200 mm Wafer Level Characterization Below 2 K of Gated Si/SiGe Devices for Spin Qubits
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The development of a generalistic quantum computer with millions of qubits is an essential step towards realizing the full potential of quantum computing. This requires transitioning from academic laboratories to industrial manufacturing processes. To validate and optimize these processes, characterization methods are needed. For semiconductor-based spin qubits, characterization should be performed under conditions as close as possible to the final application parameters, particularly at cryogenic temperatures. Since industrial processing occurs on wafers, wafer level characterization is essential. This has led to the development of cryogenic wafer probers, a technology that has gained significance in recent years [1]. Cryogenic wafer probers (CWP) enable high-throughput characterization and access to cryo-statistical information using a load-lock system. This approach allows for efficient testing of multiple devices on a single wafer under cryogenic conditions. We are currently working on adapting academic processes for gated silicon/silicon-germanium (Si/SiGe) spin qubits, including the shuttling architecture [2], to an industrial complementary metal-oxide-semiconductor (CMOS) process. The key to this transition is establishing a feedback loop between cryogenic wafer level characterization and fabrication technology. We discuss the challenges of using CWP regarding floating cooldown in gated Si/SiGe field-effect transistors, noting significant off currents due to charge accumulation in the devices' SiN layer [3]. Additionally, we present our latest findings from cryogenic wafer-level characterization of gated Si/SiGe single-electron transistor structures below 2 K on 200 mm wafers. The characterization process includes a leakage test, accumulation test, and pinch-off determination for six dynamic gates per device. In this implemented test version, we successfully characterized 100 devices within a 24-hour period. These findings are used to provide feedback for iterative improvements in device quality and consistency, aid in device selection by identifying the most promising candidates, and determine starting parameters for final millikelvin characterizations of single devices. This approach of combining industrial CMOS processes with cryogenic mass-characterization techniques represents a significant step towards the realization of scalable quantum processors based on Si/SiGe spin qubits. This research was funded by the European Union's HORIZON program project “Initiative for European Semiconductor-based Large-scale Quantum computer” (QLSI2, Grant Agreement No. 101174557).
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