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GRENOBLE TEAM DEMONSTRATES WORLD’S FIRST QUBIT 
DEVICE FABRICATED IN STANDARD CMOS PROCESS 

 
Paper by Leti, Inac and University of Grenoble Alpes  

Published in Nature Communications 
 

GRENOBLE, France – Nov. 28, 2016 – Leti, an institute of CEA Tech, along with Inac, a 
fundamental research division of CEA, and the University of Grenoble Alpes have achieved the first 
demonstration of a quantum-dot-based spin qubit using an industry-standard fabrication process.  
 
Published in the November 24 issue of Nature Communications, and the topic of an invited paper 
at IEDM 2016, this proof-of-concept breakthrough uses a device fabricated on a 300-mm CMOS 
fab line. The device consists of a two-gate, p-type transistor with an undoped channel. At low 
temperature, the first gate defines a quantum dot encoding a hole spin qubit, and the second one 
defines a quantum dot used for the qubit readout. All electrical, two-axis control of the spin qubit is 
achieved by applying a phase-tunable microwave modulation to the first gate. 
 
Semiconductor spin qubits reported so far were realized in academic research facilities. Unlike 
those demonstrations, the present research achievement relies on the technology of FDSOI field-
effect transistors. The standard single-gate transistor layout is modified in order to accommodate 
a second closely spaced gate, which serves for the qubit readout.   
 
Another key innovation lies in the use of a p-type transistor, meaning that the qubit is encoded by 
the spin of a hole and not the spin of an electron. This specificity makes the qubit electrically 
controllable with no additional device components required for qubit manipulation.  
 
“Our one-qubit demonstrator brings CMOS technology closer to the emerging field of quantum 
spintronics,” said Silvano De Franceschi, Inac’s senior scientist.  
 
Maud Vinet, Leti’s advanced CMOS manager and a co-author of the paper, said, “This proof-of-
concept result, obtained using a CMOS fab line, is driving a lot of interest from our semiconductor 
industrial partners, as it represents an opportunity to extend the impact of Si CMOS technology 
and infrastructure beyond the end of Moore’s Law. The way toward the quantum computer is still 
long, but CEA is leveraging its background in physics and computing, from technology to system 
and architecture, to build a roadmap toward the quantum calculator.” 
 
While superconducting circuits are already providing basic “quantum processors” with several 
qubits (up to nine), spin qubits in silicon are at a much earlier stage of development. The immediate 
next steps will be demonstrating a few (n>2) coupled qubits, and developing a strategy for long-
range coupling of qubits. 
 
In the long run, “leveraging the integration capabilities of CMOS technology will be a clear asset for 
large-scale qubit architectures,” said De Franceschi. “Within a European collaborative project (see 
www.mos-quito.eu), we are also developing cryogenic CMOS electronics for the future co-
integration of silicon qubits and classical control hardware.”   
 

http://www.nature.com/articles/ncomms13575
http://www.mos-quito.eu/
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The specific added value of thin-film FDSOI is having a back-gate, which can be used to tune the 
QD electrical state or the dot-to-dot coupling. That avoids the need for an overlapping top gate 
and the need to deal with the crosstalk. An additional advantage is that conventional FDSOI 
comes with undoped channels, which is expected to be an advantage for co-integrated control 
electronics. 
 
It is anticipated that the built-in parallelism in the treatment of quantum information will open new 
perspectives for cryptography, database searching and simulation of quantum processes. This 
opportunity is triggering major research initiatives all around the world and, because of that, 
significant progress can be expected in the coming years.   
 
Silvano De Franceschi, INAC’s senior scientist, will present an invited paper entitled “SOI 
Technology for Quantum Information Processing” at IEDM 2016, Tuesday, Dec. 6. 
 
About Leti (France) 
 
As one of three advanced-research institutes within CEA Tech, Leti serves as a bridge between basic 
research and production of micro- and nanotechnologies that improve the lives of people around the world. It 
is committed to creating innovation and transferring it to industry. Backed by its portfolio of 2,800 patents, 
Leti partners with large industrials, SMEs and startups to tailor advanced solutions that strengthen their 
competitive positions. It has launched 59 startups. Its 8,500m² of new-generation cleanroom space feature 
200mm and 300mm wafer processing of micro and nano solutions for applications ranging from space to 
smart devices. With a staff of more than 1,900, Leti is based in Grenoble, France, and has offices in Silicon 
Valley, Calif., and Tokyo. Follow us on www.leti.fr and @CEA_Leti. 
 
CEA Tech is the technology research branch of the French Alternative Energies and Atomic Energy 
Commission (CEA), a key player in innovative R&D, defence & security, nuclear energy, technological 
research for industry and fundamental science. CEA was identified by Thomson Reuters as the most 
innovative research organization in the world. CEA Tech leverages a unique innovation-driven culture and 
unrivalled expertise to develop and disseminate new technologies for industry, helping to create high-end 
products and provide a competitive edge. 

About Inac (France) 

CEA-Inac counts 500 people in 6 laboratories, constituting joint research units with University Grenoble 
Alpes, and some with CNRS and Grenoble Institute of Technology. Inac is a major player in basic research 
and its research focuses are on (i) nanoscience, namely photonics, spintronics, nanoelectronics, polymer 
science and nanochemistry; (ii) cryogenic technologies mainly for space and large instruments; (iii) health 
(DNA damages) & biosensors; and (iv) correlated electron systems (superconductivity). Inac develops 
strong activities in nano- and material characterization (synchrotron, neutrons, NMR and EPR, TEM, ions…) 
through internal or shared research centres and with Inac research groups located at ESRF and ILL. Inac 
manages a 700 m2 clean room for upstream research and fast devices prototyping. Inac has three major 
commitments: (i) creating frontier science results in basic research (350 publications per year); (ii) creating 
value by ensuring technology transfer through patents, start-ups, and partnerships in applied research; and 
(iii) training of first class scientists at undergraduate, graduate, and postdoctoral level. Website: inac.cea.fr. 
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