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Abstract. In this paper, we develop a computational strategy for analyzing nanoscale quantum transport under 

ballistic conditions by integrating a Green’s function-based transport formalism with a spatial discretization method suitable 
for electrostatic modeling. The proposed method leverages the nonequilibrium Green’s function (NEGF) approach to describe 
carrier behavior at the quantum level, while a mesh-based numerical scheme-specifically, the finite element technique is 
employed to solve the Poisson equation. This hybrid formulation enables accurate treatment of complex device geometries and 
naturally incorporates electrostatic boundary conditions without introducing artificial constraints. The simulation domain 
is based on a double-gate metal-oxide-semiconductor field-effect transistor (MOSFET), chosen to represent modern transistor 
structures. Key electronic properties, including the retarded Green’s function, local carrier density, electrostatic potential 
distribution, and energy-resolved transmission, are computed self-consistently. To achieve convergence between the charge 
and potential profiles, the Newton-Raphson method is utilized. The numerical results demonstrate how potential distribution 
and quantum transport characteristics evolve across iterations and under different biasing conditions. In particular, the 
transmission spectrum and integrated Fermi functions provide insight into quantum tunneling and carrier injection 
phenomena in short-channel devices. These findings highlight the importance of coupled electrostatic-transport modeling in 
predicting quantum-scale device behavior and support the further development of simulation tools for next-generation 
semiconductor technologies. 

Keywords: quantum-scale simulation, Green’s function transport model, mesh-based electrostatics, self-consistent 
computation, advanced transistor modeling 
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