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a n-photon coincidence count rate: R ~mn"

Current Si SPD : ¥R #5342~ 20% @940 nm, FRAFE~50%:
100 T (BiE=10MHz) HIFF&1HER1A%] 0.001 Hz,

If we could improve n to 60%,
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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SNSPD (NbN) >100 M > 80 <1 <20 ~22K
STJ (Al) 5 K 60 N/A N/A <1K
TES (W) 100 K 95 ~0 100 ns 0.1K
InGaAs APD 100 M 20 16K 55 200 K
IR PMT 10 M 2 200 K 300 =i\
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SNSPD Applications

* Photon counting optical telecommunications at 1550nm
E. A. Dauler, et al Proc. SPIE 6372, 637212 (2006)

* Interplanetary optical communications
B. S. Robinson et al., Optics Letters 31, 444-446 (2006)

* Quantum key distribution
H. Takesue, et al, Nature Photonics 1, 343-348 (2007)

» Single-photon source validation
R. H. Hadfield, Opt. Express 13, 10846 (2005)

Noninvasive testing of LSI circuit design failure
J. Zhang et al , Electronics Letters 39, 1086-1088 (2003)

Laser radar (or LIDAR) remote sensing: ranging and imaging
M. J. Stevens, Appl. Phys. Lett. 89, 031109 (2006)

m/Z ( kDa)

Fault location inspection of optical fiber B

M. Fujiwara et al, Opt. Exp., 18, 22199 (2010)

z
2 6000 |-
8

§ 4000

Molecules detectors for time-of-flight mass spectrometry
N. Zen, et al. Appl. Phys. Letts. (2009) :

TOF (ps)

Fundamental experiments in quantum optics
M. Halder, et al, Nature Physics 3, 692-695 (2007)
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Design & Process

Detection Mechanism
High Performance

Ultra thin film growth Quantum Information

Growth meacnism \ \ Single photon Imaging
New materials LIDAR

Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences



G YOS BRERE S BBAH IR CASC g “uperconducting lectronics ( ) 15
MIT

H =

B S FEESRNFIHRMUSPD
B ESNRLRIFEHN (SNSPD ) [RIE

B SNSPD4FIEHF
v RS (MIELLSMEIRTR )
v {REEITESNSPD

v {EEIEISNSPD
v SNSPDR{GIR}E

m SNSPDH
v EFEEMNA
v HEeMNH

H E R B E iR G S 1E BRI and Information Technology, Chinese Academy of Sciences




G YOS BRERE S ERAHHF enter for “xcelle ce in “uperconducting lectronics ( ) 16
MIT

WA SEIR SRR ER?

System detection efficiency =

Coupling efficiency X Absorption X Intrinsic detection efficiency
\A\Nw w

1A AR 915*15 um? 7 nmJENbNXJ1550 nm>t IDE >80%

AR >95% TR ~30%

Challenges: NEJFHFHAT]— T
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Condenser Lenses
Optical Fiber LowNA High NA Z(Lb

A RX B %% 5

*
15pm* 15um /15pm* 15um

s
K\\\\\\%ﬁﬁﬁ

HHERZY 98 pm
15 ym

(a) WENLAIREE; (b)) BELLIRE
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Structure Development

wlv'l' ‘l' ‘L ‘knﬁ\*\_ SiO ~ 220 nm 5 nm NbN
Il I B . .
Tmgodoum x| [T THE 1
TMmerrret
w/o cavity Single Cavity

2012.09 10
v
Since 2012.08

SDE > 5%
|

1 SDE >17%

2012.12 2013.01

Au~ 100 nm
Si10 ~ 220 nm

6.5 nmm NbN

2XEERR

6.5 nm NbN

Double Cavity SDE ~ 80% Di-electric Mirror
SDE >35% SDE > 50% SDE > 70%[ 1 SDE NTSO%
07 11 2014.04 06 2014.11 2015.06

) 18

The key is to improve the photon absorption of the superconducting nanowire
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Improvement on absorption

AAAASE

= MgO ~ 400 um =
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Simulation of absorption for different structures
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Fabrication Process

: Define .
Electrode Nanowire . Optical
Active .
and mark pattern cavity
area

EHT='300k¢ WD
Signal A = SE2 Mag

200 nm EHT = 3.00 kV WD = 25mm Date :2
Signal A = InLens.  Mag = 15024 KX ' Time -1

