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Motivation

— More compact and easier to use single photon detectors;
— Improving Secret Key Rate (SKR) in Quantum Key Distribution (QKD) systems

SKR vs Channel Loss (distance) for COW Protcol
' - ' A detection is registered as a result of a previous

detection, even if no ligth arrives.
— / Afterpulsing effect is a cirtical \
\\:s problem in high speed low
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What is a SPAD?

SPAD -Single Photon Avalanche Diode
H p-n/p-i-n_Junction

n InGaAs
i InGaAs
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How does a SPAD work?
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Arbitrary Units
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How does a SPAD work?
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How does a SPAD work?

Capacitance Response
(CR)
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How does a SPAD work?
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Dual-Anode SPAD (DA-SPAD)
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Chulwoo Park, Seok-Beom Cho, Chan-Yong Park, Soohyun Baek, and Sang-Kook Han, "Dual anode single-photon avalanche diode for high-speed and low-noise Geiger-mode operation," Opt. Express 27,
18201-18209 (2019)



QUANTUM
TECHNOLOGIES

Dual-Anode SPAD (DA-SPAD)
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Detector “Dummy”

Chulwoo Park, Seok-Beom Cho, Chan-Yong Park, Soohyun Baek, and Sang-Kook Han, "Dual anode single-photon avalanche diode for high-speed and low-noise Geiger-mode operation," Opt. Express 27,
18201-18209 (2019)
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Dual-Anode SPAD (DA-SPAD)
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multiplication region multiplication region : | :
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Chulwoo Park, Seok-Beom Cho, Chan-Yong Park, Soohyun Baek, and Sang-Kook Han, "Dual anode single-photon avalanche diode for high-speed and low-noise Geiger-mode operation," Opt. Express 27,
18201-18209 (2019)
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[ Dual-Anode SPAD (DA-SPAD) ]
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My Goal?
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* Reduce mismatch between the “dummy”’s and detector’s
CR with appropriate electronics.

—"_AI—

* Optimize set up to be used in QKD scenario.
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Thank you!






Characterization

Fundamentals

Photon Detection Efficiency

Probability that a photon impinging on the active area of the detector succeeds in triggering an
avalanche current that can be detected by the electronics.

Xend
PDE = f (1= R) ngps(x) Peoi(x) Ptrig(x) dx
0
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Fundamentals

Photon Detection Efficiency

Probability that a photon impinging on the active area of the detector succeeds in triggering an

avalanche current that can be detected by the electronics.

Reflection Coefficient

Xen
PDE = f
0
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Collection Probability

(1- R)"nabs (x)

Peoi(x)
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Fundamentals

Photon Detection Efficiency
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PDE = j
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Photon Detection Efficiency

Characterization
Fundamentals

DCR (cps)
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Dark Count Rate

average number of dark pulses

DCR = —
unit time
Shockley-Read-Hall (SRH) Band to Band Tunneling
Mechanism BRT
; H CRspnrar
% .
15—“- .DERL”M eI RS

Temperature (K)
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Dark Count Rate

Shockley-Read-Hall (SRH)

Mechanism

Dominant @ Room Temperature
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Dark Count Rate

Shockley-Read-Hall (SRH)

Mechanism

Dominant @ Room Temperature

Affected by fabrication
process & initial quality of
the material
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Dark Count Rate

Band to Band Tunneling

Dominant @ Low Temperature

BBT

Dark Count Rate (cps)

Temperature (K
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« Weak Dependenceon T
» Strong Dependence on E
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Improved with proper design of detector




Dark Count Rate

Dominant @ Low Temperature

Band to Band Tunneling
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Dark Count Rate

Band to Band Tunneling
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Separate Absorption, Charge, and Multiplication

(SACM) structure

Acerbi, Fabio & Perenzoni, Matteo. (2018). High Sensitivity Photodetector for

Photon-Counting Applications. 10.5772 /intechopen.71940.
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Niclass, Cristiano & Gersbach, Marek & Henderson, Robert & Grant, Lindsay & Charbon, E..
(2007). A 130-nm CMOS single-photon avalanche diode. Proceedings of SPIE - The
International Society for Optical Engineering. 6766.10.1117/12.728878.
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Korzh, Boris & Zbinden, Hugo. (2014). Low temperature performance of free-running InGaAs/InP
single- photon negative feedback avalanche diodes. Proceedings of SPIE - The International
Society for Optical Engineering. 9114.10.1117/12.2050487.
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Quenching Electronincs

Passive Quenching Circuit.
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Avalanche spontaneously quenched by high
resistor

Active Quenching Circuit.
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Fast disc. electronics detects avalanche — lowers V,
below V.. for a given “hold-off” time
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