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Research context and motivation

 In the wide scenario of the proposed Beyond-CMOS technologies, the molecular
implementation of the Field-Coupled Nanocomputing (molFCN) paradigm is promising.

* In molFCN paradigm, the logic information is encoded in the charge distribution of ad-hoc
molecules and propagation is enabled by the interaction of the electric fields generated by
that charge.
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* Logic functions are obtained through specific layout placement of the involved molecules.

* The advantages offered by molFCN technology are: 1) Low power dissipation, 2)
Operating frequency up to THz, 3) Room temperature operation, 4) Bottom-up fabrication,
5) High device density per unit area. Driver
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Addressed research questions/problems

Technological

« The current literature barely considers the effective molecule parameters
behavior. Generally, researchers use quantum approximations of system
the QCA theory and approximate molecules as ideal two-state “*r @
quantum-mechanical systems. @

 The physical models, the technological parameters, and
system design are still far apart, arising difficulties in the design,
validation, and realization of molFCN arithmetic circuits. Physical

models

Adopted methodologies

* Definition of five abstraction layers to guarantee vertical handling of the design:
Characterisation Layer, Fabrication Layer, Molecule Modelling Layer, Interaction Modelling
Layer, Design Layer.

» Definition of a framework that facilitates the design and analysis of molecular circuits. The
framework is subdivided into four main sections: Technology and physics library,
Technology model, Userspace, and EDA.
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» Combination of Density Functional Theory (DFT) calculation to characterize the molecule,
Finite Element Modelling (FEM) to analyze the technological aspects, and theoretical
validation of simulations through energy maps.

* The Self-Consistent Electrostatic Potential Algorithm (SCERPA) is linked to the
ToPoliNano EDA software to provide computation capabilities.
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Novel contributions

« Molecule electrostatics depends on the molecular species (neutral, oxidized, zwitterionic)
and impacts the cell-to-cell interaction.
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* Logic gate behavior is affected by the molecule type used to implement the device, often
leading to contradictory gate implementations. The final behavior of molFCN circuits
cannot be evaluated by ignoring the effective behavior of the molecules.
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* Logic devices interact and
the design must take into
account  for  unwanted
crosstalk polarization.
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the design must take into
account the effective
molecular characteristics, as
the proposed framework S NN PETTSS
does. We are thus able to TERMINATION CHARACTERIZATION
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e Derivation of time-variant molecule models at the physical level (RT-TDDFT and
Ehrenfest molecular dynamics) and integration in the framework of those models to
simulate circuits in the time domain.

Populate the library of gate-level models, aiming to automate the design of complex
circuits implemented in molFCN.
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