Cross section view
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SNSPD System Performance
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High DE SNSPD @1550 nm
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Au~ 100 nm
$10~220 1M ¢ 5y NBN
. 12X XX’
'L'L ‘L ¢ \L ¢ Jf $i10~220 nm S nm NbN 6.5 nm NbN
N N O . .
R LIS
TMgo-dopm | [THECTER T
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w/o cavity Single Cavity Double Cavity Di-electric Mirror
NIR © © ©
VIS © ©
Absorption © © ©
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SNSPD at 1064nm

Why 1064nm? 601 6))
1. Potential applications for quantum optics, ] ar
satellite laser ranging, ghost imaging and so on. o\\°’ 401 _ o
2. Semiconductor APDs have a limited DE < 30%. g 1 ..°
201 __ . _DCR=1_° __
Design of SNSPD @ ki o]l « ¢ e

1. 13 bilayers with reflectivity>99%. 10
2. SMF e28/MMF(¢=50pm) coupled. ls(FA)
3.  Width/pitch=100/220 (nm)
4. Sensitive area with ¢=24 um SDE & DCR vs IbSDE=60% @ DCR < 1Hz
1.0- ®) ] 0.301
0.8: : kverage.. 0.20 <
§ . % i
0.6] A | 1. Average abs~ 70%. > 0.101
] 4 2. Abs~1is possible ‘
' 1 with PM photons 00038 . y . .
0.2 i 0 50 100 150 200
00—y — t(ns)
800 900 1000 1100 1200 1300 1400
Wavelength (nm) Response waveform
TR L VE R TR B

o BB R S 5 1E BEORH 5T e of Microsystem and Information Technology, Chinese Academy of Sciences
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SNSPD for 940 nm

90 r

Why 940 nm? ol g 1

T T T
60F| + 125-115-0.52 1 = w/o fiber attached at 2.3 K

» Best available QD at this wavelength & ol i | W s
g% 1 10 ‘ !

* Important platform for quantum o @ |ggf P90 | :
. . 0 t t + ' ) |
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g o SDE and DCR vs Bias current

93 40 :

Q?.E L

m

20}
0 9(I)0 10'00 1 1.00 1200 g
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2
.o U—]
Detector “ Dead Time 2
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(a) t (ns) 1 -
0.01 aaiasal PR PP PN | PR PR P | P T W 1
SNSPD 80% 12 ns C oth ¢ 10 100
ountRate . wuy
Ten-fold count rate will be improved by 10 4> AIP Adv 5(6): 067129. (2015), IEEE J Photon 8(2): 1 (2016)
L3R P25 Bl A it B BH B0
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SNSPD for 850 nm
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OE 23(13): 17301 (2015) Key perforamance
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SNSPD at 532nm

15 80 10°
e ki 10o]® g 701 O e {10*
5 g 60; ; .
~ g 50' : ] E
g0 E 40— o 1102‘5
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é’ =t Reflectivity & 0.0 < O
0 1
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- 0,
1. HR based. 3. W/p=140/280 (nm) SDE=75%@DCR<1

2. MMF(¢=50pm) 4. =42 pm

Optics Express 24(4): 3535 (2016)
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Origin of dark counts of SNSPD

DE & DCR vs Bias Current

Origin of Dark Count Rate
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Intrinsic Dark count

|
80 nm 90 nm 100 nm 120 nm

: |
j
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I 1
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0107
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150 17.5 20.0 225 2501275 30.0

I
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I
I
]

_H————-‘

r_________________

Origin of DC ( VAP, Hopping,
guantum tunneling ....) is unclear

DCR is contributed by the single smallest constriction.
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On-chip Bandpass Filter

band-pass filter N _i
= design
_. 804 Si substrate
e
8 60
Substrate - 400 um £
E 40
2
£ 20/
. 253 nm -
0 =
Filter 137-308 nm 400 800 4200 1600 . 2000
32 layers - : _ ~ ~wavelength (nm) \\
- - A
6.02 um 54-432 nm 10615
—\
- _. 80 ,
X = band-pass filter
Tg’ 60 — design
Pass-band transmittance § — Sf substrafe
€ 404
Substrate only >1000nm 88.7% @
©
_ ~ 20-
Calculation 1545-1555nm  94%
0
Experiment 1542nm 88% 1480 1500 1520 1540 1560 1580 1600

