Development of a flip-chip induced quantum dot on semiconducting spin-qubit materials.
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The ability of the semiconducting industry to manufacture advanced technology devices is expected to speed up the development of quantum computing. Confining few electrons in silicon-based heterostructures via lithographically-designed, gated on-chip quantum dots (QD) enables the manipulation of the spin degree of freedom for quantum information processing. Some of the appealing features of the QD spin qubits are their long coherent properties [1] achievable by solid-state all-electrical control readout [2] leading to recent demonstrations of high fidelity multiqubit operations [3]. However, performance of current state-of-the art QD qubits is typically limited by the fundamental properties of the underlying materials.  Moreover, the exploration of new quantum materials as potential hosts of spin qubits is often overlooked due to the complications resulting from developing an overwhelming fabrication process. We propose an alternative method based on a flip-chip geometry allowing a QD to be induced on an arbitrary material of interest. Recent demonstration of longitudinal couplings on a double-quantum-dot (DQD) charge qubit coupled to high-impedance resonators via a flip-chip geometry has been demonstrated [4], however it still relies on the control of the DQD charge states via on-chip lithography of the control gates. In our proposed scheme a vacuum gap separates the control and host chips via an engineered mesa recess and bonding pads. The control chip, separated from the host material by ~100nm, contains all the necessary circuit elements for gating and readout of the QD structure. We will present the efforts on the integrated flip-chip design based on a control silicon chip and a host Ge/SiGe heterostructure target chip. Lastly, fabrication efforts and device screening measurements for on-chip Ge/SiGe QD structures are presented enabling future comparison of the device performance between on-chip and flip-chip architectures. 
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