SNSPD R 4t 1) S AR SR 5 FI A i 24 06 ARIE
i T 0 B O B SRR BT R, ]
P B AR L TG AR e A e iR, R
RO N R0 AN, AFR— A R FIRE
T YRR R IR AT A DG, R TR R
F 5P SNSPD #R1 B 1) 348 58 458 6 A 56, X
T— LG W ICAH S SO 22 BOG AW
SNSPD #& 4t , Hii5 e T3 22 th fil5 SNSPD #Hi%
(8 S £F £ = T o 14388 ' FH B Sk i AR S B sk, I
U, 75 SR ECR AR ACR 2 IE e, 76 SEBR I A
FF 38 YRR LI, X A A I B A Tk ek T
DLW | kS 32 B DR A R T s TR B TR A
S GEREREE VT DLE A TR R 0 i TR ER
6T 9 SNSPD I i [) s, 308 ok 446 K 2 808 S s i
B, T KR 4 7 SNSPD #3815 e L . 7EJE I AT,
HL7Y SNSPD 9 5 114507 DL il 7F 10~100 Hz; 2%
JEVE IS WETHECRT LAk /g 1 Hz DL B
1.3 JEAtiE/EE

HERT (] S B T SNSPD 7 B 35k I i i O 5 19 g
J1o MHLZA A SNSPD HY % 7 Wi b %) %7 SNSPD |
8 FRL I PR /N B — o {H, SRS B TR AR R R X
A B ] B B 8 % FE & SNSPD %8 f24: i) $hath 7 i ] 5 5
Bro#i R FE R ] 22y #R P S A T e . T
T R N K R S A it 2 D' ST 2 BRI OK 2k
LRI, SR ECNL T ELA N FEET R,
SR ZHF A FE T [ AE TLAS RS2 L+ AR S5, 2%
PERTTHECR N LR BUL T IRANSE | sl Ak #8119 5l
2SRRI Y R B T L S B B A i — 4R T
1.4 BtiEEzh

BALY T 07 E K A L R o
PR B B s, — 7w, iR S AR SNSPD #%
PEE R BRI G, AT 2R Ge 45 A3 43 B ) ) 2
A W B i s ()} A Bk A R A 1 e ] R
S IR RS A B a1} 3 5 R A 5 1
5 MR EAT G (5 MR LR B ) Bl sk . — A~ 52
L) SNSPD g4, Fosme A5 M Lk T LAASE 20 ps DA

R SR ST R )R Sk FO - 7E SNSPD 4
KR AN [ 57 84 R LT 5 | 1Y) P A 5 A i A AN [+
AKX, OA TR 3 48 K 26 A i a] B 3T Lk
# 3 pst?,
1.5 BEiLME R

BT 6T il R R FS PR X HLR] 38 i R [
SR RE A 8 DA B 25 R R L AT 2 8 £ Ak, SNSPD
AT ELA AR T 7 G e 7 i R S0 FE 3 B R
EREIRI M X-ray Bl s+, JFHEA
At 1 B TR B RN e L B H R G A A OC T
YEHZGE , 13X 47 221k SNSPD (7 FH A 1] 58 ) I A9 Bk 2
I FH AR5, 33Xt 2 SNSPD It - Hih 28 8 25 78
i 1) S RRAE

BT ik E B FEBR DL AN, SNSPD 7 [ 31 352 H
AR DeFESHERe ) Lk SR A s SR T I
it R JUAFE NG IR R i e, MR PR RR IR AT IR K
LT 25 1]

2 SNSPD [ H

/= M BE SNSPD 1y H B 45 4R 22 A1) i M 50 56 Ak
HERE A S T R S B OIS
FETEAG I 6 £F 1 B A AT ) S0 Bl 2 R IR, R S R
FHYSE Y 200 BURIR 2, ok —— 3128 . F st LA
QB A L A TRT A 2
21 EFER