B R B B IRAR SL S BERBT TR

wavelength (nm)
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SNSPD with bandpass filter

D i 200 nm
70— =—#E4-wl filter
6 0-'_ o —#F4-wlo filter Mo
Substrate = 400um T 0w, 2 F " ' "
B ] aﬁ g|
w 40-
= ¢
253nm £ 307 i
® 20- s
o s
Filter 137-308 nm ~ 10-
32 layers -~ : 0
6.02 um 24-432NM 450 1500 1520 1540 1560 1580
Wavelength (nm)

SDE vs Wavelength

System DE shows an evident wavelength dependence consistent to the property
of bandpass filter

The central wavelength is shifted to lower value (1545 nm to 1532 nm)

o SR IR 55 1 AT

Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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Temperature dependence of filter
-50 .
L. 1 0] =230 | Calculation results
— 10K ' ‘ ‘
_ 5] I 031
% 180K
S 260K S 0.6-
T _60] 300K =
= % 0.4
g 5
- -
§ -65 - 0.2
0.0-
_70 RO : " o, = S T T T T T T T
1460 1480 1500 1520 1540 1560 1580 1600 1460 1480 1500 1520 1540 1560 1580 1600
Wavelength (nm) Wavelength (nm)
Experimental results 1550 —Ir e
1545
£
21540 A
e Central wavelength moves from : 1549 nm 2 s -
(300K) to 1527 nm (2K), which can be explained §1530 /___//.ﬂ/.f/
by the changes of refractive index of Si T
40 80 120 160 200 240 280
Temperature (K)
Si data from Bradley J. Frey Proc. SPIE 6273, Optomechanical Si02 data from C.Z. Tan et.al. Journal of Physics and Chemistry
Technologies for Astronomy, 62732J (July 06, 2006) of Solids 61 (2000) 1315-1320
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Low-DCR SNSPD

#E4-wl/ filter
1 o #F4-wlo filter

—
Q
S—
o
o

#E4-w/ filter

N A O
. 5.9

e

]l ¢ DE  #F4-wiofilter

System DE (%)
3

|

404 ';: I

i |
20- =

1k
0- el Neo |
= - v v v v 'mﬁtﬂmmm
0.5 0.6 0.7 0.8 0.9 - . -

Normalized bias current Dark count rate (/s)

“m—mm

16.8 52.4 56.2 61.2 64.2
#F4 0.7 2.6 6.0 36.4 50.2
#HEA4 3.7x10719 2.0x10%%  3.0x101° 8.8x101°  2.6x1018
#F4 6.7x10718 4.4x1018  2.8x101®  1.6x1018  3.6x1018
NEP = hv-+/2DCR / DE X. Yang et al Opt. Express 22, 16267-16272 (2014)
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m SNSPDH
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What is jitter

Timing Jitter: the timing deviation from an ideal

periodic single—photon—-response voltage pulse

P IR AT
\ / O Laserranging

O SPimaging

/ ‘_'_,— | O High speed communication

‘,uuuulm.»m.”mwwwumumumhﬁ

v E B R RS 515 BEORE ST ation Technology, Chinese Academy of Sciences
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TCSPC system for jitter measurement

Typical values
(ps)

pulse laser = 1550nm

Japp > 50 ps
SYNC out
I'I I'I Jsnsep ~30
TCSPC
> Start  Stop Jirs 20~30
Jsync <10

Jtotal T

o BB iR S5 1E B R 5 Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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Jitter analysis of parts

Jitter compositions popular components m Optimized components m

Hamamatsu C10196 Calmar FPL-O1CAF

Joync 16.2 4.0

PicoQuant PicoHarp 300 26.1 bh SPC-130 7.6

LNA Phillips-6954 39.6 LNA-650 25.4

X 84.7 X 26.8

1.0} — SPC-130 i
— PicoHarp 300 FWHM
9N ost ,2
= =
2 o
Q o6} o
et S
8 .................................................... ﬁ
N 04} =
© £
€ 02l o
o Z
Z
0.0
o 0.0 - - -
50 40 30 20 -10 0 10 20 30 40 50 150 100 -50 0 S0 100 150
Time (ps) t(ps)

o BB R S 5 1E BEORH 5T Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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Jitter analysis of SNSPD

