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Non-equilibrium Green’s function formalism (NEGF)

GR=(—-H-xF)1
G< — GR2<GRT

Self-energies represent external perturbations in atomic devices
» Electrons entering/exiting device (lead/contact self-energy)
e Incoherent scattering phenomena, e.g., phonons

>R = GRDR + GRD< + G=DR <—| Computationally expensive
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Mode space rank reduction

Clever mode filtering method detailed in:
G. Mil'nikov, et al., “Equivalent transport models in
atomistic quantum wires,” Phys. Rev. B, vol. 85,
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3 nm X 3 nm cross section device using 10-orbital tight binding:
~3000 x 3000 matrices (single unit cell) Rank reduced by ~97%
0(N?3) = 2.7 x 1010 operations 3% reduction ratio

3 nm X 3 nm device using 100 modes:
100 x 100 matrices
O0(N?3) =|10°operations

Huge reduction in
computational complexity
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Effects of approximations

to retarded self-energies

e Approx. I: No real part
e Approx. II: Approximation avoids principal value integral
« Full: Includes principal value integral
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A. Esposito, M. Frey, and A. Schenk, “Quantum transport including nonparabolicity
and phonon scattering: Application to silicon nanowires,” J. Comput. Electron., vol.
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In this work: calculation of retarded self-energies

* Responsible for dephasing of

[TT?,[ER(E)] _ %(Z>(E) L Z<(E)) ] f electrons
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Re[¥X7(F)| = WP/(JE o
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* Responsible for shifting resonance energies

: : : H =
* In the form of Kramers-Kronig relations/Hilbert transform s

Hilbert transform in mode space is faster: < 1% of operations I

D. A. Lemus, J. Charles, and T. Kubis, “Mode-space-compatible inelastic scattering in atomistic
nonequilibrium Green'’s function implementations,” J. Comput. Electron., no. 19, 1389-1398, 2020. )



Simulation example

e InAs tunnel FET
» Atomistic tight binding
» Acoustic phonon scattering,
optical phonon scattering,
polar-optical phonon
scattering
 Three cases:
 Ballistic only
 Scattering, zero real ¥
 Scattering ¥ from
Kramers-Kronig relation
« Allin mode space

D. A. Lemus, J. Charles, and T. Kubis, “Mode-space-compatible inelastic scattering in atomistic IR
nonequilibrium Green'’s function implementations,” J. Comput. Electron., no. 19, 1389-1398, 2020. 6



INAs TFET: 2.4nm X 2.4nm

—X= ballistic
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INAs TFET: 3.6nm X 3.6nm
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What if scattering is increased?
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INAs TFET: 3.6nm X 3.6nm

with 10x scattering

Situation- (o S
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Reason for shift in current

Energy-resolved conduction band density of states

1072

Bulk GaSb
10-3 Np =5x10" cm™
Previous NEMOS5 results, shown in 1T =300K
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Exact solution of £, in mode space,
available in NEMO5
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P. Sarangapani, et al., “Band-tail Formation and Band-gap Narrowing Driven by Polar Optical Phonons
and Charged Impurities in Atomically Resolved IlI-V Semiconductors and Nanodevices,” Phys. Rev.
Appl., vol. 12, no. 4, p. 1, 2019. 10



Where to find our software

English | B8 | Mk | o

S I I_VACO Solutions Services Support Corporate

Victory Atomistic

®

Victory Atomistic Device and Nanostructure Simulator TCAD

Manaotechnology praducts exhibit advanced quantum physical effects. Victory Atomistic aims to provide quantum and semi-classical
Process Simulation

hybrid solution in the domain of nanostructure properties like strain relaxation, phonon modes, electronic structure using the tight

binding model. self-consistent Schradinger-Poizson calculations, and quantum sport.

Device Simulation
Read more about Silvaco’s partnership with Purdue University HERE

Atomistic Simulation
Benefits

» Scalable from a few atoms to a million-atom structure Meshing & Solid Modeling

» Self-consistent Schrédinger& Poisson selver giving first principle understanding of device operation at atomistic level
Parasitic Extraction

» Mon-Equilibrium Green's Functions (NEGF) solver for an accurate simulation of (V) characteristics including coherent and

https://silvaco.com/tcad/atomistic-simulation/ ‘Thank yOu! ‘
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