














https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/New-EU-Quantum-Flagship-consortium-launches-a-project-on-silicon-spin-qubits-as-a-platform-for-large-scale-quantum-computin.aspx


https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/CEA-Is-the-First-Research-Center-to-Acquire-A-Cryogenic-Prober-for-Testing-Quantum-Bits-.aspx








https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/CEA-Leti-and-CEA-IRIG-Demonstrate-Quantum-Integrated-Circuit-Combining-Quantum-Dot.aspx


https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/CEA-Leti-Team-Paves-the-Way-for-Massive-Integration-of-Qubits-Critical-for-Achieving-Quantum-Supremacy.aspx


https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/French-Team-on-Route-Towards-an-Interposer-Prototype-for-Quantum--And-Control-Chips-Integration-at-Very-Low-Temperature.aspx


https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/CEA-Leti-to-Build-Quantum-Photonics-Platform-to-Ensure-Ultra-Secure-Data-for-Finance,-Energy,-Defense-and-Other-Industries.aspx


https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/New-EU-Quantum-Flagship-consortium-launches-a-project-on-silicon-spin-qubits-as-a-platform-for-large-scale-quantum-computin.aspx
https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/CEA-Leti-Team-Paves-the-Way-for-Massive-Integration-of-Qubits-Critical-for-Achieving-Quantum-Supremacy.aspx


https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/CEA-Leti-and-CEA-IRIG-Demonstrate-Quantum-Integrated-Circuit-Combining-Quantum-Dot.aspx
https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/French-Team-on-Route-Towards-an-Interposer-Prototype-for-Quantum--And-Control-Chips-Integration-at-Very-Low-Temperature.aspx
https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/CEA-Is-the-First-Research-Center-to-Acquire-A-Cryogenic-Prober-for-Testing-Quantum-Bits-.aspx
https://www.leti-cea.com/cea-tech/leti/english/Pages/What's-On/Press%20release/CEA-Leti-to-Build-Quantum-Photonics-Platform-to-Ensure-Ultra-Secure-Data-for-Finance,-Energy,-Defense-and-Other-Industries.aspx
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APPENDIXCEA’s heritage of quantum research 
and the silicon-based approach

The idea that computers could harness quantum physics to solve problems on 
an unprecedented scale was born in the 1980s. Although quantum algorithms 
began to emerge, and researchers were able to create quantum systems in 
laboratories, the development of functional systems posed profound challenges. 

Quantum computing systems typically seek to leverage the intrinsic angular 
momentum of electrons, or spin, as a means of representing data. But spin 
cannot be completely isolated from the external environment, and that makes 
it susceptible to decoherence—a quantum phenomenon that, in any quantum 
system, “transforms a coherent superposition of states into an incoherent 
mixture with random factors, and which causes the quantum bits to fall back 
to their minimum energy state,” explains CEA-Iramis physicist Daniel Estève.

CEA, through its several centers of quantum physics research, has been involved 
in the field from its inception. Teams at the Iramis and Irig centers delved into 
electronic transport in quantum conductors (nanowires or contacts with a 
few atoms) and the quantum behavior of electrical circuits in general. They 
achieved a breakthrough with the 1998 development of a superconducting 
electrical circuit, the “Cooper pair box,” which showed unprecedented 
decoupling from its environment and led to CEA’s creation in 2002 of the first 
real, functional superconducting quantum bit, or qubit, with a hundred-fold 
improvement in protection against decoherence. In 2016, they demonstrated 
the first silicon spin qubit based on a CMOS industrial technology.

This line of superconductor-based work has been carried on at research 
facilities worldwide, including Yale University’s 2007 development of the 
transmon superconducting charge qubit and CEA-Saclay’s 2012 realization 
of an elementary processor with two transmons (i.e. four base states) and 
demonstration of an elementary quantum algorithm. However, there is 
some concern that superconducting approaches will not be scalable to the 
necessary levels of hundreds or thousands of qubits, due to the challenges of 
both decoherence and susceptibility to errors.