What determines the jitter of SNSPD?
. I I . I -Ic (UA) IWidth/-Space |
80 1. nm/nm
N —m—#1| 187  80/80 |-
\ —m—#5 | 284  100/60
-\\ —m—#2 | 272 100/100
—_ —m—#3 | 188  100/60 |
8 60 - ii\ % E2| 306  110/90
e w —%—C1| 206  110/90
Q *\-\ —h—A2 | 336  110/90 |
£ ot
= ¥
r | 40 N .l'\*;:.\
. >3 -
ize: 15 um 15 um ****
Temp: 2.2 K * %k |
20 Y T ’ I . !
16 24 32

| (nA)

Jitter vs |

o BB R S 5 1E BEORH 5T titute of Microsystem and Information Technology, Chinese Academy of Sciences
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Jitter analysis of SNSPD

42- ——218K| -
40 - —— 258K
- —a— 2 98 K
38 - ——3.38 K
/(D\ 364 ——40 K
\Q_/ i
= 39!
30-
28
20 22 24 26 28 30 32 34

Ib(LA)

Jitter vs |, at different temperature

o BB R S 5 1E BEORH 5T e of Microsystem and Information Technology, Chinese Academy of Sciences
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Jitter analysis of SNSPD

T T T T
0.4 - . Bias-Tee
Voc |Ibe50 e Gain RO o, Seurey B NRRDR
H E Att SNSPD '
J H .
03 : : 2.2K Cryocooler C
pulse laser | 1550nm [I o
S 5 IS
9 02 : e}
S 0.2 ; SYNC out '
2 . '
= . Q
= ; v AMP ;
< 0.1 " " -
TCSPC DC
: Start Stop Voltage
0.0 J
SNR
40 45 50 55
! ' 45 b T b L) b L) b L)
-1.00E-008 0.00E+000 1.00E-008 2.00E-008 3dB variable attenuation @ 1b=29.7uA
t(s) —e— variable bias current w/o attentuation
120.1uA 2.5dB h
40 -
m
2
-
‘ ; o
ST A E 7
354
v"ﬂ“ f
4.973mV
30 T T L] T
12 11 10 9 8

On/k (ps)
You, L et al AIP Advances 3: 072135, 2013 Jitter vs Gn/k and SNR

o H B BT R S5 1E BEORE T 1 Information Technology, Chinese Academy of Sciences
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Jitter analysis of SNSPD

T T T T T T 1 [F-Jeor2rzzsAtzL
104 °© Measuredresiuts ] 18-44
= Gaussian fitted -
ﬂ 0.8 - | | | | | | ‘ ‘ 18.2 /\
5 o\ "
8 0.6 - ,:5 18.0 1 [ l/ I—l\
3 - \
N 0.4 17.8 4 i
E d
g 0.2+ 17.6 -
0.0 & 62 64 66 & 70 72
— Ib(uA)
-50 40 -30 -20 10 0 10 20 30 40 50
t (ps)
Jitter of SNSPD with high SNR J _ J 2 n
SNSPD Intrinsic

=l WRHR | wFHRG/pA | WERFRE (@100DCR) /pA B EE/nm

Al 1% 32.0 27.5 4
201229-A1-ZL 0.8% 73.0 70.0 7

o BB R S 5 1E BEORH 5T hanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences




@ YROBEHRER S G PHRAHHF < CASC perconducting lectronics ( ) 43
MIT

H =

B S FEESRNFIHRMUSPD
B ESNRLRIFEHN (SNSPD ) [RIE

B SNSPD4F %R

BREER ( MELTSPRIRT IS )
{REEITEISNSPD
{EFIzISNSPD
SNSPDRAL R

m SNSPDH
v EFEEMNA
v HEeMNH

H E R B E iR G S 1E BRI and Information Technology, Chinese Academy of Sciences

v
v
v
v




" YR HERER S PRA I CAS C E uperconducting lectronics ( ) 44
RY /4

Polarization and applications

Light parameters:

O Frequency/Wavelength
O Intensity

0 Phase

0 Polarization

Applications:
O Sunglass
O LCD
O 3D video

O Remote sensing

O

O

Polarization of electromagnetic waves

;
nrad

Linear Circular Elliptical

Biological imaging
Quantum Info ( QKD )

v E B R RS 515 BEORE ST ormation Technology, Chinese Academy of Sciences
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SNSPD tRAGI5TE

