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Table 1| Comparison of single-photon detectors.

Detector Operation Detection Jitter time, Dark count rate, Figure of Max. count Resolves photon  Class of
type temperature (K) efficiency, i At (FWHM) D (ungated) merit rate number? report
PMT (visible- 300 40% @500nm 300 ps 100 Hz 1.33%107 10 MHz Yes i
near-infrared)®

PMT (infrared)* 200 2% @1,550nm  300ps 200kHz 333x10? 10 MHz Yes it
SiSPAD (thick 250 65% @650nm 400 ps 25Hz 6.5x% 107 10 MHz No ¥
junction)®

SiSPAD (shallow 250 49% @550nm  35ps 25Hz 5.6x%10° 10 MHz No T
junction)®

InGaAs SPAD 200 10% @1,550nm  370ps 91Hz 297 x10° 10kHz No +
(gated)**

InGaAs 240 10% @1550nm 55ps 16 kHz 114 x10° 100 MHz Yes ¥
SPAD (self-

differencing)*’

Frequency 300 9% @1,550nm 400 ps 13kHz 1.7 x104 10 MHz No i
up-conversion®

Frequency 300 2% @1,550nm  40ps 20kHz 25x104 10 MHz No T
up-conversion®

VIECE 6 88% @694nm  — 20kHz — - Yes §
VLPC* 6 34% @633nm  270ps 7 kHz 1.83 x10° - Yes §
REESL: 0.1 50% @1,550nm 100 ns 3Hz 1.67 % 10¢ 100 kHz Yes i
iESL 01 95% @1,550nm 100 ns — - 100 kHz Yes §
SNSPD 3 0.7% @1,550nm 60 ps 10 Hz 116 %107 100 MHz No T
{meander)®®

SNSPD (new)® 1.5 57% @1550nm 30 ps — - 1GHz No &
QD (resonant 4 12% @550 nm 150 ns 2x103Hz 4x10° 250 kHz No §
tunnel diode)*®

QD (field-effect 4 68% @805nm  — — — THz Yes §

transistor)®

The class of report indicates the conditions under which the detector characteristics were measured; 1 represents acommercial product specification, # represents the use of the detector in a practical experiment
and & represents a measurement of device performance. *Unpublished data, Burm Baek, NIST, USA, 2009.
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Superconducting Nanowire SPDs

contact pads nanowire

A. Vetter, PhD Thesis, Karlsruhe Institute of Technology (2016)



Superconducting Nanowire SPDs

contact pads nanowire
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Specifications
Optimization wavelength 800 nm 1550 nm
System detection efficiency = 85% = 80%
Dark count rate <10Hz  typ. 300 Hz
Standard timing jitter <40 ps <50 ps
Optional low timing jitter <15 ps <25ps
Dead time ! <10ns <30ns
Maximum count rate 2 = 80 MHz > 20 MHz I
£ Output pulse height = 500 mV =200 mv

Possible range of system’s characteristics:

4 =100MHz
<10 cps =150 mV (<10ns) <45ps

> 85 %

www.singlequantum.com / www.scontel.ru / www.sconphoton.com
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Recovery time

Voltage

Time
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Kerman, J. et al., Applied Physics Letters 88, 111116 (2006)



X Long dead time




X Long dead time

X No photonic integration




X Long dead time

X No photonic integration




X Long dead time

X No photonic integration

v 85 % detection efficiency (on-chip)
v 35 ps jitter

v <1 Hz dark count rate

v Reduced dead time (~5 ns)

Kahl, O. et al, Sci. Rep. 5, 10941 (2015)



Waveguide-integrated SNSPDs

Pernice, W., et al., Nature communications 3, 1325 (2012)



\Waveguide-integrated SNSPDs -

e Further reduce wire length

Vetter, A. et al,, Nano Lett. 16, 7085-7092 (2016)



Waveguide-integrated SNSPDs

e Further reduce wire length

Microbridge - U-shape
geometry geometry
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Waveguide-integrated SNSPDs

e Further reduce wire length

* Add photonic crystal cavity

Microbridge - U-shape
geometry geometry
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1D-cavity enhanced SNSPDs

30 % OCDE

Small recovery time (500 ps)

Lower dark count rate (resonance filter, small active area)

On-chip detection efficiency
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1D-cavity enhanced SNSPDs

30 % OCDE

Small recovery time (500 ps)

Lower dark count rate (resonance filter, small active area)

On-chip detection efficiency
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2D-Cavity SNSPDs

‘Front
‘_Reﬂector

Efficiency: 67 % at 1504 nm

< 0.1 mHz dark count rate

29 ps jitter
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Munzberg, J. et al, Optica 5, No. 5: 658-665 (2018)



2D-Cavity SNSPDs

* Efficiency: 67 % at 1504 nm
* < 0.1 mHzdark count rate

* 29 ps jitter
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Recovery time

Start-Multistop time (110957 counts)

1400
1200 +
1000

* Full recovery after 0.5 ns
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* Clicks are registered again
starting from 250 ps
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Munzberg, J. et al, Optica 5, No. 5: 658-665 (2018)



Applications: On-Chip Spectrometer

Wavelength separation by arrayed
waveguide grating (AWG)

Kahl O, et al,, Optica 4: 557-562 (2017)



Applications: On-Chip Spectrometer

Wavelength separation by arrayed
waveguide grating (AWG)
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Wavelength (nm)
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On-Chip Spectrometer

* 8-Port spectrometer o
* 2 nm channel bandwidth
* -18 dB crosstalk

* OCDE ~20%

« Demonstrated for 1550 nm and 740 nm
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Single-photon source and detectors on a single chip

Khasminskaya, S., et al., Nature Photonics 10, 727-732 (2016)



Single-photon source and detectors on a single chip
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Summary

High-performance SNSPDs
— < 500 ps dead time (2 GH2)
- 67 % detection efficiency
- < 0,1 mHz dark count rate

Photonic integration
- On-chip spectrometer

— On-chip single photon source
characterization




Thank you for your attention!

fabian.beutel@wwu.de

AQCeNTech

CENTER FOR NANOTECHNOLOGY

EM PI R EURANET) WWu

Th EMPIR tt o-fun: ddbylh e European Union's H n 2020 MUNSTER

1 pg and the EMPIR Partic plgStl

DF Deutsche
Forschungsgemeinschaft




Fabrication

Au contact pads
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Setup

Electrical Probe
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Fully integrated quantum photonic circuit with an
electrically driven light source