TS BHOR 2 25 20 4F R A AR
Gz — Bt S SNSPD $7 A & 2 i f 5 2 )
FoRAE5], M 2005 4 3% FE NIST 15 %K SNSPD i
F| BT E A5 LIk, SNSPD & 48 i g 4 & 7 1518
WA KRN EHTFZ — hEBFE AR K
WA B HI BRI T EREBE IR S S R
AR 5T T BIF & 1 1 BB SNSPD #% 1 75 3 25 JL AR
WA T ZT0RLF & T %8 0 2t R a sk, Bl
50 FF 404 km JE2F 5t %5 5 43 & fiedm R S 1) i 5
2 SR 124 7 P B8 R 1 350% SNSPD i {4 S5 T
RIS R IR PR A 4% &
THRBU5 R & T 2 ek f 22 5000 kil g
A, R SNSPD #4340 1 T g FH B A4S SR AR 45
IR SR -2 fig SNSPD b 3R 7E
T B AU [ PR b B T RO AR T 2

1202001-3


http://www.irla.cn

oGk AR

% 12 4 www.irla.cn % 4T &
FARZFE, = PERE ) SNSPD 22 3| T i 115 8, 55 403 1Y A%

2.2 REHEE

25 [H) b 27 5% 25 [ 38 A e AR ) 2SR Bk by |
SR R RN A5 A fe 223 ) Bk 2 1 00 % 223 (v 388 4 3k
P R M EOR ARG B SOGE 1 © TR T R
3R o AR AN S AR VRS AR I B AR L i
BOGEAFAH L, G F B A BN TIFEAR 4 5 K (5
) AEPEH SR, 2 ]  { % 0 245 19 1 R 428 1y
TR EOK . 2013 4F 6 E NASA HIRSEH T4 A
HUiE TR BR8] (% 6 {E (LLCD Wi H ), )
A i T 2 3 ) v 78 SNSPD B8], S 9 T T Kb b
622 Mbps [ BLHEHOGIEAE , B2 23 DG 15 /Y
FEAR ., H AT 9% EIE 7P R T — R AR W B
(TDM), Jil7E 2021 4&F) 418 — 4% SNSPD [ %1 512
KRB ER (2.6 4> K ICHAL) Y 45 kbps #Y O E
fre=,
2.3 BREiE

Ot E ik (Light detection and ranging, LIDAR)
T T “ATHEE] (Time of flight, TOF) i) — f 5
BB AR IO 2 A AR T LS B TR R 2 R
ST W R AR XA I 45 0 P AR RS R A4
RGeS RS OC . A Ge - SR B TR 2%
FH L, SNSPD 7 i ' 75 3 1 FH 7 Tt R 3 T BH
MRS T E BB LIRS S5 5 B R AR R
P 5t R B [ B 2 R R 2 A A 12 U AT i T
[ BRATSE YRR . FE B 532 nm K1 3000 km L2
HOGIMEER 1064 nm 1% 1< /) 20 000 km T2 &) #E 24
V3 55 ) 290 [ R DR 0 (290 6

3 SNSPD WF& 5=\ 4,

SNSPD 1 it 45 14 6 A1 FH 7 7 32 21 T [ PN Sk
FEEH W, EAMY B LA A 5 E
R4 T A B (MIT), B R bR e 5 50K BF 58 BF
(NIST) W53 1 5256028 (IPL) ; H A B [ SR 3R 538 1
WFFEHLAE (NICT) ; 4 2 307 110 SRR U v K2 5 17 22 1Y
Delft 7 AR K 2% DL K 35 [ (1) Glasgow K245, [ Py Aiff
YN ALEE P E B2 B LIRS 5 BRI
It R R R EER NG R WE R K-
F, AR 5 KO S A A T [ PR — A T
B g P BB AN 43 I FH SR ) 3k 3 ] B 43 S K

K, T RAE PG I, 7E e 5t F , SNSPD
Ayl At B T AR R A RS, HRET2kE &
3 6 XL SNSPD g T 477 il iy /N R BFH A ]
43 45 Photon Spot (3¢ [#).Quantum Opus (3£ [H ).
Scontel (1% % ) . Single Quantum(fi >%) 1D Quantique
(Fii 1) DA R R R (R )