{a) m T . T T " T T ¥ T
.
85 He et .'.---.'_ n Max
— nl i
L 80 . et Min
“LE' 75 L ] \:-.\\
o 7 .
D el \.
W | L]
Dorenbos S N, et al. Applied Physics Letters, 2008, 93: 161102 Verma V B et al, Applied Physics Letters, 2012, 101: 251114

24

Play with the geometric paramters: linewidth, pitch ......

o BB R S 5 1E BEORH 5T Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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The factors we may play:
v width

v pitch

v’ thickness of NbN

v cavity

 Software: Comsol
* Method: FEM with periodic

boundary condition

* NbN SNSPD on SiO,/Si substrate
 Backside illumination

* Linewidth/pitch: 50/100 hm

o BB R S 5 1E BEORH 5T osystem and Information Technology, Chinese Academy of Sciences
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=ERLEU SNSPD

40 b v v ' ’ ' v ' v ' v ' ¢ J v '
I (b) P
3 *’*,*’
30} 60} o -
. &
- / —&—W=25 nm
520 o 40k * —=-w=50 nm )
| ., | W / —e-w=100 nm
g ok O\Q e \¥v=25 nm // - '
= > 5*‘*~*~* i _p-m-m-E-E
oo 207
ok *ﬁ-ﬁ.ﬁ:ﬁ:ﬁ,ZQZQ:Q:Q:Q:Q:Q:Q:Q " ol '_._._._._.-o-o-o-o-o-o |
0 100 200 300 400 0 100 200 300 400
Pitch (nm) Pitch (nm)
ABS & PER vs pitch
* Higher filling ratio = higher absorptance, but ......

* Trade-off between DE and PER
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=ERtEU% SNSPD

40 0 e |b=6.6pA
12|
10
{30 8|
6
4
(14
120w T 2 i
o o 0
L 3
o 2
Al
4110 6
0.2} . : 8
—O— perpendicular '
—»— PER of the test. 10
0.0 A A A 0

-
N

45 50 55 60 65 70 7.5
Ib(uA) 180

Linewidth/Pitch: 50 nm/250 nm SDE, ..=12% with PER >21

o BB R S 5 1E BEORH 5T psystem and Information Technology, Chinese Academy of Sciences
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(a)' ) ) i V2= 17.2 nm ) ) (b)

c
30} ' » H | ‘

~ 100 nm

é w=40 nm t=7 gm

g 20 ; l\'i\i\‘ ‘ ’ ‘

(7))

w=50 nm t=7 nm

10} —— ABS //
ABS X 0.64
e SDE// e measured PER
100 150 200 250 100 150 200 250
Pitch (nm) Pitch (nm)
SDE & ABS vs pitch PER vs pitch

Scientific Reports 5: 9616. (2015)

osystem and Information Technology, Chinese Academy of Sciences
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WJGZ:ESUE’%SNSPD

Unlt cell (b) 100 : : :
- L-91.2%
Au | } 100 nm < 9 At/
: i 5 8 72.5%
Si0 210 nm £ 70 :
: 8 As 53.8%
5 60 ¥
253 nm é 50 .
40 ML
400 pm 30

30 40 50 60 70 80
Filling factor (%)

20

I
NN

RRRRAA
-

A B ST Z5 K T

H E BB RIBTAR R 516 BEAT AT Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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IRACABUZKSNSPD

SDE (%)

I (pA)

A B AR S S 1E B BRI T

80
e gpiral
= meander I
70}
—~~ '....I '...'-..-l '..
T S 60 o ;
ey " - - . )
x i =
O 0 50 ] - ) g
D . ..I B .I
40 B .. l. .. l.
Tt L
30 1 1 1 1 1
0 60 120 180 240 300 360

Polarization angle (degree)

R G Ata

7 PR e 2k 25 M) 2 AF ] LS T R AN RBUR 4
4%, FHMRCFEKT50%.

e of Microsystem and Information Technology, Chinese Academy of Sciences
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= — v oA
B 28BEFEFSNBEFETFEE

