Valley Splitting Correlations Across a Silicon Quantum Well
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Quantum dots in SiGe/Si/SiGe heterostructures host coherent electron spin qubits, which are
promising for future quantum computers. The silicon quantum well hosts near-degenerate electron
valley states, creating a low-lying excited state that is known to reduce spin qubit readout and
control fidelity. The valley energy splitting is dominated by the microscopic disorder in the SiGe
alloy and at the Si/SiGe interfaces, and while Si devices are compatible with large-scale semiconduc-
tor manufacturing, achieving a uniformly large valley splitting energy across a many-qubit device
spanning mesoscopic distances is an outstanding challenge. In this work we study valley splitting
variations in a 1D quantum dot array manufactured by Intel. We observe correlations in valley split-
ting, at both sub-100nm (single gate) and > 1 pum (device) lengthscales, that are consistent with
alloy disorder-dominated theory and simulation. Our results develop the mesoscopic understanding
of Si/SiGe heterostructures necessary for scalable device design.
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Tensile strain and spatial quantization:
= Lattice mismatch of Si with SiGe
= \Vertical electric field + mass anisotropy in Si/SiO2

sharp disruptions of the periodic crystal potential at the
4x QW interfaces:

= Random distribution of Ge atoms in SiGe
= |nterface sharpness&disorder of Si/SiO2 interface
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6-fold degenerate

CB minimum

Bulk

High valleys-low valleys: ~20-200 meV (Si/SiGe), 20-40meV (Si-MOS)

Orbital level spacings in a quantum dot

I (~1-10 meV, but depends on dot size)
|
I Valley splitting AEv (~0.01-1 meV)
|
|
|

Zeeman splittings (~0.01-0.1 meV at Tesla-scale fields)

Valley splitting
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Stability of spin states in quantum dots S. Lindemann, T. lhn, T. Heinzel*, W. Zwergert, and K. Ensslin K.
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Ground state =reference

Inner Quter
dot dot

Probing these levels! Working only on one side of detuning
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1. Valley states — parasitic states for
(traditional) spin qubits

- —-__ 2. Si/SiGe (+a few % of Ge) quantum dots : large
if valley splitting (~200ueV) + spatial correlations
(>100% for large QD arrays!)

iz 3. Detuned Axis Pulsed spectroscopy: convenient approach to -
' probe valley states (not only) for the qubit dots
Baseband operation, no Magnetic Field needed.
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