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Development of the Quantum-classical Interface for Semiconductor Quantum Computers
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Quantum computing is among the most promising information processing technologies for
future demanding applications. At the heart of quantum computing is a quantum bit, which
represents data in the form of the superposition of 0 and 1. This allows quantum computers to
utilize quantum entanglement and process information much faster than its classical counterpart.
One of the drawbacks of a quantum bit is that it is easily disturbed by electric or magnetic noise
and loses its information quickly.

In this work, we tackled this problem by developing a carefully designed quantum-classical
interface where a quantum bit interacts with a classical control circuit in the feedback loop.
We implemented feedback algorithms on an FPGA to suppress the noise effects on an electron
spin qubit in a semiconductor quantum dot device. First, we rapidly probed the magnetic noise
on the qubit and adjusted the microwave frequency used in the qubit control to compensate for
the noise effect. This feedback control actively cancelled the noise-induced dephasing effect
and significantly increased the qubit coherence time from less than 30ns to more than 760ns.
As aresult, the error rate in the qubit control was reduced to less than 1%. Secondly, we also
developed a feedback control scheme to improve the error in the qubit initialization. We utilized
fast quantum non-demolition measurement to detect the initialization error without losing the
measured qubit. This allowed us to improve the detection error down to 5% by repeating the
measurement. The initialization error is then expected to be reduced to 8% by using the feedback
control based on the detected initialization errors.

We conclude that the feedback control is useful to improve essential qubit figures of merit

and expect that it will pave the way for scalable semiconductor quantum computers.
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