: —— 15-164:
, o g || 200 PEAEEREME
i o - N #aMDI-QKDRI4E
13-144F | i |
200 km MDI-QKD | | yj=—2 |
20144FE | 0) - |
“REHAREEHE | il |
O)
13¢£108 ,

ABELEERAYE~50%
PRIRETFILEMSIEMIitQCSEIE

B2 EIHFRQKDRILEEE
DE (4% , NICT)
126658 , BB - 73% - &7

Collaborated with JW Pan’s Group in USTC

i Z=PI100km QKD3EES Y. L. Tang et al. PRL 113(19): 190501. (2014)
. DE (4%, NICT) Y. L. Tang et al. IEEE STQE 21(3): 1 (2015)
L 115882, 8B Y. L. Tang et al. PRX 6, 011024 (2016).

o B P B R g5 BRSO psystem and Information Technology, Chinese Academy of Sciences
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Fingerprinting model
(simultaneous message passing)

“X — Y” OR “X i Y 13

Message Y

Message X

« One way communication only
« No access to shared randomness

Given two n-bit strings, what is the minimum amount of
information that must be transmitted to the referee?

A. C.-C. Yao, in Proceedings of the 11th Annual ACM Symposium on Theory of Computing, pp. 209-213, 1979.

o BB R S 5 1E BEORH 5T ghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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Why quantum fingerprinting?

Proven classical bound*:

O(+/n) - bits

Proven quantum bound**:
O(log, n) - qubits
An exponential gap between classical and quantum!

But, it requires log,(n) highly entangled qubits ...

* A. Ambainis, Algorithmica 16, 298 (1996).
** H, Buhrman, R. Cleve, J. Watrous, R. Wolf , Phys. Rev. Lett., 87, 167902 (2001).

H E R B E iR G S 1E BRI 2m and Information Technology, Chinese Academy of Sciences
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Transmitted Information

SNSPD: DE of ~45% @DCR of 0.1 Hz

Raw message length

* 2 orders of magnitude lower than best classical protocol

e Beat the classical limit by 84% (19%) at 0 (20) km

PRL 116(24): 240502. (2016)
o BB R S 5 1E BEORH 5T i Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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2014 , DENAFKFRLG
(&2 : 200*220 , £ : 3mm, ﬂtr|‘Eﬂ : 50 ms/pixel

P %

2013 , RLIGHEEIRA
&2 : 80*120 , £+ : 3mm, B8 : 5 h

F || 2013, theeseEan( ~ 18ps)
- T || TOFJUEE SR T3Imm , AERRITER

appliedoptics

2012£Ef% , EXFIFISNSPDECIR 6 F it pii%:
&2 : 29*35 , &4 1cm, BFE] 8 h

2012%F , (RICEFEIDN( ~ 27 ps ) , SEIMTOFEE
EEET - 115K , &< : 1550 nm, BELF4mm

o [ B B iR S 5 1E BERH 5T psystem and Information Technology, Chinese Academy of Sciences
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saksle
L ) 2

++ JWE - - - - - | System Jitter: 27 ps;

© o e «++«++ | Distance: 115 m

g « « « .« |fspulsed Laser:

. bz . . (RSN
repetition: 20 MHz ;
enerey: 0.1 n]/pulse

syNe | 1550nm | T :_‘_‘_‘_‘_‘BN:I Variable separations 8y J / P
fs laser i ) Lo
Reflective | 1 e— ]
Collimator ; : 4
_____ S ———— | | M3 M M1, M2: Protected gold mirrors
E ____________ 1\ - €« 7T M3, M4: Gold-plated mirrors
e Mz\l OBPF: Optical band-pass filter
————— I el ik H H
I 'v|— MMF: I_Vlultlmodefl.ber
Telescope OBPF = Retro-reflectors SMF: Single mode fiber
- f 2.2K Cryocooler SPC-130: TCSPC card
Y 1 Bias-Tee
SPC-130 MMF 'f o SMF e qg—3--4 OC
M 10 Voltage
P KQ
start stop < J
AMP
TOF system

o BB R S 5 1E BEORH 5T of Microsystem and Information Technology, Chinese Academy of Sciences
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MEESEIGESSR

1.0 e Measured results
& 5aussianfitted .
5 08 foA System Jitter: 27 ps @ QE=3%
S o6 ‘ Depth resolution: 3.5mm @1550 nm
§ A A Distance: 115 m
T 04 § 27 ps A .
£ FWHM \
3 0.2 %
4 -

