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PhD thesis project
A novel route to germanium spin qubit arrays

General Scope:

Quantum computing is currently pushing further the frontier of information technology. Among
other options, solid-state spin qubits are a promising route to implement quantum processors. In
this field, Ge/SiGe heterostructures are emerging as a leading material platform to engineer
scalable spin-qubit architectures [Scappucci et al, Nat. Rev. Mater. 6, 926 (2021)]. These
heterostructures offer multiple significant advantages. The small in-plane effective mass of holes
in strained Ge quantum wells facilitates quantum confinement. The low-disorder level, denoted by
demonstrated record-breaking mobilities and extremely low charge percolation densities, enables
obtaining reproducible and gate-voltage-defined quantum dots with tunable interdot coupling.
The intrinsic spin-orbit coupling in the valence band enables the coherent control of hole spins by
means of resonant gate-voltage excitation. These three significant advantages have played a key
role in the fast progress of Ge-based qubits, from high-fidelity one- and two-qubit gate gates up to
arrays of ten qubits [John et al, arXiv:2412.16044]. Going beyond these important proofs of
concept toward large-scale qubit architectures will require the development of innovative designs
and fabrication methods.

PhD Subject:

This experimental PhD project targets a novel approach to scalable two-dimensional arrays of
hole-spin qubits based on SiGe/Ge/SiGe heterostructure epitaxially grown on a silicon. Following
a recently published and patented device concept [B. Martinez et al., Phys. Rev. Appl. 22, 02403
(2024)], the project will leverage advanced nanofabrication tools to obtain arrays of quantum dots
whose control gates are penetrating deep into the semiconductor heterostructure in order to
circumvent reduce the effect of surface charge defects, which are believe to be the dominant
source of electrostatic disorder. The project will also benefit from a close collaboration with CEA-
Leti and CNRS-LTM, which will contribute with their expertise and facilities on semiconductor
device processing and integration.

The student will investigate the functionality of the fabricated qubit devices through cryogenic
high-frequency experiments down to 10 mK. The host lab owns a variety of dilution refrigerators
well equipped for the envisioned experiments. The following scientific goals could be achieved in
the time-scale of this PhD project: 1) proof-of-concept demonstration of quantum-dot arrays with
penetrating gates; 2) one- and two-qubit gate functionalities in this novel architecture; 3) A first
study of cross-talk effects.

Required Skills:
e Strong background in solid-state physics and quantum mechanics
e Experimental abilities
e Pithon programming
e Team spirit, resilience, and project ownership
e Scientific communication

Laboratory: PHELIQS
PhD Supervisors:

¢ Silvano De Franceschi, mail : silvano.defranceschi@cea.fr
e Vivien Schmitt, mail : vivien.schmitt@cea.fr

UGA

Université
Grenoble Alpes

FRANCE \

s *
=@, *ak
\__/ Co-funded by

- the European Union



mailto:silvano.defranceschi@cea.fr
mailto:vivien.schmitt@cea.fr

