Strain-tunable Ge/Si1-xGex heterostructures for hole spin qubits
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Rapid advances in quantum information and quantum computing, driven by the demand for greater computational power, rely on the implementation of qubits as fundamental building blocks [1]. The stability, controllability, and accessibility of these qubits strongly depend on the quality of the materials hosting them, with planar Ge/Si1-xGex heterostructures emerging as one of the most promising platforms for hole-spin qubits [2]. To fully exploit the advantages of this platform, careful engineering of the heterostructure design, as well as precise control over the morphological and structural properties of its constituent layers, is essential. In particular, optimizing the strain in the Ge quantum well (QW) lifts the degeneracy between the heavy holes (HH) and light holes (LH) states in the valence band, which is beneficial for spin qubit applications [3].   
In this work, we present results on the growth of epitaxial Ge/Si1−xGex heterostructures via chemical vapor deposition, using a reverse linear grading approach. Heterostructures with state-of-the-art interface sharpness between the Ge QW and the two barriers were achieved, and the degrees of freedom of the system were exploited to systematically tune the strain in the QW [4]. Strain quantification was performed using Raman spectroscopy and geometric phase analysis, and its influence on the splitting between the HH and LH bands was experimentally benchmarked via soft x-ray angle resolved photoemission spectroscopy (SX-ARPES), which was also used to determine the band offset between the Ge QW and the Si0.2Ge0.8 barrier imposed by the heterostructure design [5]. Both the transport and coupling properties of the heterostructures were assessed by successfully integrating microwave resonators and fully tunable double quantum dots on the same material stack [6]. 
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