\ R,=]-c/2
0.(350 -40 -30 -20 10 0 10 20 30 40 50
t (ps)

1.0 10 mm 3.5 mm 3 mm
w | @ ’ A (d)
- \
g 0.8} ! 1y
° 1 ! Experiment results
_: 0.6} i ) | — Fitted curve for M3
.dﬂ: =" 27 ps FWHM \ = Fitted curve for M4
= 0.4} 1

\

£ ! \
5 0.2} |
z \ \

0.0 115 1.20 1.25 1.25 115 1.20 1.25

R B I R S8 S 15 B BORBT U

Vicrosystem and Information Technology, Chinese Academy of Sciences
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MEESEIGESSR

Experiment results 2.5 mm

10 mm 4mm 3 mm = Fitted curve for M3
1.0 == Fitted curve for M4
‘E | (a) l:‘l :“‘ (b) '. | '."‘ (C) o ,' “ (d) ;""
[ \ 1 ] 1 1 [
= 0.8; i 2 (y 1 IEn: i
8 [ | I ] \ ] ! \
. Iy I 1 o | 1
< 0.6 B ‘ i e &
@ = ke 21psrwim I g1 Pl i o “
Noa | - L] ;8 A b ‘
g o " ; ] l‘ : ! " ‘\ ‘\ ,’ 4 ‘| “
o 0.2 " “ ] \ l' il “ i : | | A V] : | | .
o L ) : “ L : “ ‘¢ " 0. “ “ : .: “ "o
z 00 ‘\{ "'. ‘; . kS ' l-': n‘_’ K v "'-‘lﬂn. .‘!:_ -g“’ 121 'O,u........ 0"\’ 125 ’hﬂ.u._
105 110 1.15 1.04 1.08 1.12 105 1.08 1.11 1.05 1.08 1.11

System Jitter: 18 ps, QE=1% with Ic ~ 70 uA
Depth resolution: 3 mm @1550 nm R,=]-c/2
Distance: 115 m

o BB R S 5 1E BEORH 5T e of Microsystem and Information Technology, Chinese Academy of Sciences
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SNSPD at 532nm aiming to SLR

- Tl B = SRS -
< Telescope mount position - 60 - g ‘ Target LARES (~3000 km)

Laiﬁg- To sl 40] < RIVIS”8mm

20 1

R

0 -

Cryocooler -20 - ’ ‘
R 7

i | Returned photons

Ipps B0 TEAT AL R sl S C g H
10MHz . e of o g7t E T

e A e BT T
D T

L

-80 - T - . T - .
4 [DCVoltage 0 200 400 600 800

Time (s)

SLR measurement setup SLR results of LARES

20154F: SZI532nm TAEM K, 3000 H T A LARESHIMIEE, ¥ iA8mm;
20164 SEILIT2 77 A B HIHEZ WiGlonass DA, F5EZ)2cm

Spotlight on Optics

Highlighted Articles from OSA Journals

Opt. Express 24, 3535 (2016)

April 2016

o BB R S 5 1E BEORH 5T Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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System Jitter: 30 ps; Imaging distance: 2.5 m
Rpc: 200-500 Hz (Daytime)

SYNC 1550nm N A
fs laser
Reflective
Collimator

T, e, e, e — -

v
|
|
1L

R gy

Object

_——— e = ————

Ja4J2AUI ” ”

|

|

|

|

|

|

A

]

]

]

A

}

}

}

}

}
g
\ }

\ }
= }
[}
[}
]
[}

7%
NS -

Telescope OBPF mmmm l
-, f 2.2K Cryocooler

. I I Bias-Tee
SPC-130 MMF | SMF . P Y-
” ” \| \I - I | Voltage
P 10 KN
start stop < J

System schematics

o BB R S 5 1E BEORH 5T e of Microsystem and Information Technology, Chinese Academy of Sciences



f FOMEHRELEF PHAHF < o\ eenter for -xcelle ce in uperconducting lectronics (
\'"Simar

Laser Depth Imaging using SNSPD system

Resolution: 29(Y)x35 (Z)=1015; Step=1cm

I( 35cm
>

applied optics

L L L i

40 cm

(a) cast Cover Image of AO 52(14) 2013

o BB R S 5 1E BEORH 5T anghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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Laser Depth Imaging using SNSPD system

