Experimental characterization of single photon
devices for quantum technologies application
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Research context and motivation

* Digital Assembly 2019: seven EU signed a declaration agreeing to explore together
how to develop and deploy a quantum communication infrastructure (QCI)
across the EU within the next ten years.

 2018: €1 billion for the Quantum Technologies Flagship

Quantum Technologies Timeline

Photonic quantum technologies:
o Quantum cryptography (QKD)

o Quantum computing (qu-bit)

o Quantum sensing
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W Radjem et al., Nature Electronics volume 3, pages738-743 (2020)

INFN QUANTEP project: Development and implementation of a complete Silicon
Photonics Integrated Circuit for Quantum Computation with linear quantum optics
circuits and single photons.

1. Identification of appealing classes of emitter centers in the telecom C-band
2. lon implantation can unlock devices manufacturing through the deterministic
placement of emitters registered to optical circuits

v" Deterministic sources

v Compact (chip) size, portability, mass production

v" Integration with existing micro-electronic technologies
v" Low power consumption, environmentally friendly
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lon Beam Induced Charge (IBIC) Technique:
 Single-ion sensitivity
« Same wafer to be processed
by individual ions
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In situ measurement of
the ion microbeam
resolution has been
demonstrated [1]
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and simulation of novel radiation sensors
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Novel contributions

1) Assessment of a single-photon sensitive cryogenic confocal microscope: Mg-
related quantum emitters in diamond as a case study
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. g _ Previously unexplored emission
properties have been demonstrated
at cryogenic temperatures

2) Laser annealing activation of C-based emitters in ¥~ Single-photon sensitive cryogenic

silicon (36keV C implantation) confocal microscope (4-300 K)
operating in the IR and VIS range

Investigation of laser annealing
protocol for colour centres
activation in silicon (so far, any
other contribution reported in
literature)
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PL maps of the C implanted silicon sample, A,,. = 488nm, P,,..,, = 2mW and PL spectra acquired in
different laser annealed regions corresponding to different laser powers

300x300 um? simulation domain of ALICE3 pixel sensors

Agile Temperature
Sample Mounter: 4K-
~__ 350K range and therma
&4 contraction nominally
below 30um

Hanbury-Brown & Twiss Interferometry for experimental
measurement of second order autocorrelation function allows
to identify and analyze single-photon emitters.

A closed-cycle optical cryostat by Montana Instruments
together with a single-photon sensitive confocal
microscope permits the optical characterization down to 4K.
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Technology Computer-Aided Design can be a valuable resource in the optimization of the
target itself as a solid-state particle detector for the deterministic positioning of impurities

in silicon Case study: ALICE 3 project
Optimization of Monolithic Active Pixel Sensors for particle
identification via time-of-flight with 20 ps time resolution
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Identification of C-based single-photon emitters in Si
Activation ot C-based single-photon emitters in Si with laser annealing process
Comparison with standard annealing processes
Deterministic placement of single photon emitters in a Complete Silicon Photonics
Integrated Circuit:

1) Sensor design?

2) Suitable doping profiles?

3) keV single ion signal estimation?

Sketch of exposed silicon waveguide area (
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5x5 m?) from the INFN QUANTEP project
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01QRGRV- Microelectronics for radiation detectors 1(29/06/2022, 30h, exam in October 2022)

Summer School on Advanced Photonics and Electronics for Quantum and Space Application(29/8/2022, 14)
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