T [ Bk B P o [ o — — 2 T J'é SNSPD Rl
RIBER AT, B h EBFEH R R EHE K75
15 P At T 20 AxF SNSPD AR 4t , [ N A4 T
Y 54 %355 50% L) I FEIMEAS — 32002 T
P AMFE SNSPD 453 19 & Jre K V-4 3, 6 K0\ |l ) 7™
it VERE AR AL T[] — K o FEROR SRR J5 IRk 55
JE T W R R} Bt G o T HA [ PR [R) AT

4 SNSPD X RRE

SNSPD {54 T3 & BB, BEEFHEA G
ITRAMESY , M REW 1 ie it — L & 48 . R,
BE 2 P AR 9 HE ) SNSPD 3 A Bl 20 s £ 7% i
Tt N U A EilE— LYK BRI S
BARMEL BT RERE,

(1) SNSPD 9 HL35 45 A5 ik 23 i — 20 $2 7, bb
1 550 nm TAF I K BRI 5 A SRR T+ & 95% L I,
AR LG VR A 00 S 11 23 R B A i 2 B A, B
PR AR ARG T8k o R G [ B 3l S 48 bn A7 22
[ SZE0, Bl SNSPD 1.2 By B, = 4 i —
AR B AR S AT AR KA R R 23 6] 5 Ik Ak, —
BT RERR PF L SRR S B, L An e A 14 L h 2r 4h
Kl 6T H 5 B SNSPD 7% 1445 ; 45 L SNSPD A9 F
FiRFAEERG USRI B LR T,

(2) WOt {5 55 0 FH 75 5K 23717 3l SNSPD 471 4
R, KKAHELIET SNSPD 1 5 1% J&k
o FEMH A D S ZSIRA A TAETF R A
W EAE S BT RNES T, HXTIERS
PR - = R

(3) SNSPD i ift Fl Hi, 27 B 45 45 R 2345 B Pk
KB, ALHE Hb RN A (R /N DR AL B SFQ/E
SR ) R TR E R A A, X EE AR
R JEXTT SNSPD 1y 7™Mk Akl 28 SC F %L

2017~2018 4F v (SE[E | H A RiH DL R [

1202001-4


http://www.irla.cn

%12 4

oGk AR

www.irla.cn

% 47 %

BN ERRE SR A T 45 0 TR BF & S 3k
B S B A B D T E KL I
A AR YUK FE T 5 T [ 5 50 30 AT 500 L 3% 3
4Bk SNSPD $2 AR & Ry ok T 1 r & A 19 &
S TEHLIE . HIE SNSPD H AR IE 215 BIHE— 5 1) %
J AR S T IR TR AR D T e %
SERbST R TR IS T B A

SE WK
[1] Marsili F, Verma V B, Stern J A, et al. Detecting single

[2]

[3]

[4]

[5]

[6]

[7]

(8]

(o]

[10]

infrared photons with 93% system efficiency [J]. Nature
Photonics, 2013, 7(3): 210-214.

Zhang W, You L, Li H, et al. NbN superconducting
nanowire single photon detector with efficiency over 90%
at 1 550 nm wavelength operational at compact cryocooler
temperature  [J]. Mechanics &

Astronomy, 2017, 60(12): 120314.

Science China Physics,

Zhang W J, Yang X Y, Li H, et al. Fiber -coupled
superconducting nanowire single -photon detectors integrated
a bandpass fiber
Superconductor Science and Technology, 2018, 31(3): 035012.

Yang X Y, Li

with filter on the end -face [J].
H, Zhang W J, et al. Superconducting
nanowire single photon detector with on-chip bandpass filter
[J]. Optics Express, 2014, 22(13): 16267-16272.

Konstantin S, Yury V, Alexander D, et al. Dependence of
dark count rates in superconducting single photon detectors
on the filtering effect of standard single mode optical fibers
[J]. Applied Physics Express, 2015, 8(2): 022501.

Esmaeil Zadeh I, Los J W N, Gourgues R B M, et al.
Single -photon detectors combining high efficiency, high
detection rates, and ultra -high timing resolution [J]. APL
Photonics, 2017, 2(11): 111301.

