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2 µm

Individual donors and quantum dots in silicon chips are used as bits of quantum 
information with different but complementary advantages. In this work, we show 
that these two qubit systems can be combined by demonstrating the coherent 
interaction of a 31P donor electron with the electron of a metal-oxide-
semiconductor quantum dot. We form a logical qubit encoded in the spin singlet 
and triplet states of the two-electron system. We show that the donor nuclear spin 
drives coherent rotations between the electronic qubit states through the contact 
hyperfine interaction. This provides every key element for compact two-electron spin 
qubits requiring only a single dot and no additional magnetic field gradients, as well 
as a means to interact with the nuclear spin qubit. This system furthermore 
introduces an engineered path to couple donors together, alleviating the need for 
challenging atomic-precision fabrication and providing a scalable path to multi-donor 
qubit systems. 
We also discuss our advances in engineering the valley splitting and the shell 
filling of QDs to overcome the system’s challenges. We present a scheme for high 
fidelity spin readout that combines the advantages of the Pauli blockade and spin 
1/2 readouts.
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✓ First coherent donor-quantum dot system.
✓ Fast, compact, all-electrically driven ST qubit in MOS.
✓ Built-in access to nuclear spin could enable high fidelity qubit memory or 

nuclear spin computer.
✓ Charge noise in MOS on par with other systems.
✓ Valley splitting is tunable in MOS
✓ 4-electron trick enables engineering of QD electronic properties
✓ Enhanced latching readout, > 99.86% single shot readout fidelity. Bigger 

signal, enhanced lifetime, dipole-independent readout.
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