Based on this strong background, CEA’s efforts have focused on leveraging 
standard silicon-based CMOS microelectronic capabilities in the service 
of quantum computing. “In 2016, we demonstrated that an elementary bit 
of quantum information can be encoded in the spin of a single electron, in 
excess or in default, located in an ultra-miniaturized CMOS transistor,” explain 
CEA-Leti’s Maud Vinet and CEA-Irig’s Silvano De Franceschi, who received a 
European Research Council (ERC) grant in 2019 to continue their research. 
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APPENDIXCEA’s long-standing development 
of silicon resources

Over the years, CEA-Leti has compiled an unmatched track record  
as it fulfills its mission to pioneer new micro- and nano-technologies.  
relevant initiatives include:

•	 Long-term development of silicon-on-insulator (SOI) technology,  
a powerful enabler for semiconductors, microelectromechanical 
systems (MEMS), sensors, and now quantum devices. Work began in the 
1980s, with the SmartCut® manufacturing process receiving a patent in 
1991 and the successful startup Soitec launching the following year. Since 
then, the technology has been extended, including the development 
of fully depleted SOI (FD-SOI), and leveraged in partnerships with IBM, 
STMicroelectronics, and other leading tech companies, and in countless 
development projects. 

•	 Extensive work in fabricating a broad range of complex microstructures, 
including electronics, micro- and nano-electromechanical devices, 
sensors, and other functions.  
CEA-Leti’s pioneering work in wafer bonding, wafer-level packaging, 
3D integration, materials development, and other related disciplines 
has paid dividends in hundreds of research projects and supported 
numerous startups.  

Other CEA institutes are working on quantum computing,  
investigating other relevant paths.
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APPENDIXAdditional resources

•	 EE Times podcast interview with Maud Vinet: 
https://www.eetimes.com/podcasts/the-queen-of-quantum-•-space-
docs-and-the-right-stuff-•-the-best-interviews/

•	 ACS paper on remote Ccapacitive sensing in two-dimensional 
quantum-dot arrays:  
https://pubs.acs.org/doi/10.1021/acs.nanolett.0c02393 

•	 Princeton university report on silicon spin qubit development:  
https://www.princeton.edu/news/2019/12/30/leap-quantum-
computing-silicon-quantum-bits-establish-long-distance-relationship

•	 ZDNet report on university of new south wales advances in silicon 
spin-orbit qubit coherence:  
https://www.zdnet.com/article/unsw-scientists-up-coherence-time-of-
a-spin-orbit-quantum-computing-qubit-in-silicon/ 

•	 Nature communication, Maurand R, Jehl X, Kotekar-Patil D, Corna A, 
Bohuslavskyi H, Laviéville R, Hutin L, Barraud S, Vinet M, Sanquer M, De 
Franceschi S. “A CMOS silicon spin qubit” Nat Commun. 2016 Nov 24;7: 
https://www.nature.com/articles/ncomms13575 

•	 Solid state electronics paper, “On the modelling of temperature 
dependence of subthreshold swing in MOSFETs down to cryogenic 
temperature”: https://www.sciencedirect.com/science/article/abs/pii/
S0038110120300812#ab005 

•	 ISSCC 2020, Loïck Le Guevel et al., “19.2 A 110mK 295µW 28nm FD-
SOI CMOS quantum integrated circuit with a 2.8GHz excitation and 
nA current sensing of an on-chip double quantum dot” 2020 IEEE 
International Solid- State Circuits Conference (ISSCC), San Francisco, CA, 
USA (2020): 306-308: https://ieeexplore.ieee.org/document/9063090

•	 ICMTS 2020, Bruna Cardozo Paz et al., “Integrated variability 
measurements of 28 nm FD-SOI MOSFETs down to 4.2 K for cryogenic 
CMOS applications” 2020 IEEE 33rd International Conference on 
Microelectronic Test Structures (ICMTS), Edinburgh, United Kingdom 
(2020): 1-5: https://ieeexplore.ieee.org/document/9107906

•	 IEEE Electron Device Letter, Heorhii Bohuslavskyi et al., “Cryogenic 
subthreshold swing saturation in FD-SOI MOSFETs described with band 
broadening” in IEEE Electron Device Letters 40, no. 5 (2019): 784-787: 
https://ieeexplore.ieee.org/document/8660508
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