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@CNRISVN Introduction - Background

@ Drift-Diffusion - e Elasticity

@ Thermal

tiberCAD project (started in 2007) @ B
i Flnlte EIement/AtomIStlc deVICe SlmUIat|OnS Envelope Function Approximation

- Seeded by Prof. Aldo Di Carlo U. of Rome ‘Tor Vergata’



@ CNRISVIN Multiscale-Multiphysics Approach
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@ CNRISMIN Quantum Open BC
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@CNRISVN Library approach

Continuous Atomistic

LGPL library

http://www.github.com




@CNRISVIN Key features

e Abstraction from structure details (Atomistic or Continuous)
* Generalized formulation (non-orthogonal)

* Multi-terminal

* Distribution of Energies, k-points

* Hybrid parallelization MPl/openMP

* API for general binding to Fortran, C, C++, Python, etc...



@ CNRISVIN NEGF codes

+* Empirical TB:
= NEMO, OMEN, NEMOS5 (G. Klimeck in Pardue)
= TBSim (J-M Niguet at CEA)

** Semi-empirical
= DFTB+ (A. Pecchia, [ibNEGF)

< Ab Initio
= Based on Pseudopotentials LCAO (TranSIESTA, SMEAGLE, ATK, nanoDCAL)
= CP2K + OMEN (M. Luisier at ETH)
= DMol® (Materials Studio, BIOVIA, uses libNEGF)

There are several implementations, bound to specific codes and not easily available
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Peculiarities:

» Strong built in field due to
spontaneous and piezoelectric
polarization (wurtzite crystal)

» Large injection barriers

» Deep acceptor donor level

——s Trap-assisted
tunneling
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@CNRISVIN Time-resolved PL

LDOS using GF on top of a DD simulation

tiberCAD
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@CNRISVIN Well-to-well Tunneling

Extracted barrier resistivity:

Pure drift-diffusion: 15 Qcm?

8 band k-p: 1.33 Qcm?

Random alloy: 0.28 — 1.26 Qcm?

tunneling across In, ;sGa, osN barrier:

Conduction band profile Transmission
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@ CNRISVIN
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Inelastic scattering

Device region
Right contact

FEM (Drift-Diffusion/Heat)

Left contact

Atomistic NEGF
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@CNRISVIN Electron-phonon scattering
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@ CNRISVIN ibNEGF in EoCoE Il

Project Goals

Benchmark and improve parallel scaling of [ibNEGF

* Possible GPU developments

* |nterface ab-initio calculations: Quantum Espresso/Wannier90
* Implement efficient electron-phonon scattering processes

« Study c-Si/a-Si:H interfaces for energy applications
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Calculations using DFTB parameters
LCAO with sp3d° optimized on Si bands
Gap DOS due to aSi states

Increasing electron transmission with T

Midgap sudden drop of DOS at T=900 K



@CNRISVIN Conclusions

> libNEGF as versatile library to perform transport calculations in nanodevices

» Can be interfaced to FEM and to atomic Hamiltonians

» Good scaling on HPC Juwels with energy and k-point distribution on 36,000 cores
» Possible future improvements in the EoCoE Il projects (GPU, Real-space distrib)

» Needs developments to include electron-phonon scattering efficiently
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