Quantum Technology (Q) Projects

Community-driven Hybrid Integrated Quantum-Photonic Integrated
circuits (CHIQPI) - $9.6M, Lead: NEMC-BAE Systems-

Quantum technology promises revolutionary capabilities. Maturation and transition of the technology is
hindered by stove-piped fabrication processes, low manufacturing readiness, lack of widely accessible
process design kit (PDK) and multi-project wafer (MPW) offerings. Community-driven Heterogeneously
Integrated Quantum-Photonic Integrated circuits (CHIQPI) addresses these issues by developing a
unified foundry-scale hybrid integration platform, which will support the fabrication of all necessary
devices in the optical control and interrogation systems for atoms and ions. CHIQPI accelerates lab-to-
fab transition and addresses the needs of the quantum community through 3 approaches. 1) The
project will derive requirements from DoD relevant applications: trapped-ion optical clock (TOC) and
Rydberg atom electric field sensors (ARx). 2) Leveraging the already established laboratory process
capability, the project will fabricate the entire optical system needed for both TOC and ARY, including
Photonic-Integrated-Circuit (PIC) enabled trapped-ion chips, hybrid-integrated active optical bench
PICs and chip-scale ARx sensor heads. 3). CHIPQI will additionally develop process design kits (PDKs)
for core foundries to ensure broad access to quantum technology, reduce barriers to entry, and support
future commercial manufacturing. CHIPQI will also incorporate new laboratory development
approaches from a team of universities, small businesses and FFRDCs. CHIQPI aims to address critical
needs for quantum sensing using PICS by providing high-speed, high-extinction modulators in thin-film
lithium niobate as well as low-loss active and passive components across the visible spectrum and into
blue wavelengths. The new materials and devices developed and matured by the CHIQPI team will
change the paradigm for deployable quantum systems.

Quantum Ultra-broadband Photonic Integrated Circuits and Systems
(QUPICS) - $8.5M, Lead: Northeast Regional Defense Technology hub
(NORDTECH) - AIM Photonics and Cornell University-

The Quantum Ultra-broadband Photonic Integrated Circuits and Systems (QUPICS) project will stand up
a broadly accessible foundry platform to support passive, active, and electrical functionality across the
wavelength spectrum from UV to IR. QUPICS will tackle a US capability gap by providing active PICs that
span the important visible and UV wavelength bands that many atom and ion systems utilize. Starting at
a TRL/MRL of 3 and finishing at 6, the resultant platform will enable key systems to further the DoD’s
capabilities in cryptography, positioning, navigation, and timing, networking, and computation. By
developing this process technology in an industrially relevant 300mm fabrication facility, researchers in
the quantum community will be able to quickly test their prototypes on an established, proven, and
reliable platform boosting lab-to-fab. This will allow for faster and more predictable prototyping and
deployment of critical DoD applications utilizing entangled photonics, trapped ions and neutral atoms.
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Extended Quantum Heterogeneous Integration Platform for DoD Systems
(EQUHIP DoD) - $7.1M, Lead: NRL-

This tri-service project will develop chip-scale foundry-fabricated technologies that can enable future
deployable capabilities across quantum technology areas that include networking, computation, and
sensing. We address key outstanding technology gaps including foundry fabrication and materials
challenges limiting the reliability, performance, and efficiency of current quantum chip-scale photonic
devices such as entangled photon sources. We will develop advanced chip-based photonic interfaces
to matter-based quantum systems, an essential link for fieldable quantum technologies.

Photonic Integrated Circuits for Quantum Technologies (QuPICs)-
$1.41M, Lead: NRL-

In this project, we will initiate the adaptation of 300-mm photonic integrated circuit fabrication,
packaging, and component design to the wavelength bands appropriate for quantum technologies.
Quantum technologies require operation at wavelengths determined by specific electronic transitions in
materials such as trapped ions or alkali atoms and occur at wavelengths shorter than those used for
datacom and telecom. This will enable lab-to-fab volume manufacturing of miniaturized quantum
technologies using similar tooling and assembly as that used by the silicon microelectronics industry.

