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Quantum information science (QIS) has introduced a paradigm shift to sensing, communication and 
computation. The promising implications of QIS such as extending beyond classical sensing limits and 
overcoming currently computationally impractical problems have become a pressing concern for near future 
commercial competitiveness and national security. Quantum bits (qubits) are the elemental unit for QIS (e.g., 
analogous to transistors and classical bits), where sensors sometimes rely on single qubits to probe their local 
environments at the nanoscale while fault tolerant quantum computers might require millions to billions 
integrated together.  

Advancing the fabrication science of quantum bits (qubits) is a necessary next step to realize QIS 
applications. Thin film processing is recognized by many companies and researchers as the most promising 
approach for manufacturing reproducible, large area (i.e., commercial scale), epitaxially defined materials for 
sensing applications to integration of millions of low error qubits for fault tolerant quantum computing (QC) in 
the foreseeable future. Reduction of manufacturing-induced atomic scale defects and maintaining yield will be 
key challenges. These fabrication requirements exceed the limits of present semiconductor processes, tools and 
foundational knowledge (e.g., of defect control) to achieve the needed atomic scale perfection at surfaces and 
interfaces. 

Presently, there are many types of physical qubits being investigated in order to build near-term 
systems with 10s to 100s of qubits. Many of the leading technologies, including those used by Google, Intel, 
Global Foundries/PsiQuantum, Amazon, Alibaba and IBM, utilize IC chip manufacturing technology. Since 
low temperature plasma is so commonly used in chip manufacture, it is also essential in thin film-based qubit 
fabrication as well. But the processes of plasma-enhanced film deposition, etching, surface cleaning and so 
forth can generate defects such as undesired residual surface species, or surface roughness or maybe some 
trapped charge at a film interface. Interestingly, the increasingly atomic scale precision needed for 
‘conventional’ chip manufacture is merging with the need for nearly defect-free processing for qubit 
fabrication. Meeting the qubit fabrication challenge will require a concerted multi-disciplinary effort spanning 
plasma science, materials science, surface science, and QC device science.  

In this talk, we will first provide an introduction for those not familiar with qubits and then describe a 
series of examples of the importance, challenges and future opportunities of plasma in thin film-based qubit 
fabrication.  
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