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Research objectives:

The laws of quantum physics pave the way to quantum algorithms leveraging on a logic different from the classical one (tertium non datur) used in traditional microprocessors. This leads to parallel computation achieved at physics level and not by massive parallelization of large, power hungry classical circuitry. The efficient translation of this potential into reality needs cryogenic hardware (quantum bit) not emulating but making available actually the quantum laws. These qubits should be controlled and reading out by classical electronics to implement the quantum gates required by the quantum algorithms. Because of thermal load and size constraints by the cryostat the control/read-out electronics should be micro-integrated close to the qubits. The research topic aims to the design of cryogenic RFIC for the implementation of quantum gates and quantum circuits. The extreme operating conditions, thermal management, power constraints, and scaling, on the one hand, and, the extreme sensitivity of qubits/quantum gates on classical circuit non-idealities, on the other hands, make this design activity very challenging and a hot topic in the literature, still under large investigation. With the idea in mind that the solution stays in the contextual optimization of circuits and qubits, the proposed research activity will address the challenges above by a hybrid approach. The research activity will address not only innovative circuit solutions but it will develop, moving from Quantum Mechanics, also compact models compatible with the adopted CAD, so that cryo RFIC and qubits/quantum gates can be co-simulated. 
Proposed research activity:
Expected activities (not limited to):

  Study and simulation of cryogenic CMOS and BiCMOS technologies
  Analysis, design, layout, taping out, and cryogenic characterization of RFIC 

  Control of  qubits and simple quantum gates
  Quantum physics analysis of different platform of qubits 

  Coding of qubits compact models useful for co-simulation
Supporting research projects (and Department)

This project will be carried out at the Department of Engineering “Enzo Ferrari”.
Possible connections with research groups, companies, universities.

· Quantum Circuits, Architectures and Technology of Delft University of Technology, NL (Prof. Fabio Sebastiano)
· Low Temperature Lab at FIM of University of Modena and Reggio Emilia, IT               (Prof. Marco Affronte)

