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About a photon

Photon Energy ~ — % h = 6.626 x 10 *joule's
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Short e c=2.998 x 108 m/s

wave cateporized as either short,
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~ 1.3x16°J
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There are ~ 107° photons per sec fora 10 Watts lamp.
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PMT APD

Avalanche Photodiode
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http://upload.wikimedia.org/wikipedia/commons/5/52/Photomultipliertube.svg

More in History
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Goltsman et al, Appl Phys Let001, 79705

Book written byHonglinDing in1993

Ref.1:LiengmeO. Superconduct Particle Detectors, Ed by Barone, World Sci PL&8
Ref.2: D. H. Andrews et al, Phys. Rev. 76, 154 (1949) info MasaktaOhkubo @AIST
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We may learn more from history (
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Detection Mechanism

i i } Goltsman et al, Appl Phys Lett, 2001, 705
Cooper pair breaking by single photon PREFIY
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SPD performances @ 1550 nm

SDE DCR CR TJ Temp
SPD " ~ - ~ y. ~ A ~ ~ e
% cps Hz pS K
SSPD (NbN) ~ 98 O 1 O 1 6 O 10 ~2.1K
STJ (Al 60 N/A 5K N/A < 1K
TES (W) 95 ~0 100 K 100 ns 0.1K
InGaAs APD 20 16K 100 M 55 200 K
IR PMT 2 200 K 10 M 300 Room Temp
SSPD 1350 x 400 x 450mm
APD APDmodule 15y 1o a0 m Power 1.3 KW

Pride/Sumitomo
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SSPD System

1. SSPDs

2.1 Cryostat

2.2 MechanPump
2.3Compresser
2.4 Cryostat insidg
3. Electronics

N —

E .5 =
N
I
SSPD systems (1.2 m high Rack) SSP[zhip & cryostat
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SDE & Optics

SDE = Opt Coupling 3  Absorption e IDE 0.99x0.99x0.99=0.97
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Active area: 1515 un? 7 nmNbNfor 1550 nm IDE ~100%
OC > 95% Abs: ~30%
V Active Area V Thickness V Thickness T¢
V Spot Size V Linewidth V linewidth
V pitch V Uniformity
V Opt Structure V Current crowding

Challenges in Design o Entangled factors t
Challenges in Fabrication:
5 orders of Mag in 3  -D, ultra uniform  ~5nm thick € to wo | © 1: 20: 200,000
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Improvement on absorption
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High DE WSI and MoSi SSPD

|
I
a 100 — I a
SDE g iiEsEE s E R Ry Hw
|
~ I
EE I E 502
: M
a ! a-Si
I
|
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Break the trade
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W. J. Zhang Phys Rev App 12, 044040 (2019). l, (LA)
Schematic of He ion irradiation of theNbN thin film SDE vslb for SNSPDs with He ion irradiation

We were able to tune superconductivity oNbN nanowires, thus, tune IDE/SDE of SSPD.
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Tune ABS with twin  -layer film
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A Adopttwin -layer NbN film, guarantee the
ABS and IDE simultanuously

A Highest SDE is 98%

Opt Exp 28: 36884. (2020), Spotlight of OSA
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Results from Other groups

2) 4 )

Detecting telecom single photons
with (99.5'33;)% system detection
efficiency and high time resolution @

Superconducting nanowire single-photon detectors
with 98% system detection efficiency at 1550 nm = ®

Cite as: APL Photon. 6, 036114 (2021); doi: 10.1063/5.0039772 fammn) Ii-l
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DCR of SSPD

Background DC

~ 10 -100 cps
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Intrinsic DCR

Ib sensitive, vortex
related

Spectral dependencies of bDCR

Konstantin, App Phy Exp 8: 022501.
(2015)

12

AfYe i sFiMAm3UH_ YA anghai Institute of Microsystem and Information Technology, Chinese Academy of St



O rl g I n Of I D C R Superconductivity 1: 100006 (2022)
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Conclusion:IDCR of typical SSPDs is contributed by thesingle (weakestdefect/constriction
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Fight with current crowding effect
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SSPDs with high SNR
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and improve SNR Advanced Photonics 6: 016004. (202
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Dewar-based SSPD system
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SDE&DCR vsIb for SSPD@4.2K

SDE of 70%04.2Kwith optimized NbTiNfilms
Optics Expres31: 30650 (2023)
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L atest Results: HTS SSPD
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single photon response

MIT demonstrated HTS SSPD, though with poor practicability
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Nature Nanotechnology 18(4): 343 (2023)




Fig.1|Overviewofthe 800 x 500 camera. a, Imaging at 370 nm, withraw highlighting the interleaved rowa d olumn detectors. Low | fti

time-delay datafrom the busesshown asindividualdotsinred and binned 2D schematic diagram showing detector-to-bus connectivity. Low ghlinse[
histogram data shownin black and white. b, Countrate asa function of bias close-upshowingl.l-umdete orwld hand effec S 5-um pixel si
urrent for various wavelengths of light as well as dark counts. ¢, False-colour Scalebar, 5 pm.

scanning electron micrograph of the lower-right corner of the array,

1. 800*500 pixels cover 4x2.5 mmith resolution of 5x5 ... u

2. Four buses (8 coabnes) for readout thermal coupled to pixels.

3. time-to-flight readout process; the spatial domain to the temporal domain
4. Unity efficiency for variable wavelengths

First SSPD camera with 400000 pixels by NIST&JPL

Nature 622: 730. (2023)
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