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   The electron spin qubit confined in silicon quantum dots has been extensively investigated due to its favorable properties for developing scalable quantum processors such as compatibility with the modern semiconductor foundry process, high degree of coherence of spin, and relatively high-temperature operations. We present a collection of iterative spin qubit development results that we performed for the last three years on a 28Si/SiGe heterostructure wafer [1]. We discuss the limitation of the first design in dynamically controlling tunnel coupling and more-than-necessary decoherence gradient. To address the issue, we optimized the width of metal gates and the design of the micromagnet. In the most recent batch, by employing the Pauli Spin Blockade (PSB) based parity readout method, we achieve a high readout fidelity using a delicate pulse sequence [2]. Using the readout method and improved controllability of tunnel coupling, we implement a high-fidelity two-qubit gate between the central quantum dot and the adjacent one. We further discuss the prospects of near-term goals using the latest version devices such as the generation of three to five-qubit entanglement in the temperature range 0.01 ~ 1.5K.
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Figure 1, Scanning Electron Microscope image of the latest version of 5Q device on 28Si/SiGe.

Figure 2, Comparison of two-qubit coupling controllability using barrier pulses for the 1st version (left) and the latest version (right)
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