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Université Grenoble Alpes

PhD thesis project

Hybrid Spin-Valley Qubits in Silicon

General Scope:

Semiconductor spin qubits in silicon are among the most promising platforms for large-scale quantum computing due
to their long coherence times, compatibility with industrial CMOS technologies, and scalability potential. Beyond the
spin degree of freedom, electrons confined in silicon quantum dots also possess a valley degree of freedom originating
from the silicon band structure. While valley states are often considered a limitation for qubit operation, they also offer
the opportunity to engineer hybrid spin-valley quantum systems with extended functionalities.

In this context, hybrid spin-valley systems could provide access to multi-level quantum architectures (qudits), enabling
more efficient quantum operations and novel quantum computing protocols. Understanding and controlling the
interplay between spin and valley physics therefore represents a key challenge for the next generation of silicon
quantum processors.

This PhD project aims at developing silicon spin qubits and exploiting the coupled spin and valley degrees of freedom
to realize hybrid multi-level quantum systems for quantum information processing.

PhD Subject:
The objective of this PhD project is to investigate silicon spin qubits and study the interplay between spin and valley
degrees of freedom in semiconductor quantum dots.
The first part of the project will focus on the formation and optimization of spin-valley qubits in silicon devices. This
includes:

e optimization of spin readout using gate-based radio-frequency reflectometry,

e development of advanced tuning procedures,

o calibration and control of qubit devices.
Particular emphasis will be placed on optimizing operation strategies. In this context, the PhD student will closely
collaborate with the University of Sherbrooke (Canada), where a secondment period will take place during the thesis.
This collaboration will involve continuous interactions on device tuning methods, control techniques, and spin-qubit
operation.
Once high-quality devices are obtained, the project will investigate the interplay between spin and valley states in
silicon quantum dots.
Building on these results, the PhD project will explore the implementation of hybrid multi-level quantum systems
(qudits) exploiting both spin and valley degrees of freedom. The student will investigate coherent control of these multi-
level states and demonstrate elementary quantum algorithms using hybrid spin-valley quantum states.
The project will combine:

e semiconductor quantum-device physics,
cryogenic experiments,
microwave and radio-frequency techniques,
guantum coherent control,
automation and software development,
guantum information processing.

Required Skills:

* Background in quantum physics, condensed matter physics, nanoscience, or quantum engineering.

» Strong interest in experimental quantum computing and semiconductor qubits.

* Experience in programming with Python

» Knowledge of cryogenic measurements, microwave electronics, or semiconductor devices is appreciated.
* Ability to work in an international collaborative environment.

Laboratory: NEEL
PhD Supervisors:

e Matias Urdampilleta matias.urdampilleta@neel.cnrs.fr
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