Korzh B, Zhao Q, Frasca S, et al. Demonstrating sub-3 ps
temporal resolution in a superconducting nanowire single -
photon detector[J]. arXiv Preprint arXiv, 2018, 1804: 06839.
Inderbitzin K, Engel A, Schilling A, et al. An ultra -fast
superconducting Nb nanowire single -photon detector for soft
x-rays[J]. Applied Physics Letters, 2012, 101(16): 162601.

Marsili F, Bellei F, Najafi F, et al. Efficient single photon
detection from 500 nm to 5 wm wavelength[J]. Nano Letters,
2012, 12(9): 4799-4804.

Wang Y, Li H, You L, et al. Broadband near -infrared
nanowire detector  with

superconducting single -photon

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

1202001-5

efficiency over 50% [J].
Superconductivity, 2017, 27(4): 2200904.

IEEE Transactions on Applied

Chen L, Schwarzer D, Lau J A, et al. Ultra-sensitive mid-

infrared emission spectrometer with sub -ns temporal
resolution[J]. Optics Express, 2018, 26(12): 14859-14868.
Yin HL, Chen TY, YuZ W, et al. Measurement-device -
independent quantum key distribution over a 404 km optical
fiber[J]. Physical Review Letters, 2016, 117(19): 190501.
Tang Y L, Yin H L, Zhao Q, et al. Measurement-device -
independent quantum  key distribution over untrustful
metropolitan network [J]. Physical Review X, 2016, 6 (1):
011024.

Tang Y L, Yin H L, Chen S J, et al. Measurement-device -
independent quantum key distribution over 200 km [J].
Physical Review Letters, 2014, 113(19): 190501.

Abellan C, Acin A, Alarcon A, et al. Challenging local
realism with human choices [J]. Nature, 2018, 557 (7704):
212-216.

Sun Q C, Mao Y L, Chen S J, et al. Quantum teleportation
with independent sources and prior entanglement distribution
over a network[J]. Nat Photon, 2016, 10(10): 671-675.

Liu Y, Yuan X, Li M H, et al. High -speed device -
independent quantum random number generation without a
detection loophole [J]. Physical Review Letters, 2018, 120
(1): 010503.

Guan J Y, Xu F, Yin H L, et al. Observation of quantum
fingerprinting beating the classical limit [J]. Physical Review
Letters, 2016, 116(24): 240502.

Wang H, Li W, Jiang X, et al. Toward scalable boson
sampling with photon loss[J]. Physical Review Letters, 2018,
120(23): 230502.

He Y, Ding X, Su Z E, et al. Time -bin -encoded boson
sampling with a single -photon device [J]. Physical Review
Letters, 2017, 118(19): 190501.

Cornwell D M. NASA'’s optical communications program for
2015 and beyond[C]//SPIE, 2015, 9354: 93540E.

Grein M E, Kerman A J, Dauler E A, et al. An optical
receiver for the Lunar Laser Communication Demonstration
based on photon -counting superconducting nanowires [C]//
SPIE, 2015, 9492: 949208.

Li H, Chen S, You L, et al. Superconducting nanowire
single photon detector at 532 nm and demonstration in
satellite laser ranging[J]. Optics Express, 2016, 24(4): 3535-

3542.


http://www.irla.cn

% 12 # www.irla.cn

oGk AR

% 47 %

[24] Xue L, Li Z, Zhang L, et al. Satellite laser ranging using

[25]

superconducting nanowire single-photon detectors at 1 064 nm
wavelength[J]. Optics Letters, 2016, 41(16): 3848-3851.

Zhu J, Chen Y, Zhang L, et al. Demonstration of measuring

[26] Shangguan M, Xia H, Wang C, et al. Dual -frequency

Doppler lidar for wind detection with a superconducting
nanowire single -photon detector[J]. Optics Letters, 2017, 42
(18): 3541-3544.

sea fog with an SNSPD -based lidar system [J]. Scientific [271 Mt [A) #l . SNSPD & 4t [EB/OL]. [2018-10-21]. http://

Reports, 2017, 7(1): 15113.

1202001-6

www.sconphoton.com/.



http://www.irla.cn
http://www.sconphoton.com/