Development of Workforce Expertise in Design, Fabrication, and
Characterization of Extended Shortwave Infrared Photonics Integrated
Circuits Incorporating GeSiSn Alloys (WFDPICA)- $0.50M Lead: AFRL-

This Tri-Service effort seeks to engage students and early career scientists in the development of
Germanium Silicon Tin (GeSiSn) based photonic integrated circuits (PICs) operating in the extended
shortwave infrared (eSWIR) spectral band. GeSiSn PIC structures require a workforce able to
simultaneously overcome design, epitaxy, fabrication, and characterization challenges. If successful,
this effort will provide the DoD with a group of trained experts in GeSiSn PICs with the ability to reduce
eSWIR system size (>50%) and cost (>20%) significantly, while expanding the spectral region from 1.7
um to 3 um.

Improved Materials for Superconducting Qubits with Scalable
Fabrication (SQFab) - $8.9M, Lead: NORDTECH - NY CREATES-

The performance repeatability of superconducting based qubit and resonators is difficult for many
researchers to mitigate, outside of large commercial technology companies, which limits the ability for
start-ups, academic institutions, and government labs to perform quantum information science
research and development. The Improved Materials for Superconducting Qubits with Scalable
Fabrication, or “SQFab” project will develop well-tested materials, devices, and processes so that
researchers can innovate and push the state-of-the-art of manufacturable qubits, qubit control, and
guantum error correction. During this project a material pipeline will be established to screen and test
new materials at academic cleanroom facilities, to help drive performance improvements. In order to
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make controlled fabrication more widely available, vetted process flows at the Cornell Nanoscale
Facility (CNF) will be developed for individual users to access and use. Simultaneously, a tightly
controlled, wafer scale qubit process technology will be delivered through the NY CREATES 300mm
wafer fabrication facility, enabled by a verified superconducting process design kit (PDK). Going from an
MRL/TRL of 2 up to 4, these efforts will democratize access to scalable, high performance qubit
fabrication, enabling faster innovation by the broader community.

Heterogeneous Quantum Networking (HQN) - $3.9M, Lead: NORDTECH
- Rochester Institute of Technology-

As quantum computers mature, there becomes a need to network these resources. Current efforts to
create a quantum network is slow (~200 sec) and limited to connecting computers of the same qubit
type. Under the Heterogenous Quantum Networking (HQN) project, photonic integrated circuits will be
developed to multiplex quantum networking connections, which therefore improve the speed by orders
of magnitude. In addition, entanglement across different qubit types (i.e., trapped ion and entangled
photon) will be enabled, thus allowing for a network that leverages the relative strengths of the different
qubits. This technology will advance from MRL/TRL of 1/2 up to MRL/TRL of 5, through close
collaboration with the QUPICS project, also being carried out through the Commons. By working with
the QUPICS team using their 300mm wafer scale platform, the resultant prototypes will more easily be
transferred to the commercial sector, and the generated PDKs will be available for use by the larger
guantum community.

Silicon Carbide On Insulator for Integrated Quantum Systems (SICIQS) -
$1.5M, Lead: AFRL-

This project seeks to enable high-MRL solid-state quantum through scale-up of existing small-scale
university-level demos. This approach will result in manufacturable, wafer-scale SiCOlI for integrated
guantum technologies by first building upon the highest-performance bond-and-thin approach, while
improving scalability beyond millimeter-scale demonstrations, and then by pursuing a novel
modification to the more mature Smart-Cut process, attacking the challenges associated with poor
material quality demonstrated to date. This project aims to improve the yield of quantum-grade SiCOI by
>100X, going well beyond small proof-of-concept lab demonstrations and paving the way for utility-
scale quantum technologies.
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