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(1) Introduction (3) Micro-optical bench for non-reciprocal optics

m Efficient exploitation of quantum-mechanical effects (photon entanglement,

| _ , m Definition of U-grooves with lithographic precision on wafer-scale during
etc.) in free-space optical setups possible

fabrication and precise in-situ etching depth control with accuracy better 1 pm
® Field applications so far limited by scalability due to cost, size, robustness, and
temperature requirements

® Integration of GRIN lenses with passive pick-and-place approach; no active
alignment needed

® Photonic integration in semiconductor and dielectric material systems for ot ating
optical communications proven and state of the art a) Griy | Freespacesection /qpy

waveguide waveguide
® Integration of bulk-optical components not possible in standard photonic u

integration platforms
b)

Challenge: Combination of free-space and integrated optics on a single chip

U-groove U-groove

Schematic (a) and top-view (b) of fabricated on-chip free space section (left).

(2) Polymer-based photonic integ ration platfo rm POIYBOB rd Cross section of etched U-groove with indicated GRIN lens position (right). [1]

® Single-mode waveguides optically transparent from 400 nm to 1650 nm with = On-chip free-space section with collimated beam created by GRIN lenses [2]

low birefringence m Collimation allows for insertion of bulk optical components, e.g. magneto-optic

= Complete hybrid photonic integration platform for optimal combination of crystals for optical isolators and circulators [3]

active and passive optical functionalities
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® Thin-film elements for temp.-insensitive polarization and wavelength routing P ﬁ S 30 |
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Wavelength (nm) Heater Power (mW) Highly efficient on-chip optical isolator in PolyBoard
Integrated polarizing beam splitter with 0.7 dB Thermo-optic switch with 0.5 dB on-chip loss >33 dB peak isolation // 140 nm 20-dB-isolation bandwidth // 1.4 dB on-chip loss

total loss and 50 dB extinction ratio. [1] and > 70 dB extinction ratio.

(4) Micro-optical bench for quantum technology — the UNIQORN approach
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® Miniaturization of proven free-space optical setups by on-chip integration of non-linear Siﬂg]l_eb-mOde FfO'YOFWith S —ppLNw
optical crystals into micro-optical bench on PolyBoard platform = oz QNEE

= Utilization of well-studied non-linear optical effects in ppLN, KTP and AlGaAs for generation of FoEieEe foIpY ol Skio-assEmiel)y ViAilD PASSVE Sfigle MOt ioer Eauphing
_ ppPLN wavequide chip provided by Universitat Paderborn.
single or entangled photons

® Polarization and wavelength handling as well as coupling to optical fibers and Si SPADs in
PolyBoard platform

® Operation at room temperature; only localized on-chip heating for phase matching

Development of a quantum System-on-Chip platform (QSoC)

* UNIQORN-showcases in qguantum communications: Photonic sources and detectors for
polarization and time-bin entanglement, QRNGs, and squeezed light

* QSoC platform adaptable for needs in quantum sensing and computing applications Schematics of selected QSoCs to be developed in UNIQORN:
Polarization-entanglement source with on-chip detection (left) and squeezed-state source (right).
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