12/10/2023 Munich

LIec

Principal Member of Technical Staff


mailto:Chrsitian.Haffner@imec.be

IMEC’s vertical value chain - a unique cross-road
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IMEC: INVESTMENT ~3 B€
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Quantum effort worldwide S

From Free space optics to integrated photonics
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H. Zhong, et al, “Quantum computational advantage using photons”, Science, 2020

100 phase lockers
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Excursion: Photonic Qubit Encoding
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[1] P. Sibson et al. Integrated silicon photonics for high-speed quantum key distribution. Optica (2017).
[2] J. Carolan et al. Universal linear optics Science (2015).

[3]E. Sparrow Simulating the vibrational quantum dynamics of molecules using photonicBUtdic+-Eresasger Christian Haffner —
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MZI| building block for quantum information processing

Chip-based quantum communications [']
Gate-based quantum information processing [2]
Simulation of molecular dynamicsl®]
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Imec photonics platforms
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Telecom/data focused Visible application
Industry-standard Biophotonics, sensing, metrology, ...
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Status-quo is not enough
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Integrated photonic quantum technologies

Arrazola, Quantum circuits with many photons on a programmable
nanophotonic chip Nature (2021)

coherent pump splitting photon generation
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J. Wang et al. Multidimensional quantum entanglement with large- T T T T 1
scale integrated optics. Science (2018) 2012 2014 2016 2018 2020 2022
Year

[1] Quix - 20-Mode Universal Quantum Photonic Processor arXiv:2203.01801v4 (2023) Wang, |. Integrated photonic quantum technologies Nature Photonics (2019)
[2]Chi. Y et al. A programmable qudit-based quantum processor — NaturalfRGP2¢senter Christian Haffner — mec
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* Propagation limited (Si >2dB/cm)

Electro-optical engines for quantum

Effect Anggs Loss Speed Dissipation [W]

Thermo-optic (Si)
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[1] [2]

[1] Thermo-optic phase shifters based on silicon-on-insulator platform: state-of-the-art and a review (2022)

[2] Optimization of thermo-optic phase-shifter design and mitigation of thermal crosstalk on the SOI platform, Optics Express '
(2019) Public: Presenter Christian Haffner — l.Tnec
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Electro-optical engines for quantum

[2] Johnson et al., Perturbation theory for Maxwell’s equations
with shifting material boundaries. Phys. Rev. E Stat. Nonlin. Soft
Matter Phys. (2002).

Effect
Thermo-optic (Si)
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[1] Edinger et al,, Silicon photonic microelectromechanical phase shifters for
scalable programmable photonics, Optics Express 202 |

- based on IMEC’s iSiPP50G
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On-chip teleportation with active feed-forward

Entanglement
(ancillary/target qubits)

Control

Tmeasure >
electronics

(3) Two-qubit gate

(1) Input qubit Control

2 electronics /|
Ancillary 3
. o /
Qubit o /
i F
@ y
:é / /
o
2
(7]
(0]
e
Target 3
. 9]
Qubit D
@
: -
e
5
(6) Photonic or solid-state (5) Qubit rotation Teleported
storage unit qubit

(2) One-qubit gate

Solid-state Memory / \
Delay

Resonator i
Qdelay < QSource << _prop
Cc

“mmec

[1] Elsharri et al., Hybrid integrated quantum photonic circuits, Nature Photanicspt@ter Christian Haffner — Christian.Haffner@imec.be
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* IMEC Targets

Electro-optical engines for quantum

Effect Anggs Loss Speed Dissipation [W]

Thermo-optic (Si) 10-+k-1 2% |~ 250um < 0.05dB* > 1us 10s of mW

Opto-electro-mechanics 25 . AT-1 1_0/‘;Ln ~ 30um < 0.1dB* 10s of ns’ N. A.

Electro-optics n3r - Exp = L, > 100um* < 1dB* Sub-ns N.A.

Key messages (Ly;op > Vi L):

) Plasmonics & Quantum = dead end
II)  Silicon FCD to lossy
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Haffner et al. Nano—opto-electro-mechanical switches operated at CMOS-level

EE——
voltage, Science 2019 Public: Presenter Christian Haffner — I.TI'I e C
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