Resolution: 85 (Y) x 120 (£2)=10K;
Step=3 mm
Time: ~5 hours

Image Scanner

Imaging improvement by adopting a scanner

o BB R S 5 1E BEORH 5T Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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hd L] b T v T M T T
1.04 < 2.04 (a) 1 2.0 (b)
/ Target Return

£
g 1.54 1 1.54
o FWHM = 44 ps £ 1L |
§ 0.5- - - 1 § 1.0 Noise, § 1.0 |
.l_é (] Target Sign;( (& ] |
5 0.5 ] o5 |
- |

0.0 0.0 0.04

0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Time (ps) Time (ps)

v T v T v
1700 1800 1900 2000 2100
Time (ps)

KEIETIH RIS A ADEIHUIRO (HRER=/ARTIM)

44-ps TJ) SNSPD with sub-ps time-bin enables few photon imaging w/o fitting and algorithm

o BB R S 5 1E BEORH 5T of Microsystem and Information Technology, Chinese Academy of Sciences
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B/ ARERT S RIR

Laser Diode

g -— N

— *
Telescope 3.5
g ) : 3
\ o 25
N M2
SYNC .
Y - 2
Filter * N\ X
Lens * oopmmmme ' 2 1.5
q ’j MMF SMF : e :
TCSPC ” ! = RN 0.5
Stop [
St Bias-Tec & AMP
g 20 220~
200 : 200~ (d)
T T T + . -
1.04 L 2 % 160~
2.0 (a) J :
/ Target Return
7]
£ 120+
g 1.5 1 >
o FWHM = 44 ps & @ %
° . q
8 0.51 g 1.0 Noise | g
T 3 S
£ o Target Signal o 40+
S 0.5 !
4
0.0+ 0.0 T T T T T 200
1700 1800 1900 2000 210¢ 0 500 1000 1500 2000 2500 3000 , m 30 120 160 z(cm) 10 0 40 80 120
Time (ps) Time (ps) X X

44-ps TJ SNSPD with sub-ps time-bin enables few photon imaging w/o fitting and algorithm

Zhou H et al, Optics Express 23(11): 14603 (2015)

o BB R S 5 1E BEORH 5T ghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
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EIFSNSPDRIEFFBMNE L %SRS

Clock
Data 2i 2i-1 e 6 5 Vi BT i
>t
Signal A\ fA e e
Data O/ o0 @ @ [ /@ @ [}
St 1.2
= A — SPD
n,; =0 n.=1 ;=1 n,=o
n,=1 it ng=1 n,=o n,=1 1.0 two-channel
2 three-channel
Random @ @ G @ 1 four-channel
0.84 — —PNRD
Number o None 5 = -

Random number generation efficiency
o
(e}
1

X T-SPDJQRNG  H. Guo. OL 34 1876 (2009) -
2 2i-1 4 3 2 ’ - 04'
ol Il R 0]
 Loser TN e Se SN Se . e
i I { 0.0
:: Random I_|_I l T I l T l () i‘ O 2 4 6 8 10
g —— ! n

. , \ ; s
" pulses /09, /080
'

O R & & & o BENUEDE AR RR I AR SRR R R

numbers 10 s es /01 1w time 1:
I

T} 2% XQRNG  H. Zeng. PRA 83(2). 023820(2011)
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1 -: L] T , T T L] L] L] 6 T ° 6 T T
Current | g =] ° [ ® o 3 o @ o
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Collaborated with W Zhang in Tsinghua Univ.
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Energy-time entanglement using low jitter SNSPD

*  Optics Express 22 000359 (2014) * SciRep 5:9195. (2015)
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Conclusion

0 SNSPD with outstanding performance

v" High SDE from VIS to NIR
v Low DCR

v Low jitter ......

[0 Niche market available for SNSPD

(o

FROM VISION TO TECHNOLOGY

Other Companies:

» SconTel (Russia),

» Single Quantum (Netherlands)

SUPERCONDUCTING NANOWIRE SINGLE-PHOTON DETECTOR

» Quantum Opus (USA)
ID280 SUPERCONDUCTING NANOWIRE WITH 50%
QUANTUM EFFICIENCY AND FASTEST ELECTRONICS > Photon Spot (USA)
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