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The valley degeneracy of the conduction band remains a fundamental challenge for the development of silicon-based spin qubits. In standard Si/SiGe nanodevices, this degeneracy is lifted by interfaces and alloy disorder, but the resulting valley splitting is typically limited to the order of only 100 µeV. While substantial theoretical and experimental efforts have sought to overcome this limitation, existing strategies often rely on atomistic interface details that evade experimental control or require heterostructure profiles beyond the reach of current epitaxial techniques.

In the present work [1], the physics of valley splitting is revisited which leads to a novel interpretation: viewing intervalley coupling as backscattering from point-like impurities within Ge-containing crystal planes, a resonant scattering mechanism can be established. This perspective reveals that an enhanced valley splitting requires the constructive interference of multiple scatterers rather than a specific periodicity in Ge concentration. 

Crucially, it is demonstrated that the previously targeted but practically unreachable 2π/(2k0) period [2, 3] is unnecessary for achieving significant splitting. Supported by intuitive physical interpretations and rigorous tight-binding simulations, we devise Ge profiles compatible with state-of-the-art molecular beam epitaxy (MBE) that boost valley splitting beyond the 1 meV scale. These results provide an experimentally actionable pathway toward robust and scalable silicon quantum processors.
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